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IMPLEMENTATION ENGINEERS (IE) IS AN IX® FIRM FOCUSED ON EXECUTION.

IN MINING & METALS, WE EMBED WITH SITE LEADERSHIP
AND CREWS TO OPERATIONALIZE THE ALIGN-DESIGN—
EXECUTE CADENCE: SHORT-INTERVAL CONTROL AT THE
HEADINGS, DISCIPLINED MOS, RELIABILITY AND
MAINTENANCE INTEGRATION, AND PRAGMATIC
DIGITAL/ANALYTICS (E.G., DRILL TELEMETRY/MWD,
FRAGMENTATION SENSING, CMMS/ERP REPORTING). THE
OUTCOME IS PREDICTABLE METERS, LOWER DILUTION,
STEADIER PLANT FEED, AND VISIBLE FINANCIAL RESULTS.

Jdhar

CONNECT WITH OUR TEAM = EMAIL IE MINING & METALS
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ACCELERATING THE AUTONOMOUS TRANSITION IN CHILEAN
MINING

BRIDGING TECHNOLOGY AND EXECUTION IN THE WORLD’S
MosT ADVANCED MINING CORRIDOR

An Implementation Execution (IX®) perspective on supporting the next Generation of Mining.

EXECUTIVE SUMMARY

CHILE’S MOMENT: FROM TECHNOLOGY ADOPTION TO EXECUTION MASTERY

Chilean mining stands at a pivotal inflection point. Over the past five years, the country has
cemented its position as the global testbed for autonomy in open-pit mining — home to the
world’s largest copper operations, the fastest adoption of autonomous haulage, and some
of the most aggressive electrification and desalination targets on the planet.

But a quiet reality is emerging across sites like Escondida, Los Bronces, Collahuasi,
Centinela, and Quebrada Blanca: the technology is here, the fleets are rolling — yet the

performance curve is flattening far below potential.

Autonomous programs that promised 15-20% productivity gains are delivering half that,
and operational stability remains elusive. Dispatchers revert to manual overrides.
Supervisors manage hybrid fleets with yesterday’s KPIs. Maintenance teams lack
readiness for sensor-driven reliability programs. And the expected EBITDA impact — the
justification behind hundreds of millions in capex — remains “in flight” years after

commissioning.

This is not a technology failure.

It’s an implementation failure.

THE STAKES FOR CHILE’S MINING LEADERS

Executives leading Chile’s mines today are not competing on who deploys the most
advanced trucks — they’re competing on who converts those trucks into sustainable value

fastest.

Three dynamics are raising the stakes:
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1. Global competition for capital - With copper demand rising toward the energy
transition, every global mining board is asking: “Where do we get the next 100,000
tons at the lowest risk?” Mines that master operational autonomy first will attract

the next investment wave.

2. Tighter ESG and regulatory lenses — Chile’s regulators (SMA) and environmental
courts are linking operational performance directly to sustainability performance.
Autonomous fleets that under-perform or cause safety incidents — as recently seen
in Antofagasta and Tarapaca — can now trigger not just downtime, but compliance

reviews and public scrutiny.

3. People and social license — Every mine leader faces a dual mandate: digitize and
decarbonize, without eroding jobs or safety culture. The autonomy narrative must
shift from replacement to capability elevation — a challenge of leadership, not
technology.

In this environment, the winners will be those who operationalize autonomy — who turn

the transition itself into a competitive advantage.

THE CORE CHALLENGE: THE MISSING IMPLEMENTATION LAYER

OEMs deliver the hardware and software. Strategy firms deliver the roadmaps. But no one
has yet implemented the operational discipline, behaviors, and control systems required

to make autonomy self-sustaining.
That missing layer is where Implementation Engineers operates.

Our proprietary IX® (Implementation Execution) methodology bridges the gap between
OEM capability and daily operational reality — combining structured management
systems, real-time performance control, and human-factor transformation.

Through enCompass® — Align, Design, Execute, we embed the behaviors, systems, and

routines that ensure:
= Hybrid fleets (autonomous + manual) operate as one integrated system;
=  Supervisors manage through data-driven control loops, not reactive firefighting;

= Maintenance organizations adopt reliability practices suited for autonomous

assets;
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= Real-time dashboards and short-interval controls govern plan adherence and

utilization; and

= QOrganizational capability (from operator to superintendent) matures alongside the
technology.

THE OPPORTUNITY: CHILE AS THE GLOBAL BENCHMARK

Chile has the unique scale, concentration, and technical capability to become the global
reference model for autonomous open-pit mining — if it bridges this last mile of

implementation.

By accelerating the transition from technology adoption to execution excellence, Chilean

mining executives can unlock:

= 15-25% sustained improvement in truck and shovel utilization through MOS-driven

plan adherence;

= 20-30% reduction in maintenance downtime via predictive maintenance integration

and operator-driven reliability;

= Higher asset safety performance and a stable workforce transition through targeted
supervisor effectiveness and connected-worker programs;

= Faster EBITDA realization, cutting typical autonomy payback cycles by 12-18

months; and

= Enhanced reputation — positioning Chilean mines not only as adopters of

technology but as exporters of operational excellence.

WHY THIS PAPER

This white paper is written for executives who are leading the most complex transformation
in mining’s modern era: the convergence of autonomy, electrification, and sustainability —

all under increasing pressure for returns.

It offers a clear view of where Chile’s autonomy transition stands today, why most
programs are stuck between pilot and performance, and how the IX® approach can turn

that transition into measurable business impact.
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For those charged with sustaining production in an era of constrained water, tighter
margins, and public accountability, this is not just an operational discussion —it’'s a
strategic one.

Autonomy will not define the next decade of Chilean mining.

Execution will.

CHILE’S MINING PULSE: THE STATE OF THE TRANSITION

CHILE: THE GLOBAL LABORATORY FOR AUTONOMOUS MINING

Nowhere on earth combines the concentration of large-scale open-pit mines, capital
discipline, and innovation ambition quite like Chile.

The country’s copper output exceeds 5.3 million tons per year, representing nearly one-
quarter of the world’s supply. More than 80 percent of that production comes from fewer
than a dozen massive open pits across Antofagasta, Tarapaca, and Atacama.

That density has made Chile the ideal proving ground for mining autonomy: high tonnage,
predictable ore bodies, and world-class infrastructure paired with mounting environmental
and social pressure to produce more with less.

Over the last three years, virtually every major operator has announced or expanded an
autonomous haulage or drilling initiative. Yet, behind the press releases lies a more
complex reality—autonomous fleets coexist uneasily with manual units, productivity gains

vary by pit, and cultural adaptation remains the slowest variable in the equation.

A COUNTRY INVESTING IN TRANSFORMATION

= Total capital committed to autonomy, digital, and electrification programs
(2022-2025): = US $5 billion, led by BHP, Anglo American, Antofagasta, Glencore,

Teck, and Codelco.

= Over 250 autonomous haul trucks are either operating or on order across Chilean
open pits—representing roughly 25 percent of the national haul fleet.

= Three OEM ecosystems dominate: Caterpillar / Finning (MineStar), Komatsu
(FrontRunner), and Hitachi (Wenco + AHS pilot).
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Electrification overlay: trolley-assist pilots at Collahuasi and Escondida,
combined with mine-to-port desalination infrastructure exceeding 2,500 l/s of
seawater throughput.

Government and academia alighment: CORFO and Sernageomin now view digital
autonomy and ESG compliance as twin levers in sustaining Chile’s mining
competitiveness through 2035.

WHY THE PUSH — AND WHY NOW

1.

Productivity Compression: After two decades of steady growth, Chile’s copper
grades have fallen nearly 30 percent since 2005. Autonomous haulage is one of the
few levers left to offset declining ore quality through tighter dispatch control,
reduced variance, and extended equipment life.

Labor Demographics: The average equipment operator age exceeds 48 years, with
attrition concentrated in critical pit roles. Autonomy provides continuity—but only if

workforce transition and retraining are managed deliberately.

Cost and Carbon Pressure: Energy now represents 25-30 percent of total site
operating cost. Electrification and automation together are projected to cut diesel
consumption by up to 20 percent across major pits, directly improving the carbon

intensity per ton of copper produced.

Water Scarcity as a Constraint: 2024 marked the driest year on record in
Antofagasta. Mines are racing to integrate desalination logistics, remote pumping,
and automated water-balance control—further reinforcing the need for cross-

disciplinary systems thinking that IX® excels at operationalizing.

THE REALITY BEHIND THE TRANSITION

Despite technological readiness, the operational maturity curve is uneven:

. Autonomy .
Mine Challenges Observed Key Opportunity
Status (2025)
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** omas
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**Centinela

**Quebrada

Blanca

**Collahuasi

BHP**

Anglo

American**

Glencore**

Antofagasta**

Teck**

Anglo /
Codelco JV**

CAT MineStar fleet ramping;
six AHS units fully

autonomous

FrontRunner rollout in prep

Komatsu AHS in pilot; early

scale success

AHS in Esperanza Sur; full
autonomy by 2026

AHS + |OC control

Trolley assist operational
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Incident management,

dispatch overrides

Geotechnical variability,
water-permit

sequencing

Limited local change-

management capacity

Supervisor capability

and readiness gates

Tailings ramp-up, data

integration

Dispatch-power

coordination

Across these operations, one consistent theme emerges: the physical transition

outpaces the organizational transition.

Autonomous trucks roll faster than the management systems that must sustain them.

COMMON CONSTRAINT PATTERNS

1. Fragmented KPI Structures — Autonomy introduces new metrics (autonomous

utilization, intervention rate, safety bubble compliance) that rarely cascade into the

daily MOS. Supervisors still manage to legacy production KPls, creating

misalignment.

2. Hybrid Fleet Inefficiencies — Most sites run 30-60 percent of their fleets

autonomously. Without precise interaction logic, truck queuing and safety buffers

can erode the theoretical gains by 10-15 percent.

3. Maintenance Lag - OEM availability targets (85 — 90 %) assume predictive

maintenance maturity. In reality, maintenance teams face new failure modes—

www.implementation.com
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LIDAR units, radar sensors, on-board compute systems—that traditional PM

programs never accounted for.

4. Cultural Absorption - The human transition remains the hardest. Supervisors must
shift from “telling people what to do” to “coaching systems to perform.” Without
targeted upskilling and visible leadership routines, resistance surfaces quietly—
through workarounds and manual overrides.

5. Integration Silos - Digital, electrical, and mining teams often operate in isolation.
As trolley lines, AHS networks, and desal pipelines intersect, the number of
operational interfaces grows exponentially. Execution excellence, not design

brilliance, becomes the constraint.

WHY THIS MATTERS NOW

The Chilean mining ecosystem is on the verge of defining how the rest of the world
implements autonomy.

If it succeeds, Chile won’t just produce copper more efficiently — it will export a playbook
for integrated, autonomous, low-carbon mining that other jurisdictions will license,

emulate, and learn from.

But success depends on closing the last operational mile: installing a management
operating system for autonomy, building data-driven leadership behavior, and
integrating maintenance and reliability practices for new asset types.

This is precisely where Implementation Engineers’ IX® methodology becomes the
accelerant — bridging the autonomy investment already made with the results executives

expected.

THE IMPLEMENTATION GAP: WHY TECHNOLOGY ALONE
DOESN’T DELIVER

AUTONOMY’S PROMISE MEETS OPERATIONAL REALITY

Autonomous haulage systems were sold to executives on the strength of a compelling

business case:
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= fewer people in the pit, tighter haul cycles, better safety, higher utilization, and

lower cost per ton.
The math was elegant; the spreadsheets were flawless.

Yet across Chile, only a handful of sites are realizing even half of the modeled benefit.

The reasons are not hidden in the algorithms — they’re embedded in daily execution.

Autonomy changes everything about how a mine operates: how shift plans are written, how
supervisors make decisions, how maintenance prioritizes work, and how information

flows.

What many organizations underestimated was that introducing autonomous equipment

is not an equipment project — it’s an organizational transformation.

FRAGMENTED OWNERSHIP

Autonomy lives in the seams between departments.
Technology sits under Digital or Projects, operations under Mine Production,
maintenance under Asset Management, and workforce transition under HR or Change.

Each function does its part, but no one owns the end-to-end value stream.
= Digital teams optimize algorithms, not dispatch reality.
=  QOperations teams chase daily tonnage, not learning curves.
= Maintenance fixes what fails, without redesigning preventive logic for autonomy.
= HR celebrates training hours, but not behavioral adoption.

The result is predictable: activity everywhere, accountability nowhere.

KPIs improve in pockets, but the EBITDA curve stays flat.

TECHNOLOGY INSTALLED FASTER THAN BEHAVIOR CHANGES

Installing an autonomous truck fleet takes months; changing how 400 people make
decisions takes years.

Most mines overinvest in equipment commissioning and underinvest in behavioral

integration.

Supervisors who once directed operators must now interpret digital dashboards, plan by

exception, and coach system performance.
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Without intensive on-bench coaching and redesigned short-interval control meetings,
supervisors revert to what they know — manual interventions and workarounds that erode

system stability.

A study by Implementation Engineers across multiple mining operations shows that
behavioral adoption curves typically lag technology deployment by 12 — 18 months.
Every month of lag equates to 3 -5 % lost fleet utilization — the hidden tax on autonomy.

MANAGEMENT OPERATING SYSTEMS (MOS) NOT BUILT FOR AUTONOMY

Legacy MOS structures were designed for human-driven fleets: safety share > production
meeting > plan vs. actual > shift hand-off.
Autonomy introduces a new tempo of decision-making — real-time exception

management — that legacy MOS rhythms can’t sustain.
In a mixed fleet, the true constraint often shifts minute-to-minute:
= 3ablocked autonomous intersection,
= acommunications latency event,
= aLIDAR calibration fault,
= oramismatch between digital dispatch logic and actual road geometry.

When these events occur, mines need data-driven escalation protocols and short-
interval control loops measured in minutes, not shifts.

Absent that, the system slows to human speed again.

MAINTENANCE AND RELIABILITY MISALIGNMENT

OEM reliability models assume world-class preventive maintenance maturity.
But autonomy adds entirely new failure modes—software, sensors, network infrastructure

— that few maintenance teams are trained to predict or measure.

Without a Computerized Maintenance Management System (CMMS) configured for
autonomous asset hierarchies and telemetry-driven work orders, the plant and mine suffer
a “blind-spot effect.”

Downtime becomes reactive, Mean Time to Repair (MTTR) extends, and the total-cost-of-

ownership advantage vanishes.
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Implementation Engineers’ global benchmarks show that mines implementing
autonomous fleets without concurrent maintenance process redesign lose 15 - 25 % of
expected fleet availability within the first year.

THE DATA DELUGE WITHOUT INSIGHT

Each autonomous truck generates roughly 1 TB of data per day — from GPS, radar, and
health sensors.
But data maturity inside most operations remains at the diagnostic level: teams know what

happened but rarely why.

A high-volume data stream without a connected Performance Dashboard and Analytics
MOS quickly becomes noise.
Executives see more reports but less clarity.

IE’s experience shows that converting raw AHS data into leading indicators — like
Autonomous Ready State %, Intervention Rate, or Digital Uptime — cuts decision

latency by up to 40 %, enabling faster corrective actions and measurable utilization gains.

CULTURAL FATIGUE AND CHANGE SATURATION

After years of digital initiatives — SAP upgrades, loT pilots, safety campaigns — many
Chilean workforces are saturated.
Autonomy is often perceived not as opportunity but as another program from corporate.

Resistance doesn’t show up in open defiance; it hides in compliance without conviction.

Without an integrated change architecture that ties autonomy to the mine’s identity and
purpose, cultural fatigue sets in.

That is why Implementation University, |E’s on-site skilling platform, is built directly into
the IX® approach — developing local champions and reinforcing behaviors at the front line,

not justin classrooms.

FINANCIAL BLIND SPOTS

Most autonomy business cases stop at direct cost metrics — labor reduction and truck
productivity. But the real financial opportunity sits in systemic reliability, scheduling

stability, and throughput.
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Every hour of improved plan adherence and equipment uptime amplifies downstream
benefits: higher mill feed consistency, smoother energy profiles, fewer overtime hours, and
lower re-handling. When modeled across a large Chilean open pit, a 5 % improvement in
plan adherence can yield US $40 - 60 million in incremental annual EBITDA, often at

zero additional capex.

Autonomy, therefore, isn’t just an engineering initiative — it’s a financial performance lever

trapped inside an implementation challenge.

THE PATTERN IS CLEAR

Across Chile’s flagship operations, the same story repeats:
Technology works. People, systems, and behaviors lag.

Bridging that lag is not about more sensors or software; it’s about disciplined execution —

turning autonomy from a project into a managed operating state.
That is where Implementation Engineers’ IX® framework becomes the differentiator:

= enCompass Phase 1-Align: establish accountability, readiness, and value-stream

ownership.

= Phase 2 - Design: re-engineer MOS structures, maintenance workflows, and

dashboards for autonomy.

= Phase 3 -Execute: deploy side-by-side coaching, performance analytics, and

behavioral reinforcement until results sustain themselves.

By institutionalizing these disciplines, Chilean mines can shorten the autonomy value-
realization curve by up to 18 months, unlock double-digit gains in asset utilization, and

achieve the operational resilience global investors now demand.

BRIDGING AUTONOMY AND EXECUTION: THE IX® SOLUTION

Goal: convert autonomy from a capital project into a managed operating state — fast,
safe, and financially accretive — by installing the missing implementation layer: structure,

tools, and people.

www.implementation.com ©2025 Implementation Engineers Phone: +(1) 3124746184



Page |15

We apply enCompass® (Aligh » Design > Execute) with autonomy-specific artifacts,

readiness gates, and KPIs. The output is not a slide deck; it’s a working operating model

your teams run every shift.

ALIGN — ESTABLISH OWNERSHIP, VALUE, AND READINESS (WEEKS 0-6)

WHAT WE DO

Value-stream owner & governance: Name a single Autonomy Value Lead (Ops)
with dotted lines to Maintenance, Digital/OT, HSE, and Mine Planning. Stand up a
weekly Steering Cadence with a scoreboard (not status slides).

Readiness scan (A-RAT™): 6-lens diagnostic for Chile sites: Plan/MOS, Dispatch &
Roads, Mixed-Fleet Rules, Maintenance & Spares, Data/OT, People & Change.

Financial translation: Convert autonomy claims into EBITDA math: baseline haul-
cycle distributions, plan-adherence delta, utilization headroom, and MTTR/MTBF
opportunity.

Stakeholder map & license to operate: Link autonomy milestones with

water/desal windows, trolley energization, and community/union touchpoints.

KEY DELIVERABLES

Autonomy Charter & RACI (who decides what, when it’s off plan).
Readiness Heatmap w/ Critical Few (8-12) priorities tied to $$.

12-week Implementation Roadmap with Readiness Gates (see below).

READINESS GATES (PASS/FAIL)

1.

Hybrid Rules v1 approved (right-of-way, merge/overpass policy, exclusion
bubbles).

MOS Tier Map drafted (Tier 1-3 huddles + short-interval control, digital boards).

CMMS/EAM fields for autonomy assets live (sensor/comms hierarchies, failure

codes).
Supervisor capability cohort identified, dispatcher academy rostered.

KPI catalog v1 agreed (see 4.4).
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DESIGN — CONVERT TECHNOLOGY INTO STANDARDS, KPIS, AND ROUTINES
OPERATING MODEL (AUTONOMY-READY MOS)
= Tiered cadence & SIC (Short-Interval Control):
o Tier 1 (bench/dispatch): 60-90-minute SIC cycles on exceptions only.

o Tier 2 (shift): plan vs. actual with autonomy-specific variances

(intervention spikes, road geometry flags, trolley window hits/misses).
o Tier 3 (daily/weekly): stability review, constraint rotation, action & decision
log.
MIXED-FLEET INTEGRATION

= [Interaction logic: standardized Ramp-Merge SOP, spot rules, loading priority, and
human-AHS spacing (time + distance).

= Road & geometry standards: digital twins of intersections, berms, and passing

bays aligned to OEM constraints; readiness checklist before opening segments to
AHS.

MAINTENANCE & RELIABILITY DESIGN

=  Autonomy FMEA pack: sensors (LIDAR/radar), compute, comms, and drive-train
couplings.

= PdM & CBM triggers: telemetry-driven WO creation; MTTR playbooks and swap
standards for autonomy components.

= Critical spares policy: min/max + replenishment for compute/sensor kits; vendor
SLAs tied to digital uptime.

DATA, DASHBOARDS & OT

= Single Source of Truth: merge MineStar/FrontRunner + fleet health + CMMS into a
Performance Hub.

= Dashboards by role:

o Dispatcher: Autonomous Ready State %, Queue Heatmap, Intervention
Rate/min.

o Supervisor: Plan Adherence, AHS Utilization, Trolley Window Compliance,
Top 5 Exceptions.
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o Maintenance Lead: Digital Uptime, MTTR (autonomy categories), Repeat

Failure 7-day.

PEOPLE & CHANGE (IMPLEMENTATION UNIVERSITY)

= Supervisor Effectiveness for Autonomy: coaching on SIC, exception leadership,

and decision rights.

= Dispatcher Academy (Spanish/English): simulations for merge events, loss-of-

commes, and recovery scripts.

= Frontline transition: connected-worker guides, digital work instructions, and ODR

(Operator-Driven Reliability) tasks for autonomy interfaces.
DESIGN OUTPUTS
= Autonomy MOS Playbook (SOPs + visuals).
= KPI Catalog & Definitions with thresholds and owner per metric.
= Training & Coaching Plan embedded in shift rosters.

= Safety integration: JHAs, HV/trolley controls, exclusion zoning in SOPs.

EXECUTE — COACH ON THE BENCH; LOCK BEHAVIORS; SCALE
SIDE-BY-SIDE EXECUTION

= Daily “exceptions first” rhythm: |[E coaches dispatch & supervisors on resolving
the 3 highest-impact exceptions each shift (e.g., merge stalls, queue bursts,

sensor faults).

= Sustainment mechanics: action/decision logs, weekly LIS (Level of

Implementation Status) scoring, and visible trend boards.

STABILITY - CAPABILITY > SCALE

= Stabilize (Weeks 1-4 of Execute): cut intervention rate, establish = 85%
Autonomous Ready State; remove chronic road/geometry defects.

= Elevate (Weeks 5-10): tighten plan adherence, raise AHS Utilization toward target
band, reduce digital MTTR by 20-30%.

= Scale (Weeks 11-16+): add benches/routes, extend trolley windows, replicate to

second fleet or sister pit.
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= |ocal Champion Team (Ops, Maint, Digital) owns dashboards, LIS scoring, and

playbook updates.

= Quarterly health checks against Gate 2.0 (new benches, different geotech, higher

autonomy ratio).

THE SCOREBOARD — KPIS THAT ACTUALLY GOVERN VALUE

. L Typical Target
Pillar KPI (definition) Owner
(steady-state)
Intervention Severity 0/1 rate )
Safety v 230% vs. baseline Ops/HSE
(per 100 hrs)
Autonomous Ready State %
Stability | (AHS time available / shift =90% Dispatch
time)
AHS Utilization % (productive
Throughput . ) ) 2 75-80% Ops
AHS time / available time)
Plan Adherence % (actual vs.
Adherence | planned tons, route, & trolley =95% Ops/Planning
windows)
Digital Uptime %
Reliability | (sensors/comms/computer 297% Maintenance/OT
on-line)
. . .. | MTTR-autonomy faults .
Maintainability ) ) ¥ 20-30% Maintenance
(median minutes)
. Queueing Loss % (AHS idle ]
Quality =5% Dispatch/Ops
due to merge/spot delays)
Financial | $ / ton delta vs. baseline -8% t0 -12% Finance/Ops

(Targets tuned per site & OEM; early-phase stretch bands set during Align.)
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WHAT EXECUTIVES GET (HARD OUTCOMES IN 12-24 WEEKS)

12-18 month faster payback vs. tech-only rollouts.

+10-15% effective AHS utilization and +5-10% plan adherence, typically
translating to US$25-60M annual EBITDA for a large Chilean pit.

20-30% lower digital MTTR and +2—-4 pts availability on autonomy-critical assets.

Material safety risk reduction (fewer human—-AHS interactions; disciplined merge

logic).

A repeatable playbook your teams can export across sites (Los Bronces > other
Andean pits; Centinela » Encuentro Sulphides; QB - sister benches).

ILLUSTRATIVE TIMELINE (24 WEEKS)

Wk 0-2: Align kickoff, Charter, A-RAT™, baseline KPIs

Wk 3-6: Readiness gates, MOS & SOP drafts, KPI catalog v1

Wk 7-10: Dashboard MVP, CMMS fields live, training cohorts onboard

Wk 11-16: Execute (stability > capability), LIS = 3.5, first value capture review

Wk 17-24: Scale to second bench/route, finalize playbook, handover & governance

LOCALIZATION FOR CHILE

Bilingual delivery (ES/EN)—all SOPs, dashboards, and coaching materials.

Alignment with union and community engagement rhythms; safety JHAs meet

local norms.

Integrates water/desal and trolley windows into the MOS (Chile-specific

electrification overlay).

Bottom line: Autonomy already works. IX® makes it work every shift.
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MANAGING HYBRID FLEETS IN CHILE: FROM COEXISTENCE
TO INTEGRATION

THE REALITY BENEATH THE HEADLINES

Every major Chilean open-pit mine today operates in a hybrid state — some trucks

autonomous, others manual.

This isn’t a transitional inconvenience; it’s the dominant operating model for at least the

next five years.

Escondida, Centinela, Los Bronces, and Lomas Bayas all confirm that mixed fleets will

remain standard until capital cycles, permitting, and technology readiness align.
That coexistence brings its own complexity:

= Two dispatch logics (digital vs. human).
= Two safety envelopes.
=  Two rhythms of decision-making.

= One ore stream that must stay consistent.

In short: autonomy is not a replacement environment; it is a synchronization environment.
And synchronization does not happen by accident — it’s engineered through a disciplined
Management Operating System (MOS).

THE HYBRID CHALLENGE

. . Human Fleet Autonomous Fleet Where the Conflict
Dimension
(Legacy) (AHS) Emerges
) ) ) Dispatch vs. manual
. Real-time, verbal,  Algorithmic, o
Decision Latency | operator timing
visual queued )
mismatch
Dynamic (operator Fixed (coded Merge & overtaking
Safety Envelope )
awareness) geometry + LiDAR) events
. ) Queuing and bunching
Speed Variance | =10 km/h typical +2 km/h controlled
on ramps
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. . o Dual networks create
Communication | Radio + visual Digital (LTE/mesh) )
blind zones

Plan adherence vs. fleet
Cycle Control | Supervisor-driven  Algorithm-driven

cohesion
Maintenance ) ) o Misaligned work-order
. Manualinspection Predictive telemetry
Trigger timing

These mismatches, if unmanaged, convert high-tech investment into latent downtime:
trucks idling at intersections, false fault triggers, or lost productivity while waiting for

clearance that never comes.

THE IX® HYBRID-FLEET OPERATING MODEL

Implementation Engineers addresses hybrid complexity through a structured, people-
centered control system layered over OEM technology.

THE THREE-LAYER MOS
1. Control Room (Tier 1)

= Real-time fleet orchestration board showing both AHS and manned units.
= SIC cycle: every 90 minutes, focus on exceptions only.

= Metrics: Queue Length, Merge Events, Intervention Rate, Digital Uptime.
2. Shift (Tier 2)

= Supervisors review plan adherence vs. digital output.

= Cross-functional 15-minute huddle with dispatch + maintenance.

= Decisionrights: who restarts an AHS route after interruption; who validates

manual entry into an AHS zone.
3. Daily (Tier 3)
= “Constraint of the Day” review with Maintenance and Mine Planning.
= Escalation board: chronic merges, software faults, or geometry conflicts.

= Actions logged in the LIS (Level of Implementation Status) tracker.
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IE codifies five hybrid-fleet standards that become the operating law of the pit:

Standard

Purpose

Key Parameters

Ramp-Merge SOP

Spotting & Loading
SOP

Passing Bay Rules

Communication

Protocol

Emergency
Override

DiGITALTOOLS

Controls approach speed,

right-of-way, buffer

Sync loader-to-truck

assignments

Maintain flow under mixed

speeds

Unify radio and digital

control

Ensure safety event
hierarchy

Merge speed < 25 km/h; buffer = 100

m; radar confirmation window < 3 s

Operator visual + AHS beacon

alignment within 0.5 m tolerance

Bay spacing < 300 m on high-traffic

ramps

Dual-channel LTE + VHF bridge; fail-

safe voice override

3-tier escalation: Operator >
Dispatcher » AHS Supervisor

= Hybrid-Fleet Dashboard: integrates MineStar/FrontRunner data + manual dispatch

to visualize one pit, one clock.

= Queue Heat Map: color-codes congestion areas; automatically flags merge events

exceeding 90 seconds.

= Autonomy Readiness Index (ARI): composite of road geometry, comms stability,

and weather—greenlight for AHS entry each shift.

= Mixed-Fleet Replay: 3-D playback of prior shift to analyze lost minutes and coach

supervisors.

MAINTENANCE AND RELIABILITY FOR HYBRID ASSETS

Autonomous and manned trucks share components but differ in failure behavior.

IE redesigns the maintenance workflow so the system — not the symptom — triggers

intervention:

www.implementation.com
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= Condition-Based Work Orders generated by telemetry events (e.g., LIDAR mis-
calibration, sensor contamination).

= Co-scheduled PMs for manual trucks operating in AHS zones to minimize road
closures.

= Autonomy FMEA integration: links failure modes to digital downtime codes inside
SAP or EAM.

= Critical-Spare Readiness Table: compute modules, sensors, antennas—each with

min/max and supplier SLA.

This closes the gap between predictive data and wrench time, raising Autonomous Ready
State % across both fleets.

PEOPLE: THE HUMAN OPERATING SYSTEM

A hybrid mine requires a new breed of supervisor — half production controller, half digital

conductor.

Implementation University provides targeted modules:

Module Audience Core Skill
Autonomy 101 (Hybrid ) Understanding safety envelopes & visual
All pit personnel
Fundamentals) signals
Supervisor Effectiveness | Front-line Decision rights, data-driven coaching,
for Autonomy | leaders exception leadership

. ) Managing dual fleets, intervention logic,
Dispatcher Academy | Dispatch teams S o
communication discipline

. . Mechanics & Reading digital alerts, updating CMMS
Maintenance Integration ) )
planners with sensor triggers

Delivered bilingually (ES/EN), these programs use on-bench coaching and simulation-
based learning, so behaviors are built where they matter — on the ramp, notin a

classroom.
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Metric Definition Target (Steady-State) Frequency
Autonomous Ready | % of AHS time available
] =290 % Hourly
State % | for production
. Manual overrides per 100 .
Intervention Rate 2.0 Daily
AHS hours
. Idle time from .
Queueing Loss % <5% Shift
merge/spot delays
. . AHS comms/sensor .
Digital Uptime % R 297 % Real-time
availability
Merge Compliance | Events meeting SOP )
=298 % Daily
% | parameters
Plan Adherence % | Tons moved vs. schedule =95 % Daily
Safety Interactions o
Count of proximity alerts v =230 % Weekly

(Human-AHS)

THE PAYOFF

When properly managed, hybrid operations deliver more than stability — they generate

competitive advantage:

= Faster ramp-up: safe coexistence allows expansion without shutting down manual

fleets.

= Learning acceleration: data from mixed-fleet interactions refines dispatch

algorithms faster than fully autonomous sites.

= Cultural bridge: operators remain engaged, easing transition and union relations.

= Predictable productivity: mines achieve near-autonomous utilization rates with

mixed fleets, capturing 80-90 % of the autonomy value while maintaining flexibility.
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CASE SNAPSHOT: ANTOFAGASTA’S CENTINELA MINE (ESPERANZA SUR)

(lllustrative composite based on public data and IE benchmarks)

= Pre-IX® state: AHS utilization 64 %; frequent merge stalls; queueing losses ~12 %.
= [X®implementation: new merge SOP, Tiered MOS, dispatcher coaching, telemetry-
driven maintenance.
= Outcome after 16 weeks:
o AHS Utilization *to 77 %
Queueing Loss v t0 4 %
Plan Adherence 1 to 95 %
$/ton ¥ by 9%
EBITDA uplift: ~US $35 M annualized.

O O O O

THE MESSAGE FOR CHILEAN LEADERS
Hybrid fleets are not a compromise — they are Chile’s proving ground.

The mines that master this phase will not only stabilize production faster; they will define

the operating model that every other mining region will copy.

Implementation Engineers’ IX® methodology gives them that operating model — a
disciplined way to manage the coexistence, extract the value, and scale autonomy on their
own terms.

THE PEOPLE SIDE OF AUTONOMY: FROM RESISTANCE TO
MASTERY

THE HUMAN VARIABLE

Every mining executive in Chile knows this truth: equipment doesn’t resist change —
people do. And in no other transformation is that resistance more complex thanin

autonomy.

When the first autonomous trucks arrive on site, skepticism follows close behind.
Operators wonder what happens to their jobs. Supervisors fear losing authority to
algorithms. Dispatchers struggle with new dashboards that replace instinct with data.

Maintenance crews distrust software alarms they don’t fully understand.
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For most mines, this isn’t defiance — it’s disorientation.

People are being asked to run a fundamentally different system without the mental model
to do so. That gap in understanding — not technology — is what slows value realization.

A CULTURAL TRANSITION, NOT ATECHNOLOGICAL ONE

Autonomy changes identity as much as it changes productivity. A haul truck operator is no
longer the “driver”; they are now a system steward — monitoring digital performance,

responding to alerts, and ensuring the fleet functions as an integrated organism.

Supervisors evolve from controllers of activity to coaches of performance. Dispatchers
become conductors of an orchestra whose timing is digital but whose rhythm remains

human.

Executives must learn to lead through visibility, not proximity — reading dashboards
instead of diesel fumes.

IE has seen this human transition pattern repeat from the Pilbara to the Andes:

autonomy only becomes stable when the workforce rewires its sense of contribution.

WHAT RESISTANCE REALLY LOOKS LIKE

Resistance rarely appears as open opposition.
It lives quietly in the system through:

= Manual Overrides — Operators revert trucks to manual for “just one load.”

= Supervisor Drift — Shifts deviate from plan because “conditions changed,” masking
lack of confidence.

= DataBlindness — Dashboards are displayed but not used to make decisions.

= Skill Silos — Maintenance ignores digital alerts, waiting for visual confirmation.

= Union Anxiety — Lack of early engagement leads to misperception that autonomy

equals downsizing.

If left unaddressed, these subtle behaviors can drain up to 50% of the expected

autonomy value.
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IE’S HUMAN-CENTERED IMPLEMENTATION MODEL

Implementation Engineers embeds human factors into every phase of the IX® process.
Autonomy succeeds not when everyone is trained — but when everyone is skilled,

confident, and accountable.

LEADERSHIP ALIGNMENT

Before the first line of code is tested, we run an Autonomy Leadership Workshop with site
management and superintendents.

It defines:

= Purpose narrative: why autonomy matters for this site, in Spanish and plain
language.
= Role redefinition: what leadership looks like in a data-driven mine.
= Decisionrights map: who owns which calls — from safety overrides to plan resets.
= Visible leadership routines: field walk cadence, Tier meeting behavior, escalation
discipline.
The result: leaders speak with one voice and model the new culture before expecting
others to follow.
SUPERVISOR EFFECTIVENESS FOR AUTONOMY
Supervisors are the most critical layer — the cultural thermostat of the mine.

IE coaches them side-by-side for 8-12 weeks, embedding habits like:

= Running Short-Interval Control (SIC) huddles using live dashboards, not
whiteboards.

= Leading exceptions-first conversations instead of generic “shift reviews.”

= Coaching confidence in dispatch data rather than reverting to manual directives.

= Conducting operator debriefs focused on lessons, not blame.

By week 8, supervisors begin to own the numbers — not just report them.

DISPATCHER ACADEMY

Dispatchers transition from radio control to digital choreography.

Through simulation labs and live-bench coaching, IE develops their ability to:

= Interpret real-time alerts and queue heat maps.
= Make intervention decisions based on risk vs. delay cost.
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=  Communicate clearly with both AHS and manned fleets under mixed conditions.

= Escalate according to the new MOS tiers — no hesitation, no noise.

The Academy runs in bilingual format (Spanish/English) to ensure full comprehension at all

levels of the organization.

OPERATOR TRANSITION PATHWAY

Operators are repositioned, not replaced. They move from “driving” to system
guardianship, monitoring truck health, managing loading bays, or supervising
autonomous zones.

IE builds this trust through:

= Early engagement sessions with unions and operator representatives.

= On-bench familiarization — letting operators see and touch the technology before
it replaces routine.

= Cross-skilling programs to certify operators as Autonomous Fleet Controllers,

maintaining continuity of employment and pride in contribution.

MAINTENANCE & RELIABILITY INTEGRATION

Mechanics and electricians learn to treat sensors and compute racks as part of the
machine.

IE’s “Autonomous Reliability” training includes:

= Reading and interpreting digital health alerts.
= Root-cause analysis of autonomy-related downtime.
= Using CMMS dashboards to trigger and close telemetry-based work orders.

= Developing mean-time-to-respond (MTTR) targets for digital faults.
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BUILDING THE NEW MANAGEMENT CADENCE

Behavioral change must live inside the MOS — otherwise it fades.
IE installs simple, visible systems that reinforce accountability:

Tier Forum Behavior Focus Leadership Practice
1-Bench/ Data-driven daily Resolve 3 exceptions before
SIC Huddles
Shift control lunch
. ) ) Plan adherence & Celebrate top 2 behavior
2-Daily Ops | Tier-2 Review ) ) )
learning loop shifts per shift
Cross- . . . .
3 - Weekly Ops ) Problem-solving & Review top 5 interventions +
functional ) )
Board sustainment prevention plan
team
4 - Leadership | Mine GM & Performance + Link KPIs directly to
Review | Leads behavior recognition & accountability

Within weeks, this cadence builds confidence loops: data > discussion > decision >

discipline.

FROM CHANGE FATIGUE TO CHANGE OWNERSHIP

Many Chilean sites are on their fifth or sixth transformation wave in as many years — SAP,
digital twin, safety 360, now autonomy.

By integrating change management into day-to-day work, IE prevents fatigue from turning
into apathy.

Our approach shifts the psychology from “What’s changing now?” to “What am | mastering

next?”.
Key levers include:

= Visible Wins: early, measurable improvements (e.g., queue time ¥ 20 %) shared
across shifts.
= Peer Recognition: “Autonomy Champions” recognized publicly for behavior

change.
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= Feedback Routines: operators can propose process tweaks; leadership acts visibly
on at least one per week.

= Voice of the Workforce: quarterly pulse surveys embedded in the MOS — not HR
side-projects.

THE CULTURAL ROI

When people understand the “why,” own the “how,” and see the “what” improve, culture

flips from resistance to acceleration.
Quantitatively, |IE-led autonomy transitions deliver:

= 25-35% reduction in intervention events within 12 weeks.

= 20 % faster fault recovery through confident dispatch decisions.

= 10-15 % improvement in plan adherence via behavioral consistency.

= 40 % reduction in attrition or absenteeism within autonomy zones.

= Andthe most overlooked metric: morale — supervisors and operators report higher

engagement once the fear of redundancy turns into the pride of mastery.

WHY CHILE HAS THE TALENT TO LEAD THE WORLD

Chile’s mining workforce is among the most skilled, unionized, and technically literate on
the planet.

When properly equipped, it becomes an unbeatable differentiator.

The combination of Andean resilience, discipline, and technical curiosity is exactly what
autonomy needs to scale responsibly.

IE’s role is to harness that latent strength, accelerate capability building, and ensure
autonomy becomes a Chilean export — not just of copper, but of competence.

THE LEADERSHIP IMPERATIVE

Ultimately, technology doesn’t lead people; people lead technology.

Executives who make autonomy a people strategy first will own the narrative, the culture,
and the results.

Those who treat it as a software installation will continue fighting fires in the world’s most
advanced mines.
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Autonomy succeeds when leadership becomes the algorithm.

THE IX® IMPACT MODEL — QUANTIFYING THE VALUE
REALIZED

TURNING TRANSITION INTO TANGIBLE VALUE

Autonomy is not a cost story — it’s a capital-efficiency story. Every hour a truck runs
without an operator, every meter hauled within plan, and every avoided interaction event
translates directly into financial velocity.

Implementation Engineers’ IX® Impact Model quantifies how disciplined execution

shortens the payback horizon and compounds value across the mine’s ecosystem.
When fully implemented, IX® creates a three-layer value cascade:

1. Operational Value - stable production, higher utilization, predictable throughput.

2. Organizational Value - behaviors, data literacy, and leadership alignment that
sustain results.

3. Economic Value - accelerated EBITDA realization, reduced operating cost, and

optimized capital use.

OPERATIONAL VALUE — MEASURABLE PERFORMANCE UPLIFT

Performance Baseline (typical  Post-IX® Post-IX®

. L Primary Driver
Domain Chile pit) 12weeks 24 weeks

AHS Utilization % | 6070 % +8pts(¥  +15pts(~ Tiered MOS + hybrid

75 %) 82 %) SOP discipline
SIC loops + data-
Plan Adherence % | 85-88 % +5 pts +10 pts ) o
driven supervision
Maintenance
Autonomous Ready ) o
82 % 90 % 93 % readiness + digital
State %

uptime
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Queueing Loss %

MTTR (digital faults)

Safety Interactions
(Human-AHS)

10-12 %

210 min avg

Baseline 100 %

<6 % <4 %
180 min 150 min
v 25 % v 40 %
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Merge logic +
dispatch training

PdM integration + co-
scheduled WOs

Behavioral coaching
+ AHS zones

These improvements appear modest individually, but compound across millions of tons

moved each month — delivering 10-15 % more productive output with the same

installed fleet.

ORGANIZATIONAL VALUE — MAKING PERFORMANCE REPEATABLE

The IX® approach embeds the behaviors and systems that make autonomy stick:

Capability Lagging Pattern  Leading Pattern (post-
. Value Created
Domain (pre-IX®) 1X®)
Leadership | Ad-hoc meetings, Tiered MOS w/ data Faster decisions > +3
Cadence | reactive visibility pts plan adherence
Supervisor | Command-and-  Coaching for data- 1 team autonomy,
Effectiveness | control driven performance lower variance
Reports as Dashboards as real- 40 % faster response to

Data Utilization

Maintenance

Integration

Cultural Health

www.implementation.com

record-keeping
Separate EAM/
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Compliance

mentality
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Over time, these organizational improvements become self-reinforcing.
A site with mature IX® discipline runs fewer meetings, makes faster decisions, and lives
by data instead of firefighting.

ECONOMIC VALUE — THE EBITDA ACCELERATION CURVE

A typical 90-truck Chilean open-pit operation moves roughly 75-80 million tons/year, with
total annual haulage cost in the US $ 250-300 million range.

Under partial autonomy, the IX® impact typically unfolds as follows:

EBITDA Impact (USD .
Lever Improvement o Mechanism
millions / year)
Utilization (+10 | +14 % tons moved B Same fleet > more
pts) | pertruck output
-8 % diesel / + Autonomous speed
Fuel / Energy o
. electrification 8-12 control + trolley
Efficiency ) )
synergy integration
Maintenance Predictive
Downtime | -15 % downtime 10-15 maintenance +
Reduction digital MTTR cuts
5-10 % Reskilling operators
Labor Reallocation o ] 5-8
productivity gain as fleet controllers
Safety / Incident | -40 % exposure - Fewer halts / lower
Avoidance | events insurance costs
Scheduling | +5 pts plan 15_ o5 Reduced re-handling
Stability | adherence / stockpile losses
=~ US $ 60 - 90 million
Total
annual EBITDA uplift
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With IX® embedded, mines typically achieve full autonomy ROl within 18 months of

rollout — compared with 30-36 months for technology-only implementations.

THE INTANGIBLE

MULTIPLIER — LICENSE TO OPERATE AND REPUTATION

In Chile’s socially conscious mining environment, execution excellence carries value

beyond the P&L.

Dimension

Impact of IX® Execution Excellence

Regulatory
Stability

Community

Perception

Investor

Confidence

Safety
Reputation

Consistent autonomous performance reduces risk of SMA
interventions or permit delays.

Visible local employment in new roles (Autonomous Fleet Controller,
Digital Technician) shifts the narrative from automation to

advancement.

Predictable ramp-ups lower cost of capital; sites become preferred in

portfolio allocations.

Measured decline in human-machine interactions enhances

corporate ESG ratings.

These intangible gains often translate into real capital advantages: lower insurance

premiums, smoother community negotiations, and more favorable ESG scoring in global

indices.

BENCHMARK SNAPSHOT: CHILEAN PEER PERFORMANCE

Mine (illustrative)

Los Bronces
(Anglo Am.)

www.implementation.com

Baseline Autonomy Post-1X°® Acceleration vs.
EBITDA ROI Projection Observed/Modeled Plan
+ 16 months (= 45
36 months 20 months
% faster)
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Centinela
30 months 18 months + 12 months
(Antofagasta)
Lomas Bayas
28 months 17 months + 11 months
(Glencore)
Quebrada Blanca
32 months 20 months + 12 months
(Teck)

(Data modeled from IE benchmarks + publicly available site metrics; actual results vary by

pitand autonomy ratio.)

A SELF-FUNDING TRANSFORMATION

Because IX® targets operational waste rather than adding hardware, its implementation is

effectively self-funding:

= Average IX® engagement cost: 1 -2 % of annual OPEX.
= Typicalfirst-year EBITDA impact: 6 — 8 % of annual OPEX.
= ROI: 3-5 x within 12 months.

Put simply: the project pays for itself before full autonomy rollout is even complete.

WHAT EXECUTIVES CAN EXPECT — THE POST-IX® MINE

After 24 weeks of IX® Execution Implementation:

= Stable operations — Daily variance reduced by > 25 %; schedule adherence > 95
%.

= Empowered people — Supervisors lead data-driven reviews; operators reskilled
and retained.

= Predictable performance — KPlIs tied to financial outcomes and visible on every
tier board.

= Scalable model — Playbook replicated across pits or sister sites with <8 weeks

setup.

That is what autonomy done right looks like — not just trucks driving themselves, but

a business running itself with discipline.
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CONCLUSION — THE POWER OF EXECUTION

Technology creates potential. Execution converts it to value.

In Chile’s copper corridor, autonomy’s next leap will not come from a new generation of
sensors or software — it will come from leaders who treat implementation as a core

capability. The mines that embed IX® today will be the benchmark others measure against

tomorrow.

Autonomy may start with algorithms. Profitability starts with

implementation.

CONCLUSION — EXECUTION WILL DEFINE CHILE’S MINING
LEGACY

CHILE’S INFLECTION POINT

For over a century, Chile has led the world in mining productivity, innovation, and

endurance.

Its copper has powered the electrification of industries, cities, and economies.
Now, as the world accelerates toward decarbonization, Chile again stands at the frontier

— this time, to prove that autonomy and sustainability can coexist at scale.

The technology is here: autonomous trucks, predictive maintenance, trolley assist,

desalination, and real-time digital twins.

But the next wave of leadership will not be defined by who has the most technology.
It will be defined by who turns technology into results the fastest, safest, and most

sustainably.

This is no longer about innovation for its own sake — it’s about implementation as a

national capability.
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THE LEADERSHIP IMPERATIVE

Executives across Chile’s mining corridor — from Los Bronces to Escondida, Centinela to
Collahuasi — are now called to lead a different kind of transformation:
one where success depends not on the next capital project, but on the daily discipline of

execution.
The leaders who embrace this shift will:

=  Turn autonomy from a pilot into a performance system.

= Transform supervisors into digital coaches and operators into system controllers.

= |ntegrate predictive maintenance, hybrid-fleet control, and electrification into a
single rhythm of operations.

= Deliver the copper the world needs while reducing cost, energy intensity, and risk.

The world is watching Chile — and learning from how it executes.

WHY IMPLEMENTATION ENGINEERS

Implementation Engineers exists for this exact inflection point.
We are not a consulting firm; we are an Implementation Execution firm.
Our role begins where strategy and technology leave off —in the trenches of real

operations, side by side with the people who make value happen.
Through our IX® Methodology — Align > Design > Execute — we:

= Convert strategy into daily behaviors and measurable results.
=  Embed autonomy within the mine’s Management Operating System.
= Train and coach Chilean teams until performance becomes self-sustaining.

= Deliver financial outcomes that show up in the EBITDA line — not just in reports.

We’ve helped organizations in mining, metals, manufacturing, and energy achieve what

plans alone could not: sustainable results, owned by their own people.

A CALL TO CHILE’S MINING LEADERS

Now is the moment to act — not in theory, but in execution.

1. Benchmark your autonomy readiness.
Assess where your mine stands across planning, fleet integration, maintenance,

and culture.
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IE’s A-RAT™ (Autonomy Readiness Assessment Tool) can establish your baseline

within two weeks.

2. Start small, prove fast.
Choose one pit, one fleet, or one bench to apply IX® methods.
Within 12 weeks, your team will see measurable improvements in utilization, plan

adherence, and digital uptime.

3. Scale with discipline.
Replicate success across benches and sister sites through the IX® playbook and

Implementation University — building internal capability that lasts.

4. Lead the region.
Position your site — and Chile — as the global benchmark for autonomous mining

excellence.

The next generation of mining leaders will not be remembered for the technology they
bought,
but for the discipline they built.

SETTING THE GLOBAL STANDARD

Chile has the mines, the talent, and the technical infrastructure to become the world’s
model of responsible autonomy — a country that demonstrates how digital
transformation can strengthen, not replace, its workforce.

By mastering implementation, Chile can export more than copper — it can export a new

standard for operational excellence.

LET’S TURN VISION INTO RESULTS

Implementation Engineers stands ready to partner with mining leaders to accelerate this

transition — from concept to control room, from investment to impact.

Autonomy will not define Chile’s future.

Execution will.
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