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Thank you for your endless compassion, resilience, and Care
We celebrate your influence and msmratnon this entire month, and always!
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Extremely rapid ahd continuous advahcements in technology anhd business
processes facCilitated by Al

Implications for engineering desigh, Vendor OEMSs ahd mining companies:

1. Ghorter testing time for hew teCh to meet industry demands — but will this [ead to unhderqualified solutions?

2. TP exposure to faCilitate integrated Ccompatible solutions with other QEMS — but will this lead to diminished true
hovelty?

3. Adapting to constantly Changing standards related to Safety and data seCurity — what about regulations on AT?

4. Customised engineering solutions make it difficult to generalise solutions — same applies to A]J solutions, like models.

5. Data-driven decision systems with poor QAQC — bad data in, bad A] model out.
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Cost-effective digitalization Volume ahd predictive

“COU ed, .
Al P! Strategy Mmalntehance

humah-sCrutihised
ingenuity
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still use manual tools for see their industrial data

operational planning. as an asset.

still use manual tools for
supply chain visibility.

Results
1. 75% less unplahhed downtimes

2. 50% faster ahalysis and reliable

decisions
3. >20% reduction in emissions
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R
Fleet Mahagement

Maximize tonnhage throughput and
reduce uhplanned fleet outages
TraCk inventory and production
data to improve the quality and
grade Of ore

Improve maintenance planning,
inCluding scheduling and
execution of work, eliminate

routine inhspections, and predict

under-performance of mobile
assets

:?.

Mining and Metallurgy

Improve asset utilization and
optimization

Meet sustainability Challenges with
insight into dust generation, hoise,
and Vibration, along with water
ahd power consumption
(Understand material and grade in
hear-real time and spot market
opportuhities

TRemote operations centre

Arm Virtual experts with continuous
improvement data from maintenance,
inventory, scheduling, and planhing
Improve up- ahd downstream Visibility
by accessing hear-real-time
operational data, anytime and
anhywhere

Bring together historiCal asset
utilization with aCtual production
data to get a holistiC View Of the
entire process and improve predictive

maintenance i ﬁ
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- Absence of technologies for rapid mine development
 Poor return onh investment in mineral exploration due to lower discovery rates
« ReliahCe oh robust oil ahd diesel-based machinery

« Relighce on lime for pH control in mineral processing

« Poor recycling ahd reuse of industrial ahd process water

Absence of GPS sighal in underground mines

Dominance of Cable-based communiCation systems

Overemphasis on machine efficienCy rather thah worker expertise

Mining ContraCts often [aCK Strategies for benefiCiation
Limited examples Of fully automated mines

- IThCcompatible fleet management teChhology

UNIVERSITY OF THE (&) w\ N
Jz‘?’g . WITS MINING INSTITUTE

WITWATERSRAND, \&7

JOHANNESBURG A model of a RDP house, (JJ revealed it was built in

a day using 3D printing
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Minerals Engineers Minerals Engineers When Minerals Engineers after
Before Al Came OUt Al Came Qut using AJ for 5 years
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The quest - turn old data into modernh Value using Al

(Jtopian Solution

4 N\ 4 N\ 4 d N\
reate eplo
Formulate Crea Deploy an
cConstraints Usable Explore
Models (hard)
\_ J \_ J \_ J
4 N\ 4 N\ 4 N\
(Jnknhown )
NoO Constraints Trustworthiness P):; :gig’ggy)
of Models
\_ J \_ J \_ J
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Each map is a data-driven experimental outCome -> gverage all experimental outComes -> the average is the most

COrreCt

1 Models
EPY! R RS WS W —
_26 _ ........................................
gl

—30[ 4 ]

it

.........

...................

Longltude

—1.00

0.89

0.78

0.67

58 30 30

0.56

0.44

0.33

0,22

0.11

0.00

i : H _1 00
.Consensus New AnOma [y Of !
ngh COI’)SGHSU e
-24 5 I
0.78
_26 ...............................................................................................
10.67
7| I — .56
44
_30 £ S
.33
_32 ............... M ........... 22
‘ ‘ | 11
=347 . ;
| ; : 5 Longnude(E)g
18 24 26 78 30 32 .00

Aag Ll




ﬂ
o
o
®
3
h
0
3
=
=
-
ﬂ
o
c
va
=
ye.
c
-+
Q)
S
Q
T
o
Q
ﬂ
g
2
Q
O
O
o!
c
=}
a,
o}
¢a

H B Quartzite B vonzonite B Latite yry
Volume Density e _sep
Fragmentatlon \\\ ’,,” - M'neralogy £ e R g e,

Mine Call

- ~y tOr S~o 3 % Binghath Stock
Ore |0sS - ) Fac - ‘\\\ , Monzonite
K -~ Recovery ~
Dilution @ Grade Tonhnhage - NS
- -
---,/A » r

g
¢ .’I-
oy 2 '.\‘
Aey o) NS
. (.)‘. S "b »v"‘_
P <
Ly

Elongated large fragments Of ore Non- umForm Fragmentat;on Ore stuck inside the mill

UNIVERSITY OF THE N
WITWATERSRAND, 1% " R | MJ[

JOHANNESBURG




_________________________________________________________________________________________________________________________________

o
-
c,
o,
=
g
é‘
3
®
3
Qg
3
®
3
c
Q
Q.
o,
S
o
S
—
~<
®
*
70

_________________________________________________________________________________________________________________________________
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data
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Portable elemental and hyperspectral
sCahnhers + Al

Schedule

Open Pit Mine

S Do o

Processing
Plant

Stockpile ;

BEE =
s £ ) B8
e el

Schedule Dump

Transportation

“
= mEE
[
ﬁ £ 5 mesly
E Processing Transportation
PPPPP I] I I Il Il

Dump Material Destinations
(Cut off grades)
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Cross tramming mixing ore and waste
« [,arge ore sorting dohe at the Crushing ahd milling stages

UNIVERSITY OF THE
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> XRF sensors provide real-time Srade measurements of the material in each
bucket
> (rades are averaged to the trucCk to inform routing decisions

X-ra X-ray
Emi Detector Laser
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Stockpiles

Surge
Stockpile

| Coarse

Primary

Crusher HOLIL

Crusher

Al >,

SAG Mill

SAG
Stockpile




Low-grade dyke

N
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;'Mine Plan Material ‘

High Grade
B Waste

T N

LA
A

,} Cu Grade (%) by ShovelSense Bucket

ShovelSense determined
high-resolution -
transition between low-
grade dyke and high-
grade ore

Aligh with
selective mining

units (SMUSs)
TReconcile with
geologiCal mode|
ahd mine planh

Optimizes the life
Of mine

Improve Mine Call
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« POOY tonhage reconcCiligtion due to high moisture content
« Thconsistent blenhding strategy due to sampling Challenges

[Lidar sCah surface properties anhd volume only

i

VA A A A A A A A A A A A A A A A A A Ll
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Model: Continuous Cellular Automata (CCA)

. ‘ Trajectory segregation during stoCkpile stacking
Moisture and density where fihes are ConCentrated at the Centre of the
pile while Coarse material goes farther to the margins

.....

2 i
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golution: Integrated stoCKpile simulator
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Model: Continuous Cellular Automata (CCA)

36 Hours 782 Hours
Height = 57.79m
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Cone Ccrusher - key features uhChanged for over 80 Years (e.g., Crushing chamber shape, CohCaVve, liners, tramp
release springs, eccentriC motion, drive etC.), as the best way to Crush roCk in this appliCation was discovered a
long time ago.
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Mills 1970s
2.7 X 2.4 m millsp ,
Mufulira ‘ i
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Exponential growth in size
(volume) to >600 M3 ih 2023 anhd,
by extrapolation, volumes
above 1000 m3 would be
expected by 2030

FLSmidth’s SuperCell™ 600

series at 600-660m3
5 Aasilnal
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Before 1969 all flotation Cells <3 m3 t -
= 1970 - 16 m3 Qutokumpu, Finland
e 1976 - 38 m3 Qutokumpu, Finlahd )

- 1982 - 60 M3 Pyhasalmi, Finland | nofoe™GCen

« 1995 - 100 m3 Escondida, Chile

« 1997 - 150 M3 Australia

« 1997 - 160 M3 ChuquiCamata, Chile

« 2002 - 200 m3 Century 2inC, Australia
2007 - 300 m3 Macraes, New Zealand
« 2013 - 500 M3 KevVitsa, Finland

¢ 2015- 660 M3, KGHMS TRobinsoh copper-
mobvbdenu mine in E1y, Nevada- USA Covircnose | MechancarCet_Hyarorae

Recovery

Fine Medium Coarse
Particle Gize

UNIVERSITY OF THE % | N &mﬂw
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. Almost all sCale development is done by vendors.

» Main drivers are OQPEX/CAPEX, ahd competition.

- Enabling technhologies important (e.g., materials, Al+Computer-
aided desigh (CAD).

« Cah we inCrease sCale indefinitely? Or are we runhing out Of
options?

- What is hext?

UNIVERSITY OF THE
WITWATERSRAND, &7

JOHANNESBURG 27
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Each human per day:

- Inhales 14 Kg Of air each day

« Drink 2 K Of Water

- Eating 1.5 Kg Of food.

o With each breath, we ihhale necessary oxygen, but g
also small amounts Of potentially harmful gases and
small particCles

o These constituents direCtly affeCt our health, even if |
we might hot be aware of it

o Poor air quality reduces humanh life expecCtancCy by
more thanh 15 Years in the most polluted cities and
regions worldwide

UNIVERSITY OF THE - N - - =
WITWATERSRAND, $%7 % Contributes between 7 tO 10% Of global
JOHANNESBURG CO, emissions



DRI Smelting
FurnaCe Cah
hahdle large
Slag volumes
without excess
iroh |osses,
thereby
allowing the
use of blast
Furhace-grade
iroh ore
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AJ has accelerated the rate Of inhovation and simplifies prototyping Oof enginheering designs
Remember that:
o All (data-driven) Al relies on data, data Created by humans

o Solutions Created by A] do not always work and will require extensive human sCrutiny
ahd expertise-based Validation

o The Current generation of Al mainly infers things that are Khnown — no true “Sreenfield”
inhovation

o Training AJ using data requires humans to Create inhovative data

UNIVERSITY OF THE N
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“Ctart by doinhg what is necessary, then what is
possible, and suddenly You are doing the
impossible.”

— Gt. Francis Of ASSisi
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