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Haulage Sustainability

Kevin Dagenais, Co-founder & CEO
Haulage & Loading Conference. Tucson, Arizona.
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e Conclusions
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Cascadia Scientific Inc

* Est. 2018 Vancouver B.C.

 Founded on High Accuracy Fuel Measurement
 Matured into a leading ML provider for mining
* Customers in 10 Countries on 5 Continents

Kevin Dagenais, P.Eng, CEO

e Est. 1980 Montreal QC

 M.A.Sc Controls System Engineering (McMaster, 2005)

 Embedded Systems and Vehicle Network Specialist

* Practiced in Data Science since 2018 Co-founding Cascadia
Scientific



Machine Learning

e A study in the field of artificial intelligence focused on the construction of methods that
“learn” from training data

* These methods are commonly used to produce models that predict, explain or decide an
outcome or a course of action

* Highly applicable in situations where satisfactory algorithmic solutions are unavailable

* Credited with the development of linear regression models, neural networks, random
forests and gradient boosting
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Mine Haulage

Sustainability Concerns

&5

Reduce Energy per
ton movead

eReduced fuel usage
e|ncreased runtime
eReduced- battery/charging
requirements

Reduce
Emissions

eRenewable fuels
ePre/Post combustion
strategies

Extended Component/
Consumable Life

e\Wear parts
e ubricants
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Applications of ML to Haulage Sustainability

1 Haul Cycle = 1 Model Observation
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Applications:

* Normalized efficiency assessment of haulage assets

* Normalized efficiency assessment of operator practice
* Validation of 3rd party product efficiency claims

e Assessment of Real-time oil condition

* Optimization of mine ops and mine planning strategies
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1. Define the question or hypothesis:
“Which trucks in my fleet are over consuming based
on the work they perform”

2. Define the model target:
Normalized Liters per Cycle

3. Assess and select correlated model inputs:
Truck ID, Tonnage, duration, distance, vertical profile,
zone, queuing time, week of year

4. Select a model type:
Gradient Boosted Tree

5. Establish model sensitivity and reliability aims
“1% sensitivity with 95% confidence”

6. Train the model and evaluate performance
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Fvaluate Model Performance

1. Withhold training data and quantify error:
Randomize and Repeat

2. Visualize and evaluate model error:
Limited scatter, centered on y = x.

3. Assess correlation between well understood variables
and targets
Does the model make sense
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Applying Models to Practice

s

Case Studies

* Targeted Truck Restorative Maintenance
* Fleet replacement/upgrade decision support

* Operator Performance Management System
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* Models produced weekly & examined for equipment penalty

* Equipment penalties > 1 gal/cycle trigger maintenance referral

e Standardized level-1 efficiency service performed

* Service dates and details captured for post intervention
assessment
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Targeted Restorative Maintenance

 Typical findings related to leaks, filters, injectors, cooling issues

* Inconclusive findings trigger level-2 intervention

 Impact assessed with second model trained with intervention flag
* Average annualized benefit per intervention 4,862 gal (CAT 793D)
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Large operator of mixed manufactured fleet considering repowering or replacing aging
units. Evaluated performance of various configurations:

Electric Drive vs. Mechanical Drive

Engine Upgrades vs. Equipment Replacement

Various payload sizes

Multiple OEMs

Truck Revision upgrades

O O O O O
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Model trained on fuel per ton, rather than normalized cycle

consumption

Most efficient asset showed 6.2 gal/cycle reduction
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compared to previous generation (based on 400-ton payload)

Most efficiency asset delivered above average productivity

(t/h)
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Minero'%
DIGITAL

Komatsu-Mitsui y Antamina concretan importante
acuerdo para renovar flota de camiones
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Operator Performance
Management

Retrospective Analysis (SmartRView)
 Models trained on rolling 3-week periods
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* Model derived operator penalties extracted
e Struggling operators are contacted
e Simulator based training is made available

Short Interval Control (ML Coach)
 Model trained without operator ID’s
e Active shift cycles compared to predictions
e Average deviation calculated across fleet
e Consistent model underperformance through shift triggers
radio callout
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SmartR\/ e MLCOACH

Short Interval Control

Retrospective Analysis * On-site “Base” is being constructed
* Average savings/intervention 0.39 gal/h e 24/7 “dispatch” style monitoring
* Annualized benefit of 175,000 gallons « System augmented with “Bad practice”
saved alerts

* Work on-going to train models to identify
ideal situation operator behaviors
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o ML Haulage models can accurately explain nuanced details of mine
haulage

o These insights can be used to effectively improve mine haulage
sustainability today

o These techniques will have continued, if not increased, relevance as
we pursue decarbonization as an industry
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