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Technology is now in place to evolve mineral processing >
practice

Process control not sophisticated enough
(digitization is the solution)

Grinding Circuit Performance
CAPEX b|OWOUtS . Hourly Average for 7 days o
Feasibility Actual/forecast o
Company % - 550
Project budget cost cost overrun A
80
Ravensthorpe/Yabilu 0
thorpe/ BHP Billiton|  A$1.4billion 30% . i R 5°°
Expansion 7& yg%ﬁ[ ;‘
Spence (Chile) BHP Billiton| USS$S990 million 10% .70 - H \ 40
Telfer Mine Newcrest | AS$1.19billion 17.50% § X 4 ’S?‘ i‘ i‘
Stanwell Magnesium AMC A$1.3 billion 30% §” ’Sll ¥ f \ T
Boddington Newmont | AS$866 million 100% % 60 | | 150
Goro Project . l
) Inco USS$1.45 billion 15% 55
(Indonesia) V - 300
Prominent Hill Oxiana AS350 million 51% >0
F 250
Source: Noort and Adams 2006 * Poor recovery performance
40 i : L 200
Poor feasibility characterization ime hour
—fi—Mill Feed (tph)  ==4=Mill Power (kW)

(geometallurgy is the solution)
At a mine site South of the North Pole

17.02.2020 —— GTK



Objective: define Mineralogical based process 3
behavior

Measurement based efficiency of Z)l}\ W
each individual process in context

of a family of ore types Crushers

We want to diagnose when and

why recovery goes up or down -
SAG/AG Mill N

We want to be able to diagnose [% |

and isolate the exact causality =

origin of changes in recovery HPGR

Define an operational link between E‘:jﬂ
process units, the circuit as a

- CIL Leach Tank
whole, and optimized recovery Ball Mill

=~ GTK



Building the Virtual Pilot Plant

GTK is building a virtual Pilot Plant based on real one by using Digital Twins tool to
improve the operation of the installation and for a digitized customer experience

...........

Virtual model (on the left) and real Pilot Plant (on the right) at GTK Mintec

~ GTK



Digitalization of Pilot Plant 5

GTK Mintec Pilot Plant

GTK Mintec is the Mineral Processing
pilot plant for

Minerals

Ores

Geomaterials

Circular economy materials A world class process pilot plant with
a capacity up to 5 tonne per hour

~GTK



Digitalization of Pilot Plant 6

Chemical
assay

Process



Digitalization of Pilot Plant 7

GTK Mintec Standard
[ avomted winersioy |

[ Chemical assay J

Process Model

WL AT Tailings management

Water Treatment

Dynamic Model

Water Treatment

Pilot Plant l

A 4

Digital Platform

¥

Outcome

» Digitized Experience
* GTKStandard Report
- Characterization
- Bench Scale
- Pilot Plant

- Process Model
-~




Project’s goals

Digitalization of Pilot Plant

Troubleshooting of
existing plants

process
performance

tailings
management

view the progress
of the work

results achieved
in real time

8



Project Conception

The digital mineral processing solutions are based on:

v/ measuring the phenomena with instrumentation at
several stages of the mineral processing circuit,

Making

v’ managing the data in real-time, actions

3
v’ analyzing collected data by using machine learning

artificial intelligence to develop the next generation of
process control

v making actions.

Digitalization of Pilot Plant 9

Measuring

N\

Managing

Analysing

N\

=~ GTK



Digitalization of Pilot Plant 10

actions

8-11 March 2021



MINTEC Process Plant Flow Sheet

Bench scale
comminution

characterization

[

(

-

Bench scale process

separation

characterization

\

J

Technology HSC process engineering simulation real time Process Control Digital Twin data
Instrumentation management system System management system

.

¥

Sample
Handling

Crushing

\

Sample ]

—
\

L Characterization J

Automated
Mineralogy

]

MINTEC Process Plant Flow Sheet

Digitalization of Pilot Plant 11

Homogenization J

Grinding Concentration Products handling
4 )
_ Gravity Concentrate
AP Separation \
~—— . J
) ( \ \

Ball Mill Flotation De-sliming
- L ) Settling Tank
- 1 y

SAG Mill Magnetic Tailings

Separation J S
- am

DigiMinTwin Y

~ GTK



Geometallurgy to operation

Geometallurgy Laboratory scale

4 \ 4 \
Behavior 1 > Behavior A

\§ J \_

4 ) 4
Behavior 2 > Behavior B

\ J \\§

4 ) 4
Behavior 3 > Behavior C

\§ J \_

4 ) 4
Behavior 4 > Behavior D

\ J § J

4 ~\ 4 N\
Behavior 5 > Behavior E

\ J § J

Mineral Instrumentation

signatures Measurement

Pilot Scale/Production scale

u




Geomet to operation

Geometallurgy Laboratory scale

Behavior 1
Behavior 2

Behavior 3

Behavior 4
Behavior 5

Mineral signatures

[ Simulation a ] [ Simulation ]

[ Simulation y ][ Simulation 6 ][ Simulation 6 ]

Copper Smelter
Amount (th)

2R

Bl

HEEE

cures2

HERBEBEEERELLEp

Process Engineering Simulations

GTK-Mintec Pilot Run

Behavior A

O
Behavior B
-
O
Behavior C
-
—

Behavior D
-

—
Behavior E

—

Instrumentation Measurement

This is the interesting part

u

GTK



Systems being looked at r

Machine — - | Particle Size Distribution
Learning Al * Qutotec HSC Dlgltal Twin System I (dry crushed rock)
* Qutotec SMART flotation cells | m Mineral Characterization
Data Lake Particle . I (XRF)
Library Tracking System ¢ Geopora SyStem I
° Metheore dry PSD SAG feed I H Particle Size Distribution
| | | | Mal t PSD | | (wet slurry)
o alvern we slurr
PLC Server PLC Server PLC Server PLC Server y : Mineral Characterization
Bank Bank Bank Bank I (Raman Spectroscopy)
\ Cyclone Overflow [
/ Product I B CycloneTrac
Cyclone ! Di Froth Camera
. Feed .
Rod Mill I 'A (Frothvision)
i Lo e e e —— = -
" Cyclone
ﬁ\ = Nest
; Rod Mill
Product
Cyclone
Underflow .

Ball Mill Flotation
Feed Concentrate
Ball Mill
Product
Flotation
Tails



DigiLINK

Efficiency enhancement

Capability of performing effective
cost/worth analysis for investing in
future technologies and/or new
instruments

Better asset management
Fault detection and diagnosis

Improving safety

MINTEC Process Control
System (room)

Conventional Process
*Cagtrol System

g W W R g
- " -_
Database Digital twin data
Library management system
§ Will manage the
. multiple data streams
~
L4
~

L]

= , datainformation
~

Mineral processing

p I ant Crushing /\ m——

~., Will collect a lot of

~
~

L4

HSC real time process
data management
system

Instrumentation
Measurement

Will only use some data
information




Machine Learning

* What controls the metrics for good flotation
performance at the ball mill metrics?

* How does the cylone nest interact with the ball
mill?

* What are the implications of the feed to the SAG
mill being too coarse (or at the critical size
fraction)?

e How does the SAG mill interact with the ball mill?

* What controls the metrics for good flotation
performance at the crusher metrics?

 How does mineralogy influence the whole
circuit?

8-11 March 2021

FLOTATION PHENOMENA

FROTH ZONES

Target Mineral

= @ Gangue Mineral




L . 1
Characterization Point

. |
Geometallurgy signatures around B (fow) 1 4 Qemocan :
9 \ 1
each laboratory scale process unit bi (components) | A Shemicaldssay
N Separation
Feed Process
---------- Sample
: Characterization Point : - ) Product
| A Qemscan | Samples
| A XRD/XRF I A (flow)
|

I A Chemical Assay

o ——— ! ai (components) \ e

Characterization Point

|
! I
| A Qemscan
C (flow) I A XRD/XRF :
I A Chemical Assay I
Ci (components) 1= - = = = = = = = = 1

B * Particle Size Distribution
Instrumentation data collected liich) « Mineral proportions
around each pilot scale unit bi (comporents) * Particle tracking
Separation /
Feed Process
* Particle Size Distribution Sample Product
* Mineral proportions A — Samples
* Particle tracking e
ai (components) \
C * Particle Size Distribution
(flow)

Mineral proportions ——~ GTK

Ci (components) * Particle tracking
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Data-driven equipment modelling

Modelling equipment using machine learning (ML) algorithms

-—

potential improvements

{ -

New insights into the behavior and operation of components and J

Benchmarking the resulting ML-based models against the
traditional empirical models

o

Sufficiently accurate N Leveraged in the Digital
models 1 '8 Twin

8-11 March 2021 o~ GTK
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Machine vision

P —
EK 5 \'
A Froth camera (Frothvision) at flotation cells * ‘

X-Ray Camera Input data in the form of image  sunveillance camera

&

Sarine

Flotation froth
monitoring

Particle size
reduction

Mineral
content

{ Safety alarms }

Sorting and warnings

8-11 March 2021 =~ GTK



Fault detection

Lack of reliable Very Low
historical frequency of
information failure occurrence
{ Operationa| data Serious challenges for training

‘ - ML models

Training ML models to detect

Collecting information about faults, their causes,

failures in different equipment and failure handling actions into the data base
. ) Data analysis, finding causal relations, and
( Deploying the resulting models applying ML models

Improved fault detection and
diagnosis

~ GTK



Integrate Four paradigms :

“+ running steady

( GTK instrumented pilot
-4 i
L Stor 1amic state

/?f')/ 0,/0/-/0(4
afyf;a,,,céj?y
process
models
W Pe0ren 00 frse \ ( Technical outcome exchange
2 170, ) .
( B 7 g MEEANALE 1 across all 4 paradigms
theoretical modelling J empirical modelling
L

~ GTK



Conclusion — Mitigate risk for the client

At the feasibility stage(s), CAPEX closely resembles the final commissioning reality
* Deliver a pilot run that delivers the best and most effective recovery procedure

A clear operational understanding of why recovery improves or deteriorates is developed

Diagnose the ore types that will be more challenging for recovery in a fashion where the plant can respond
in time with an optimized response

Dhia nolfe tne relationship between recovery at the flotation cells and performance of individual units like
the ball mi

An optimized circuit response and invidual process unit response to each ore type

A link between tailings management and plant performance

~ GTK



