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OICM-TP/3

...- [-eonyb4uKu, - ckazan ®edop CumeoHo8UY 0300A4E€HHO, Pa30b6PABUIUCH 8 MOYEPKAX.
- Omo xce n-npobnema beH b-6eyanasa. K-kanuocmpo xe 00Ka3as, Ymo OHA H-HE uMeem p-pewieHus.

- Ml camu 3Haem, Ymo OHa He uMeem peweHus, - CKa3asa XyHma, HemeOoseHHO OW,emMUHUBAACH.
- Mbl xomum 3HaGMb, KaK ee pewame.

- K-Kak-mo mbel cmpaHHO paccyxcdaews, K-Kpucmo... K-Kak e UcKamoe peweHue, K-Ko20a e2o Hem?
b-6ecmobicauya Kakas-mo...

- 38uHu, Teodop, HO 3MO Mbl CMPAHHO PACCYXHOaeWsb.
beccmbicnuya — UCKameo pewleHue, ecsiu 0HO U MaK ecme.

Peub udem o mom, Kak riocmyrname c 3000‘46’&, Komopasa peweHuUAa He umeem...

A.Ctpyraukni, b.Ctpyraukmi. lloHeOenbHUK HaYuHaemcs 8 cy6bomy.
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We fail more often
because we solve the
wrong problem than
because we get the
wrong solution to the dussl Ackof (19192009

was an American organizational theorist, consultant, and Anheuser-

righ t p rO b/em Busch Professor Emeritus of Management Science at the Wharton

School, University of Pennsylvania.

Ackoff was a pioneer in the field of operations research, systems
thinking and management science.
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If you ask the wrong question, it doesn’t mater how good
your answer s,

it will lead you into wrong

direction.

Wrong Useless
Question Answer

5 -

*_ https://www.youtube.com/watch?v=snOnTFBKRBO&Ilist=PLsJWgOB5mIMC8qFrlhr5gAlutMivDedvs&index=3
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efficiency is doing things
right;

effectiveness is doing
the right things...

Peter Drucker (1909 —2005)

was an Austrian-born American management consultant, educator,
and author, whose writings contributed to the philosophical and
practical foundations of the modern business corporation. He was also
a leader in the development of management education, he invented
the concept known as management by objectives and self-control, and
he has been described as "the founder of modern management".
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efficient vs. effective

EFFICIENT

. time - .
‘ 11 purpose How do we decide?
— What is the right
target?

? :
A '
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WHY

RESEARCHING FUTURE

2004-2019, KUCHARAVY Dmitry
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INVENTION and INNOVATION

WHAT IS THE FUTURE OF EMERGING TECHNOLOGIES?

Feasibility and Performance <« > Production and profitability
(e.g. km/kWh) (€, £ ¥%9)
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framework for planning and forecasting

data / information

Y
@@—» strategic plans @

A
are plans
consistent
with the
forecast?

A

Y

environment

forecast

Yes

implement plans
(tactic, operational)

outcomes / results <
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home computer in 2004: forecast of 1954

4
i{. e LI T TY
,)...f.' 9 v

Scientists from the RAND Corporation bave created this model to illustrate bow a “bome computer® could look like in the
year 2004, However the needed techaology will not be ecomomically feasible for the average bome. Also the scientists readily
admir that the computer will require mot yet invented techn to actually work, bat 50 sears from now scientific progress is
expected 1o solve these problems. With teletspe interface and the Fortran language, the computer will be easy to use.

Source: Umberto Cugini, (2014) KAEMaRT, Politecnico di Milano

Supported by \""Ctr!za epam
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WHAT? will be state of
cooper mining technology

WHEN? the next 35 years

WHERE? in Chile




Problems are more
important than solutions.
Solutions can become
obsolete when PROBLEMS 4
remain ils Bohr (1585-1962)

a Danish physicist who made foundational contributions to
understanding atomic structure and quantum theory, for which he
received the Nobel Prize in Physics in 1922

Supported by \"'Ctriza <epam>
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Researching Future methodology / basic components

Regression System

analysis / OTSM-TRIZ Dynamics / Economics / Knowledge

management

Logistic Curve models Limits of Cycles & Waves (rules and models)

models Resources

Y ¥ ¥ ¥ ¥
RESEARCHING FUTURE METHODOLOGY (RFm)

2004-2019, KUCHARAVY Dmitry
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size reduction technology

* cooper ore size-reduction technologies (until 2045 in Chile)
* size-reduction technologies life-cycle?
*  neXttechnology?

*  gaps of knowledge and path from today - neXt ?
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cooper production by country

World Mine Production of Recoverable Copper - 2010
(Tonnes = 16,072,917)

Chile |[

Peru

China

United States
Indonesia
Australia

Zambia

Russian Federation
Canada

Poland

Other ﬁ

Z 74 I

0 1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 6,000,000

Source: International Copper Study Group
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existing technologies

Solvent

Copper dissolved in
Solvent
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1. Identify

needs in
forecast

Go/
Not to Go

and key features

4.1.1. Define key function

of system

4.1.2. Develop multi-screen
description of system
(system operator)

!

4.1.3. Study of
contexts and
alternative systems

.

4.1.4. Analysis of
drivers and
barriers

CD TRIZ SUMMIT 2019

2. Prepare
—| project

researching future flowchart

3. Define

of system

4.1, Define
boundaries

4, Perform

5. Validate

project - project study developed
~ planning »| objectives ~ objectives > and develop " results »| results
of forecast
forecast

4.2. Develop 4.3. Capitalize 4.4. Analyze 4.5. Develop

logistic —» Set of limitation of | ——®|the time

S-curve models Problems resources diagrams
4.3.1. Reformulate 4.3.2. Define 4.3.3. Revise 4.3.4. Map
problems into —»|{critical-to-X —» | sets of —» | contradictions
contradictions features contradictions as network
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boundaries of system f——— = = —— —

________________________________________________
I i by CHANCADO |
' '

- crusher (3)

g (i ’//vﬁ‘a classifiers (3) EI
' VY Branam oo c

S f crusher l i SO RETRCH
/N I :

conveyers (5) Ii

_.,.,_. . I Iﬁ ‘.
\\“\“.\\a; stock piles - !
" —

PROCESS:
to <reduce> <size> of ore lumps

to <expose> the surface of |
mineral

particles [Cosser @]

____________________

as a part of process
to <increase> <concentration> of copper

,,,,,,,,,,,,,,,,,,,

<N
]
i !_ ol PLANTA CONCENTRADORA
e Zme e el J DE HUARAUCACA
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2004-2019, KUCHARAVY Dmitry

alternative technologies

CD TRIZ SUMMIT 2019

System

Primary

Conventional

Primary

Leaching

Primary Primary
Crusher Crusher Crusher Crusher
Secondary Secondary Secondary

Crusher

Crusher

Crusher

Tertiary
Crusher

Ball Mill

Ball Mill

HPGR

Ball mill

Regrinding

Regrinding

Regrinding

Ball or Verti
or Isa Mill

Ball or Verti
or Isa Mill

Ball or Verti
or Isa Mill

Tertiary
Crusher

Medium
particles

Small
particles
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multiscreen view

Fast: 35 Ieil’i

Presant

Future: 35 years

1. Mining site close to surfaf 1.
2, Process to increase conce 2.
{fiotation process); a lot

process control; 3.
3. Production of Cu process) 4.
no Quality manag.; low cq 5.
No existance of leaching | 6.
5. Tails disposal system (

Mining site;

Process to increase concentration
of Cu [flotation process);
Production of Cu process;
Trading of concentrate;

Tails disposal system;
Production of Cu cathodes
(leaching process)

N mining sites- underground
levant
ase concentration of Cu ¢
ation [ leaching?
u concentrate with higher
gulations and traceability.
nergy for water).
entrate, carbon footprint, reach

regulations);

imilar?;

-
-small electric motors;
“nowrap around

-small, less eff. gear boxes
-small crushes

- small mills;

More regulations in tails disposal system;
greater concern about water and energy,
More automation and remote control

Over 95% of Copper deposit will be primary
ore, secondary enrichment and oxides will be
almeost extinguished

Most of the Copper deposit will have a very
high hardness which will make the SAG Mill
technology very unefficient.

| 5.
-electric motors; 6.
-wrap around; processes
i 7.
8.
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1876

E “"ater 5”""1”" fmm "fare!'t oI 9. Leaching technology for primary ore should

e nCe L LA ER S i o) k be alot more efficient.

SMa -,‘- IMps {NUMEarous) wimh

conveyers (Lra
Iy ApaCily {5 oy
o I|| < i i T s B I". H |
- L More reg
; [ 4K |
2011 2046

Supported by

Y

triz

cLUB
MINSK

<epam>




researching future flowchart

1. Identify o 2. Prepare ogect 3. Define roject :t.ul;irform o | 3 Validate
; 0 ; S | ___develope
needs in Not to Go | Project planning — | objectives objectives ™ and develop ecutts | results
forecast of forecast
forecast
4.1.1. Define key function
and key features
of system ‘
¢ 4.1. Define 4.2. Develop 4.3. Capitalize 4.4. Analyze 4.5. Develop
4.1.2. Develop multi-screen boundaries logistic Set of limitation of | ——®the time
description of system of system S-curve models Problems resources diagrams
(system operator) -
4.1.3. Study of
contexts and
alternative systems
¢ - 4.3.1. Reformulate 4.3.2. Define 4.3.3. Revise 4.3.4. Map
4.1.4. Analysis of problems into —®{critical-to-X | —P|sets of —» [contradictions
S”V?"S and contradictions features contradictions as network
arriers
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cumulative production of fine copper (99.99%) in Chile

Total Production of Fine Copper in Chile

100.00

Total Production of Fine Copper in Chile ! /
300000 T r %

/_,-——- 10.00 ; /
250000 =
:
i 1.00 % §
= g
200000 1 2
£
E 150000 _— —_—
=
100000 r | | |
| |
001 ! 19%
1860 1980 2000 2020 2040 2060 2080
50000 year
[+ Gomuiaiv G produeon] Applied data series are for period 1991-2010.
 Jeri ‘ ' Estimated upper limit of growth (K) is about 297,750.4 kt;
1960 1980 2000 2020 2040 2060 2080 . . . .
your midpoint of growth trajectory (tm) is about 2015.6 year;

characteristic duration of growth (At) is about 49.5 years.
Rsg=0.99
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what will be the lifecycle of size-reduction technology?

Fine Copper production in Chile, by alternative technologies

100.00 99 %
L 2
|
v
A
10.00 1 1 T 1 1 1 90 %
)
>
E
= c
= 1.00- t50 % S
= o
= ]
®
w
0.10 10 %
0.01 - 1%
1990 2000 2010 2020 2030 2040 2050

year
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researching future flowchart

1. Identify So 2. Prepare —_— 3. Define — ;lt.uzirform PP 5. Validate
= 0 . z . evelope
needs in Notto Go ¥ project planning_’ objectives <)bj‘3Cti‘/€5‘»_> and develop results % results
forecast of forecast
forecast
4.1.1. Define key function
and key features
of system
L 4.1. Define 4.2, Develop 4.3. Capitalize 4.4. Analyze 4.5. Develop
4.1.2. Develop multi-screen boundaries | —|logistic Set of limitation of the time
description of system of system S-curve models Problems resources diagrams
(system operator) y
4.1.3. Study of
contexts and
alternative systems
$ - 4.3.1. Reformulate 4.3.2. Define 4.3.3. Revise 4.3.4. Map
4.1.4. Analysis of problems into — critical-to-X —» | sets of —» | contradictions
grlvt_ars and contradictions features contradictions as network
arriers
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Problems are more
important than solutions.
Solutions can become
obsolete when PROBLEMS 4
remain ils Bohr (1585-1962)

a Danish physicist who made foundational contributions to
understanding atomic structure and quantum theory, for which he
received the Nobel Prize in Physics in 1922
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WHAT?

WHEN?

WHERE?

CD TRIZ SUMMIT 2019

[10. Need of Financial "f’”"‘ [US$/ton-year]|

e

Low

4
PR |

17. Level of concentration of

3. water amount per fine Cu [m3/ton] s&&um" of
| 3 main manufacturers]
s ‘ow/
\ — //\ 8. Level of specialization of
[ Energy rate [KWh/ton]| 1. Energy Consumption [Kw-Hr] §. Cu Grade [%] In ores maintenance techaicians (US$/HH]
A

o <~

5. Impact in Plant Performance

[Cu ton/year] G

/ b ‘
| HIGH HIGH
. ?,-;--—/‘
———, N\ [ [9. Impact in Plant Production of
| Preventive Maintenance
L [Cu ton/year)
| N /
HIGH LARGE | | Low Low
( 5 N

—T399%

100.00 7= %
1 -
= 1
¥ I
A
|
490% E
10,001 + : : : 1 90 % et
= -450%
2 e
= -
< c
= 50% S
= ]
5
8
w 7 410%
10 %
—d e
2010
1%
2050

year

Supported by \"'Ctriza C
N

MINSK

12 Develoy
1Rz Deveiopers

Cad

MM\




lists of problems

# Conventional SAG HPGR LEACHING
High energ nption and b ; .
'8 ohgrpyconsump |onarw RRRET Highest energy consumption : Notwell controlled
1 |ofequipmentgeneratesa high carbon 4 : No problem with water.
; generates de highest carbon footprint. process.
footprint.
Lack of energy efficiency because of _
- : : . Lowest energy efficiency because of - S i
high number of electric equipment with | ’ o No problem with financial Need of a large surface
2 s : high energy consumption of SAG :
low efficiency electric motors and Ehills resources. available.
distribution systems. ’
Thereis a lot of water losses duringthe |Thereisa lot of water losses during Lack of experience in Copper
3 A Low Copper recovery.
process. the process. application.
High ber of i ent and High ati | tsb f
y Ll U.O o el el e e b Sl No problem with maintenance |Poorsafety conditions for
4 |interconnection systems makes very complex control systems and
. - ors : S costs operators.
complex engineering facilities. maintenance costs for SAG mills.
Energy consumption and higher
number of operators due to higher High impactin plant performance of Higher probabilities of failures |Nota good option forores
5 |numberofequipmentand less availahility and productivity of SAG inoperation because of higher [with high percentage of
automation control makes operational a human intervention. Cu.
coststhe highest of four technologies.
Needs of a large operational period : ; Reduced availability of Restrictions of special
S Not a good option for ores with low BT L . ; e
6 |because of highinvestment costs for specialized technicians in Chile |temperature conditions for
percentage of Cu. : g
pay back. for HPGR. bacterial leaching.
Large footprint because of high number [Cconcenuaea imausiry o1 saa mins Concentrated industry of HPGR - :
7 ; Largest processingtime.
of equipment and large process net. manufacturers. manufacturers.
Higher probabilities of failuresin . - e Preventive maintenance of
. : Highly specialized technicians for = e ;
8 |operationbecause of higher human 3 ) HPGR has a high impactin
: : maintenance assistance. :
intervention. plant production.
Higher maintenance costs because of : : E :
.g : 2 Preventive maintenance of SAG mills
9 |high number and different kinds of Sl : 3
: has a high impactin plant production.
equipment.
10 Need of the highest financial

resources of the four technologies.

CD TRIZ SUMMIT 2019
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an example of contradiction

SAG
5. Contradiction for Plant Performance
High impact in plant performance of availability and productivity of SAG mills.

R1-: More SAG units required for higher reliability
Less Reliability

' More investment cost required for higher reliability
More maintenance cost for high standard of
reliability

V: High (Cu Ton/year)

R2+: Thereis a low surface footprint

Impactin Plant Performance Desired result
(Cu ton/year)
\ R1+: Qty of equipmentis O.K. — Enough reliability.
No extra investment costs required.

No extra maintenance cost required.
A: Low (Cu ton/year) as : qut

R2-:
There is a high surface footprint

CD TRIZ SUMMIT 2019 Supported by
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map of contradictions [SAG-technology]

LOwW

2. Energy rate [KWh/ton]|| 1. Energy Consumption [Kw-Hr]|

HIGH

CD TRIZ SUMMIT 2019

Low

Low

| 10. Need of Financial Resources [US$/ton-year] |

/\

3. water amount per fine Cu [m3/ton] |

SMALL
6. Cu Grade [%] in ores
\ HIGH
A

B —)
4. Operational costs [US$/ton] I

P N,

Environmental Impact

7. Level of concentration of
SAG manufacturers
[% of market of
3 main manufacturers]

LOW/ \

8. Level of specialization of
maintenance technicians [US$/HH]

HIGH

9. Impact in Plant Production of
Preventive Maintenance
[Cu ton/year]

HIGH
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what will be the neXt technology? (list of features)

FUNCTION : <EXPOSE> THE SURFACE OF MINERAL PARTICLES

features of future system

1. Operational Availability will be as high as actual values for HPGR;

2. Energy Consumption will be less (or equal) to 8Kwh/ton feed (best of available today)

3.1 Water Consumption will be less that 0.01 m3/ton feed
3.2 Carbon Footprint will be less (or equal) to 2 TonCO2/Ton Fine Cu

3.3 Surface Footprint will be lower (occupy less area) in m?, i.e. less than actual values for SAG, or HPGR

4. Accident Rate will go beyond the actual value of HPGR, i.e. it will decrease

5. Investment Costs will be lower, i.e. similar to actual values for LEACHING (USS/ton-year)

6. Maintenance Cost will be similar (or less) to actual values for LEACHING technology today (0,3 USS/ton)

C:) TRIZ SUMMIT 2019 Sperizdl By \“'ctri,za <E[lam>




relevant changes in super-systems (system operator for Chile, in 35 years)

1. Lower percentage of Cu in ores, near 0,4% (average)

2. Over 95% of Copper deposit will be primary ore, secondary enrichment and oxides will be almost extinguished

3. Greater volume of ore to process will make distances larger and time longer for transportation

4. More automation and remote control processes

5. Increase in operational costs if trading prices increases
6. Most of the Copper deposit will have a high hardness which will make the SAG Mill technology very inefficient

Family of neXt technologies:
What will be the conditions in the mining sites in future? Deepness of mining, % of Cu in ores, hardness of ores, size
of mining sites (proven reserves)?

CD TRIZ SUMMIT 2019 Supported by l"'triz <gpam>
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researching future flowchart

- 2 4. Perform :
1. Identify ol 2. Prepare s 3. Define —— stud?/ 5 —— 5. Validate
: 0 : Sy ____develope
needs in  [— ot go | Project ~ planning | ObjeCtiVes |— jpjectives | g develop Cesults | results
forecast of forecast
forecast
4.1.1. Define key function i
and key features
of system .
¢ 4.1. Define 4.2. Develop 4.3, Capitalize 4.4, Analyze 4.5. Develop
4.1.2. Develop multi-screen boundaries | —» logistic — P Set of limitation of | ——®{the time
description of system of system S-curve models Problems resources diagrams
(system operator) -
4.1.3. Study of
contexts and
alternative systems
¢ . 4.3.1. Reformulate 4.3.2. Define 4.3.3. Revise 4.3.4. Map
4.1.4. Analysis of problems into — critical-to-X —» | sets of —» | contradictions
g”\’?rs and contradictions features contradictions as network
arriers ’
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rom maps of problems to roadmaps

[ mequired surtace (ma1 |

- =
3. Eopper Recovery [Tons of Cu/Toes of Ore] | Low

e

Analysis of Roadmap of

Contradictio Limiting next
ns Resources Technology

element feature demand cause Limitng Activities (name of projects)| Exploraton total time, |  lotes Source
fme | fiontme | months

‘The leaching process has a very

1P Control 1 ligh l¢. Safety Condtions [#] poor process control in the leaching
pile. There are projects in the

implementation phase for contrulling

1. process control g low Investment 1) Skiled vorkers | what happens in the surface ofthe 5 e | Estmation
and2)Time | pile, but the reality of the inside of fom CBC
1. Process controlf#] Jign /6. Temp_Conditions (Temp. Range] the pie remains uncontrolled. Thers.

is an estimation that in 5 years fom
nowthers wAll be solution for a real
improvem ent in process cortrol

1 Process control 1] gh Performance
[T-Fcess Conral s g5 Copperecmvery Tors oTCToms o7

There are aiferent pojects in the.

face (2] lLarge |3 Copper Recovery [Tons of CuTons of 01 phase that wil be

implemented i the Plowing years

Required Surface (m2] Small |4 Safety Conditons [#] & and that will hawe 55 3 fesult an

improvement in (same Estindion
industrial aptituce) | production for a reduced surfice) fom CBC

l2.Required Surface [m2] Smal Iinvestment

1. Process Control ]
[2 Required Surface (m2] lLarge __|Performance

[Bacter penelic modifeation L |
[Bacteria ccosysiem modification T |
[Concentraied ore feaching e 0]

[2-Required Surface [m2] [Environmental mpact
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what is a path for implementation of new technologies?

ROADMAP FOR SAG TECHNOLOGY

Sea water projects (use of sea water in industrial mining process) and desalination plants.
In the presant 10% of water demand is satisfied by this two technologies. By year 2020 will be 25%

e o -
Perrurmance < :

P — Higher level of specialization of maintenance technicians and a reduced impact in plant production
B. Level of specialization of of preventive maintenance due to a higher level of automation and predictive maintenance in the following years

-
- 1 maintenance technicians [US$/HH] Today there is an average of 30% of total operati costs far
2 In 10 years from now we estimate that it will fall to a 27%
> . T i i — | T W —  —— T
Energy | 5. Impact in Plant Production of Higher level of specialization of maintenance technicians and a reduced impact in plant production
< t . of preventive maintenance due to a higher level of automathon and predictive maintenance in the rO"OWIng years.
b P 1 Prevenélve Maintenance Today there is an sverage of 30% of total operational costs for maintenance.
| [Cu ton/year] In 10 years from now we estimate that |t will fall to @ 27%.
| | Investment HidroAysen total of 2.700 MW
13 h - ¢ — | 1. Energy Consumption [Kw-Hr]| Other Hidroelectric generation plants 2,500 MW
! 11T 1k (Cuervos, Coigues, Skyling, Nido de Aguilas, Angostura, Meltume; Magqueo, La Cuesta, Melade)
] Mebrabi e it
\ 7 ore efficient equipment and processes. Near 9% of more efficiency in mining industry in the next 10 years,
4 Mare eff quipment and pi Near 9% of fliciency g industry in th 10 y

A < b 1 —1 Energy rate [KWh/ton] The same projects before of about new hidroelectric piants of 5 200MW by year 2025 and new NCRE projects

il 1—4 " That means hess than 50% of electrical generation will be thermal

fy ! | t 7. Level of concentration of i I I i
E, | 11 fg i —a i i | - 1 | SAG manufacturers The level of concentration will increase and finally
Safety/ [ \ . WA NN - [% of market of there will be no SAG manufacturer in 20 years from now.
: e 4 ! | i A bt !
Security | AR | 3 main manufacturers] o
{ } i w — i | { | 1 Lr_'a.bchln.u DI'UCE‘S.S demands less water and its a‘pplltatluﬁ is E‘Iddt‘;li.lﬂt‘l’_‘ for low Cu ﬁ’adés )

J 1A ¥ | So there are different R&D activities for improving process efficiency that are explained in this technology.
F A UWigh g _ | {1 There are not relevant RAD acti

ties to overcome the limitation of low copper grade for this technology. [0
&l { \ So does HPGR for its lower operational costs, 8
W \ [ | I I
Investments KHs | | . = —F—
» hwed—~-4 1 1 B8 1 | i 1 : et | ——Rem— 1 1 1 NN | | -
” i - +—t—t—F == There |s no way for low copper grade in SAG technology.

| I Leaching process and HPGR, (both of them together also) is the answer

10. Need of
Financial Resources

u - R e e e S T e TR T e e L S T S S S
m‘g& | | . 1| | |Acombination of Limiting Resources of Element-features 1, 2, 3 and 4 [US$/ton-year]
< { | SN 1 1 | + 5 Soni = s

2025 2030 2035 2040 2045

2012|
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size-reduction technology substitution

Fine Copper production in Chile, by alternative technologies

100.00 99 %
L 2
|
v
A
10.00 1 1 T 1 1 1 90 %
)
>
E
= c
= 1.00- t50 % S
= o
= ]
®
w
0.10 10 %
0.01 - 1%
1990 2000 2010 2020 2030 2040 2050

year
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The ultimate test of the
forecaster is an accurate
and reliable forecast not

the elegant or easily ,.
applied method Theodor Modis

Physicist, futurist, strategic analyst,

and international consultant
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all models are wrong,
but some are useful

George E. P. Box (1919 —2013)

...statistician, who worked in the areas of quality control, time-series
analysis, design of experiments, and Bayesian inference.

He has been called "one of the great statistical minds

of the 20th century...
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THANK YOU

Dmitry KUCHARAVY

dk.seecore@gmail.com
WWWw.seecore.org
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