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2 POLITECNICO DI MILANO

\ro°

B Established in 1863

B Organized in 12 departments (devoted to research) and a network of
Schools of Engineering, Architecture and Industrial Design spread
over 7 campuses over the Lombardy region

B Ranked as one of the most outstanding European technical

universities
% 48t World Engineering & Technology 2012 o
. o WORLD
*»» 14th Europe Engineering & Technology 2012 UNIVERSITY
*» 1stltaly Engineering & Technology 2012 ——— RANKINGS
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Gaetano Cascini —short resume J70°

m 1999 : PhD in Machine Design — First acquaintance with TRIZ
M 1999 -2008 : Assistant Professor at University of Florence
H 2008 — now : Associate Professor at Politecnico di Milano
B Past

«» 2003-2005 : Founder and first President of Apeiron, the Italian TRIZ Association

% 2005-2009 : Founder and Vice-Chair of the IFIP 5.4 Working Group (Computer-Aided Innovation)

% 2006-2009 : President of the European TRIZ Association
m Currently:

< Coordinator of the Marie Curie Project IAPP (PIAP-GA-2011-286305): L [/}

oordinator of the Marie Curie Projec ( ) ".FORMA T

FORMAT (FOrecast and Roadmapping for MAnufacturing Technologies) Forecast and Roadmapping
...for Manufacturing Technologies

Member of the Editorial Board of the Journal of Integrated Design & Process Science

Member of the Editorial Advisory Board of the International Journal of Design Creativity and Innovation

Member of the ETRIA Executive Board

Chair of the Computer-Aided Innovation workgroup and Publications and Events Officer of the TC-5

Committee (Computer Applications in Technology) of IFIP (International Federation for Information

Processing)

Author of 120+ papers presented at International Conferences and published in authoritative Journals

Author of 13 patents (assignees University of Florence, Whirlpool Europe, Bracco Imaging, Logli, SCAM,

Meccaniche Fiorentine, Otlav, Politecnico di Milano, Saes Getters, Rold)

J/ ) K/ R/
0‘0 0‘0 0’0 0’0

) )
0‘0 0’0
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Outline 1.0°

B Introduction
*** Innovation, opportunities and threats

*** Innovation, Market and the Society
B Anticipating future innovations

** Technology Forecasting, scope and approaches
** TRIZ-based Technology Forecasting

B FORMAT project

** Aims and partners
‘ O O
** Reference models and partial achievements

¢ Case Study: Chilean Mining Industry
W Conclusions
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Introduction 17,0°

Technology Forecasting:
. 2o

RPKs 2010 to 2030

i trilgns

L N

L

—
e s

Current Market Outiook | = ‘\
2011-2030 H\\_ ——
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Introduction 1.0°

M Innovation, Opportunities and Threats

¢ From basic research, to market exploitation

rechnoloay P st B B = e L
Y e Eurfiire E Peiscloact
LR v
Rashslogimasnd
CGiasH FLOW
i
LEd
— )
=X
B
=
:'I Laurky dchogHlars il
'] Fim. | -
"; L T o ik Y r/ _:' Eaily Mapnriiy . E'ﬁ'LL:"
-'i'l E TIEAE
Cosh Flow
“Walloy of Deoath™
4o x & —a
Entsapronasrial
TYPICAL :::ﬂ?;: and Sood/Angel  Soite Stock Ownors
PRIMARY Inaa A iR £
IHUE ETDHS e A T TR T R L B e ey —
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source: US Dept. of Energy

© 2013 Gaetano Cascini — gaetano.cascini@polimi.it - I POLITECNICO DI MILANO




Introduction

8 POLITECNICO DI MILANO

YV0°

M Innovation, Opportunities and Threats

¢ From basic research, to market exploitation

- E

Science E

Cash flow

“Valley of Death”
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Introduction 17.0°

M Innovation, Market and the Society

*** Role in the Society and time perspective

OKAY, SO 1 LIED |
- GET OVER IT!
)V

-

next
14
quarters

VOTE!
Businessman

Politician

R&D
Innovation
Manager

Scientist
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Introduction 17.0°

M Innovation, Market and the Society

*** Role in the Society and time perspective

Innovation

“‘---IIIIII....
]

Problems:
-finite amount of

making existing
problems of the society
evident

- conflicting

of
different segments
of the society

Society
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Introduction

M Innovation, Market and the Society

*** Reflections (4 causal steps)

Anticipating
which

Mapping resources R
Anticipating L
the current lack Anticipating
what

situation what
problems

(technology market

the society

Anticipating f
ace

market) which
expectations
conflict

demand
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Introduction 17.0°

B An example Best Practice from IBM

Since 1982, IBM Research has marshaled the unique
capabilities of its worldwide community of top scientists to
create the Global Technology Outlook (GTO).

The GTO is a comprehensive analysis that looks three to ten
years into the future seeking to identify significant, disruptive
technologies that will change IBM and the world.

The completed GTO is used within IBM to define areas of
focus and investment and is shared broadly with a range of IT
influencers, including clients, academics, and partners,
through education programs and client briefings.

GTO is not GTO is not
. driven by 100M$+ investments
business based on GTO

GTO is not
predicting is difficult

© 2013 Gaetano Cascini — gaetano.cascini@polimi.it - I POLITECNICO DI MILANO
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Anticipating future innovations 17,0°

B Technology Forecasting, scope and approaches

+** Technological forecast:

o a comprehensible description of emergence, performance,
features, and impacts of a technology in a particular place of a
particular point of time in the future

o (What? When? Where? Why?)

*¢* Prediction:

o a statement made about the future, anticipatory vision or
perception. This statement is mostly qualitative

o (What? Why?)

source: Dmitry Kucharavy
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Anticipating future innovations 17,0°

B Technology Forecasting, scope and approaches
¢ Types of forecast:

Creativity

vBr_alnstonmr;g Interviews Trend Analysis
ision generation Long wave analysis
Creativity workshops Focus Groups 2 o

Delphi Precursor analysis

Trend extrapolation

TRIZ

-—"""_‘__—_———7

< Monitoring and Intelligence Methods
Monitoring

Trend Impact Analysis

Bibliometrics

—

Statistical Methods
Correlation analysis
Demographics

Cross-impact

analysis
Modeling & Simulation W
Scenarfo-sfmu!ati}'* Agent modeling

Causal models
Diffusion modeling
Complex adaptive system modeling (CAS) [Chaos]
Systems simulation [system dynamics, KSIM]
Technolegical substitution

Economic base modeling [input- 7
output analysis

Valuing/Decision/Economics Methods
Action [options] analysis
Cost-benefit analysis [monetized and other]
Decision analysis [utility analyses]

Descriptive & Matrices Methods
Institutional analysis
Innovation system modeling
Checkiists for impact identification
Roadmapping [product-technology roadmapping]
Social impact assessment
Multiple perspectives assessment
State of the future index (SOFI)
Morphological analysis
Organizational analysis
Analogies

Relevance
trees

Source: Phillips, Heidrick, Potter
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Anticipating future innovations 17,0°

B Technology Forecasting, scope and approaches

** Types of forecast: cumulative appearance of articles

o
o
-l
-
| Delphi forecasting, 1970 |
8 f'_"Grnwth curve" forecasting, 1970 |
G
m
ek}
o
o
m ...’.._ —_— _— - - -
& .\ "Expert Panels" forecasting, 198_2|
% / f,TRIZ forecasting, 1997
2 . :
=
8]
« Time
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.. . . . 0.
Anticipating future innovations 17,0

B TRIZ-based Technology Forecasting

Salamatov Y.P (1984-1991)*: Directed Evolution (Zlotin, Zusman, 2001)
wave model (bell-shaped running curve)

Today is a Key to Understanding
the Past [History)

Understanding the Future is a Key
to Controling Evolution

| weignt, w
¢ | volume, v Law of Transition to bi- and 0 P . 1 Aas 4. Decisi aalea
2| Powere Harmonization poly-systams 1. Collection of historscal data CLEN Makng
¢ (non-linear operation of
5 ‘components) o P
g Law of Energy Law of Transition to g ] e 4 A
2 Conductivity in the Super-system . "
& systems y (autonomous operation Controlling Evelution
r y of sub-systems) is a Key to Success
y
4 Law of Transition to —=y
the Super-system 4
Law of System s (convergence of the ¢ Clﬂ_';)_('_,-
Completeness N parts of system) .
X SUpporting the process of evolution
2 \'""'-—*- —_——-k 3 )
- J
NS ey
E 2. DE Dhagnosics i, Symthesis of wleas
| The Past is a Key to Understanding the Future |

w of Irregularity of System's Parts Evolution

Performance, Time

(Mann 2003) Evolution Trees (Shpakovsky, 2006)

Evolutionary Potential

t mm | | i I
) 1 iy Beaning Assambly >3 & I 4 ;-
< nm % | w1 | 2 |
) = _— w g rl.“,-:-[.':
o1 BN | S02E2 290iEl
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wigs ) |3 aiIgRl 99 gLu
':'!'r:' P DE §YYe & 17 01T E
m | 1 i) 'I
5188 ool ..
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"' Forecast and Roadmapping

for Manufacturing Technologies
www.format-project.eu

B General Info
*** Project Duration: 48 months (Jan 2012-Dec 2015)
¢ Contract Number: FP7-PEOPLE-2011-IAPP- 286305
+*»* Total EU contribution: 1,690,454.00€

** Partners:

mﬁ‘@ 0 ovation

=nglheerln
g g

Inspire Improve Impact
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B Objectives

** The FORMAT project aims at developing an innovative
forecasting methodology supporting decision making in
Manufacturing Industries, facing and answering the 3
perspectives:

o 1. Product Evolution: the design of new products can require new
process technologies for the product itself to be manufactured;

o 2. Technological Evolution: technological pressure leads to
changes and improvements in the manufacturing processes for
guality improvement and reduction of resources consumption;

o 3. Organizational Evolution: new regulations and industrial
strategies can imply changes in the manufacturing processes, e.g.
in terms of productivity, personnel employment, integration etc.

© 2013 Gaetano Cascini — gaetano.cascini@polimi.it - I POLITECNICO DI MILANO
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FORMAT Proje:

W

S 4

F—

o

9 Mew processes are the

b . . = consequence of a
T . . =
. O J ECtlveS Q intrinsic improvement of

L?.l 4 existing technology
= I
U‘l I
o : E.g. Nanoceramics pre-

o ] treatment as a substitute of

_‘:: X phosphate based treatment;

E : Uftmmunddeamﬂ; Mew processes are the

| consequence of a
\ requested feature in the
product.
2 E.q. new application process
;s..\ for IXELIUM
o -
. 7
X K The ideal direction: new J _ lution i
K processes achieve a Product Driven Evolution line

substantial gain in each

o dimension _

New processes are the
" consequence of a strategic
organizational need.

E.g. Laser Marking asa
substitute for Pad-printing in
order to reduce lead time
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B Reference models and partial achievements
*** Researching Future Methodology (D. Kucharavy, 2008)

Logistic
Curve
models

KnﬂerdEEr | OTSM-TRIZ
manageimean |
2 | RESEARCHING models

FUTURE

Waves and | | Limits of
Cycles Resources
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B Reference models and partial achievements
*** Researching Future Methodology (D. Kucharavy, 2008)

A ldentify
C. Define D. Perform
needsin | | B.Prepare| | objectives [ | analysis | » E.Validate | | Apply TF
Technology project of TF o results
Forecast (TF) develop TF
r' o
0.1.1. Define Key
Functions and
| Key Fealfures
-~ Y
D12 Law of
Syslem
Complateness . i
Description 1. Define 0.2 Capitalize 0.3, Analyze 0.4, Build the
Bowundaries of |——# St of 1 limitation of #| Time Diagram
. * . Systen Froblems MesOUNces (timing}
D.1.3. Impact
Analysis of
Contexts and
Altermatives )
¥
(D.7.4. Analysis of T HES B D.2.3. Revise Sefs
Drivers and Dmc‘a.rrfer_its_ into Critical-lo-X of Contradictions
Barriers Contradiclions Fealures
| (discontents) | Sk
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B Reference models and partial achievements

+»* Stage-Gate Process Model for Technology Forecasting

Legend - Detailed
. Motivation N
Identify the needs Prepare the TF Objectives and
for the TF: .
ofthe TF Project Plan of the TF
L Go/NoGo
Activities

Project

(Methods and Tools are
suggested, but are not
mandatory)

Build a model of the
Current
Manufacturing
Process (MP)

Boundary,
Drivers
and Barriers of
the MP

Forecast the R

Problemsthat the
\_MP willface with )

Network of
Problems

Internal

Outputs e ~ t O
(Standard Envision Evolution erwork o
> Evolutionary
Format ofthe MP
' 9 ) Trends
mandatory)
( N

- Quantitative Trend

Extrapolation
\_ J

Logistic
Regressions

Outputs and
Decisions

(Standard Reconciliate the Validated
Template, Knowledge about Techrolo Prepare the TF FORMAT
mandatory) the TF and assess Fore castgy Report TF Report

limits of validity
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B Stage-Gate Process Model for Technology Forecasting

Detailed
Objectives and
Plan of the TF
Project

Identify the needs Motivation

ofthe TF

Prepare the TF
Project

for the TF:
Go/NoGo

** |dentify the needs of the TF

o What are main objectives and expected outputs?

o How it will be applied for decision making process?

o Can we satisfy formulated needs without TF? = Go / No Go
¢ Prepare the TF Project

o What are available and necessary resources to perform study?
What is an optimal time span to realize project?

0
o Who are clients, core team, and necessary external participants?
o What are the specific objectives of the TF project?

o)

What questions should be answered? =2 Detailed plan of project

© 2013 Gaetano Cascini — gaetano.cascini@polimi.it - I POLITECNICO DI MILANO
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B Stage-Gate Process Model for Technology Forecasting

Build a model of the
Current
Manufacturing
Process (MP)

[ Process#1 | [organization | [enviroment]
ives Leve Sustainahilli‘l){ Lev{[j;

Process Technological Alternatives Level

Hierarchical Level

rocess #i

Pr

[ e ||

Legend

el nd Er level Process level Product level
Casomte st
Tech Tech
Organizational and Environmental Praocess Promses ust
Evaluation Parameter Evaluation Parameler g ™ Toc. Parameter
EPx - (black £ol0F) Tomm T lml EP* {purpla colon ) Pt {blue collor)
Toch.
L I 1

Source: Becattini N., Cascini G., Nikulin C.: “Modelling the dynamics of products and processes requirements”,
13th TRIZ Future Conference, Paris (France), 29th—31st October 2013.
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B Stage-Gate Process Model for Technology Forecasting
| Forecast the

Problemsthat the

MP will face with

Sub-Problem 1 } [ Sub-Problem 2 HQuestionsto Experts}

Questions to Experts}

Network of
Problems

| i 4

Nikolai Khomenko

New Sub-Problem

Khomenko N., De Guio R., Lelait L., Kaikov I., 2007, “A framework for OTSM-TRIZ Based Computer Support to be used in
Complex Problem Management”, Int. Journal of Computer Applications in Technology, Vol.30(1-2) / 2007, pp. 88-104.
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B Stage-Gate Process Model for Technology Forecasting

Envision Evolution
of the MP

etwork of
Evolutionary
Trends

PDG, DG, HSG: Flake
crushing

eeeeeeeee

Trend:
- Geometric evolution

Trend:
- Geometric evolution

- Rythm co-ordination
- Mono-bi-poly

Cascini G., Rotini F., Russo D.: “Networks of trends: systematic development of system evolution scenarios”, 8th ETRIA
TRIZ Future Conference, The Netherlands, November 5-7, 2008 - Procedia Engineering, Volume 9, 2011, Pages 355-367
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Logistic
Regressions

Quantitative Trend
Extrapolation

K @

B Stage-Gate Process Model for Technology Forecasting

N (t) = [ 1 (81) ) //I-(
-log| - J(t-t ] D T
1+ el 1°8G)(Ftm)] — 2Ty
Meyer (1994) % /
Growth under competition E. . /
e Natural growth of autonomous systems in g |
competition might be described by LOGISTIC ol Forecasted
EQUATION and logistic S-curve g period
e Natural growth is defined as the ability of a » | , &
'species' to multiply in finite 'niche capacity' /-/'
. , ) Wo¥ tm
* For socio-technical systems the 3-parameter ) L_o-0-0 _ |
2000 2020 2040 2060 2080

S-shaped growth model is applied for describing 1520 1940 1960 10
"trajectories"” of growth or decline in time
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B Stage-Gate Process Model for Technology Forecasting

Quantitative Trend
Extrapolation

Logistic
Regressions

new-to-the-world new market
penetration
E "E — E —
E z
g z /B g
: £ / 3
: E 7 z
E 5 £
51 | 5 &
E E g
a £ o 2
gl g $
Time: months, guarters, years Time: months, quarters, years Time: months, quarters, years

Source: Dmitry Kucharavy
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B Stage-Gate Process Model for Technology Forecasting

Quantitative Trend
Extrapolation

Market Cumulative Growth of Product XXX

200000

(1) Saturation: 178375.9 (158978.4.199828.1)
Midpaint 2010 (2009.8,2010.8)
Growth Time: 11.2 (10.4,12.1)
180000
180000
.
wo;  China
120000
100000
80000
@0000
40000
20000
0

1990 1995 2000 2008 2010 2018 2020 2028 202

millions of liters

% error

20000

£0000

70000

0000

2
8
g
8

40000

20000

20000

10000

Regressions

Logistic

(1) Saturation: 792522 (76307.2,82098.3)
Midpoint: 2010 (2009.3.2009.9)
Growth Time: 157 (15.2.16.2)
United States
90% CR varying Saturation
o
a
nl
OO0y 0
-E5%
1980 1885 1990 1995 2000 200 2010 201 2020 202 2030

Case Study: European company working in the Food Processing Sector
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Case study: Mining Process (Chile) 17,0°

Case study 1.

conventional mills

b

Colective flotation

SAG mill

Thickening waste.

l—‘—|

Selective flotation
‘/\FII/

Waste reservoir. Q
©® © @o

Copper concentrate.
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ase study: Mining Process (Chile) — 17,0°

GB 941766 A(1963)
GB 1552209 A(1979) until

2 Mining s
reresing e e o] L [Fme < Minin ove
Law of increasing the ideality Mon ic/ -
(eegmentation of objects) monol 2 preces eieal Granu|ated}—~{Pasteorgel}—{ Liquid }—{ Vacuum J *

US 2011119964 A1(2011) R m e I e e L B e
US 2360315 A(1994)
ystem)
multiple

Porous
capillary

20- |[JResvis Res
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[ UF(Bi) ws Res
18- | [TIHF wis Res

Law of increasing the ideality
(segmentation of space)

US 1648783 A(1927)
UA 14288 U (2006)

DE 3618199 A1(1987)
Bi system ‘

)
|
|
¥

Bi system mono
mono funtional functional
homogeneus partial
(2 part cutting properties
edge, same (2 part cutting
material) edge, different
material)

‘ Partial
trimming
convolution
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one part)

Bi sistema
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Case study: Mining Process

(Chile)

one material)

Inverse

Law of Ideality increase
(segmentation of surface)

same mineral)
Law of Ideality increase WO 20101119179 A2
(Mono-bi-poli) WO 2010/017589 Al
WO 2007/048874 A1
WO 2006/076763 Al
. Poli-system mono| Poli-system Poli sistema o
[Poli-system mono N o o Partial trim-
y funtional prop. multifuntional multifuntional .
funtional hom. . convolution
partial heterogeneous Inverse
WO 91/13737 (1991)
Protul surt . W0 2009/008810 A1
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Conclusions YV 0°

B The Investments Risk can be reduced by appropriate
forecasting of technological evolution and social changes

B TRIZ provides an effective support to Technological Forecasting,
but it is not suitable to address questions like When? Where?
(Predictions, not Forecasts)

B Many complementary theories and methods exist in the field

B The integration of models based on the TRIZ Laws of Evolution
with mathematical models for trends extrapolation seems to
have adequate capabilities to perform qualitative and
guantitative Technological Forecast

B Follow the future developments of the FORMAT project on:
¢ Deliverables freely downloadable on www.format-project.eu

*** Handbook of the FORMAT methodology expected on Spring 2014
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