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Context of example
Outline

2Introduction : context of example



1. Forecasting with S-curves

2. Contradiction analysis

3. Combining the analysis
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Mechanical Chemical (leaching)

4Introduction

Solvent

Copper dissolved in 
Solvent



Copper Ore Size-Reduction Process 
technology substitution (until 2045, in Chile)

1. Size-reduction technologies life-cycles?  

2. neXt technology after crushing and grinding?

3. Gaps of Knowledge and path todayneXt?
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Simple logistic
LSM
Questions about future

6Niveau de plan



7Forecasting with S curves



8Forecasting with S curves

Present Present
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en?

Forecasting with S curves

What 
improvements?

Present



Developping features and 
challenges for the future of 
competing technologies 
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Logistic models System evolution 
contradictions analysis

 Underlying competition 
among elements of a 
system (population) 
under limited 
resources

 Links system and 
components

Essence of TRIZ: 

Recognition that 
technical systems evolve 
towards the increase of ideality

 by overcoming contradictions
 mostly with minimal 

introduction of resources. 
………..

Adapted from
Toru Nakagawa (Osaka Gakuin Univ., Japan) 

May 16, 2001 

11Contradiction based analysis

Harmonize



12Contradiction based analysis



13Contradiction based analysis

R1‐:  Low productivity of mills. 

R1+:  High productivity.

R2‐:  High environmental impact. 

R2+:  Low environmental impact.

water amount per fine Cu 
(m3/ton)

Desired result

Λ: large (m3/ton)

V: small (m3/ton) 

SAG
3. Contradiction for Water amount (partial)
SAG technology needs large amount of water, a resource that is 
scarce
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Productivity ton/year high 50 70 100 20 100

Performance Productivity ton/year high 50% 70% 100% 20% 100%

Performance
operational 
costs

% low 16% 17% 33% 100% 100%

Performance

versality for 
different 
copper ores

% high 58% 42% 83% 17% 100%

Performance 41% 43% 72% 46% 100%

Better 
Future 
Value

Group Indicators
 Unit

Best

Actual Value
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Performance
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Performance

Energy

Investment

Maintenance

Safety/security

Environmental
impact



List of 
problems

List of 
contradictions

Critical to 
substitution 

features

Contradiction 
Maps

Resources 
Analysis

Roadmap of 
technologies
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List of 
problems

List of 
contradictions

Critical to 
substitution 

features
Contradiction 

Maps

Resources 
Analysis

Roadmap of 
technologies
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List of 
problems

List of 
contradictions

Critical to 
substitution 

features

Contradiction 
Networks

Resources 
Analysis

Roadmap of 
technologies
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21Niveau de plan



Logistics 
outputs

Contradiction 
roadmaps

System 
operator

22Tuning the 4 W



23Niveau de plan



 Combined use of logistic models and TRIZ 
based qualitative models
◦ Simple logistic – LSM
◦ Systems operators-Contradiction

 Similar philosophical evolution assumptions

 Qualitative framework can be used for 
monitoring and updating forecast

 Identified problems can become inputs in 
R&D context
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