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Short Resume - Gaetano Cascini

* 1999 : PhD in Machine Design

e 1999 — 2008 : Assistant Professor at University of Florence

« 2008 — 2014 : Associate Professor at Politecnico di Milano

e 2014 —current : Full Professor at Politecnico di Milano

* 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 (ETRIA)

2009-2013 : Publications and Events Officer of TC-5 Committee (Computer Applications in Technology) of IFIP

2012-2015: Coordinator of the EU Marie Curie Project IAPP (PIAP-GA-2011-286305):
FORMAT (FOrecast and Roadmapping for MAnufacturing Technologies)

e Currently:

Coordinator of the EU project SPARK: Spatial Augmented Reality as a Key for co-creativity (Horizon 2020 — ICT)

Coordinator of the EU project OIPEC: Open innovation Platform for university-Enterprise Collaboration: new product,
business and human capital development (Erasmus+ — Capacity Building in Higher Education)

Member of the Editorial Board of: Research in Engineering Design, Journal of Integrated Design & Process Science,
International Journal of Design Creativity and Innovation

Member of the ETRIA (European TRIZ Association) Executive Board

Co-Chair of the Design Creativity SIG and member of the Advisory Board of the Design Society

Chair of the Training WG of CEPIUG (Confederacy of European Patent Information User Groups)
Author of 120+ papers presented at International Conferences and published in authoritative Journals

Author of 13 patents S
OIPEC Workshop at VISU, November 14, 2016 Q I P E C




Goals and Outline

* Goals

* Share a common vision about innovation, opportunities and threats
* Realize that it is possible to forecast the evolution of technology to support R&D and
investment decisions

e Qutline

* Technology Forecasting — What? Why? Who? How?
* Learning about the Future
* Introduction to Technology Forecasting approaches:
* Leveraging Experts’ Knowledge
* Trend extrapolation
* Analogical reasoning and envisioning through evolutionary patterns
* FORMAT methodology
* Reference models
» Stages and gates
* Industrial Case studies
* Consumer products
* Industrial processes
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Technology Forecasting

What? Why? Who? How?
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Introduction to Technology Forecasting
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Introduction to Technology Forecasting

* Innovation, opportunities and threats
* From research to market

source: ca.gov
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Introduction to Technology Forecasting
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Introduction to Technology Forecasting

* Technology Forecasting: what for?

* Provide support to decision-makers (entrepeneurs, administrators,
researchers) for the identification of the right strategy to pursue

v'whether to invest on a certain technology;

v'how to identify the proper competences to keep/improve
competitiveness;

v'select the right partner or supplier;

v'focus R&D investments;
V..
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Introduction to Technology Forecasting

* forecast = knowledge

* Those who have knowledge, don't predict.
Those who predict, don't have knowledge.
-Lao Tzu

* The goal of forecasting is not to predict the future but to tell you what you need to know
to take meaningful action in the present.
-Paul Saffo

* Innovation leaders regularly scrutinize/challenge the future validity of their past strategies
and success formula
-Jean-Philippe Deschamp
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Introduction to Technology Forecasting

From Louis’
journal:

14 Juillet 1789
".rien..”

LouiS XVI (23 August 1754 - 21 January 1793) source: R_ Santolamazza
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Introduction to Technology Forecasting

* An example Best Practice from IBM

i Since 1982, IBM Research has marshaled the unique capabilities of
w 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 business

GTO is not
predicting is difficult

100MS+ investments
based on GTO
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Introduction to Technology Forecasting

It’s all about Data

Volume

e Social, Mobile, Cloud, Data Transforming a@a wi lsrypt
anely Big Data, and Analytics Industries entire industries

Veracity

IBM Global Technology Cutiook 2015 - Do not Destribute
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Introduction to Technology Forecasting

* An exambple Best Practice from Siemens
SIEMENS

Pictures of the Future P Deutsch

> Pictures of the Future > Spring 2014 > Index

Intelligent Energy Affordable Digital Features
Use Infrastructures Transformation

Editorial Scenario 2040 Scenario 2060 Scenano 2060 News from Siemens' Trends
Our Digital Future Above it All City of Sensors Second Life Labs Siemens-Labors Reinventing Energy Cons...

Since 2001, Siemens' Pictures of the Future magazine reports twice a
year on major technology trends and looks at the latest research in the

company's laboratories. The magazine includes scenarios of the future,
features, reports on associated R&D activities at Siemens, and interviews with

my 4 internationally-recognized experts.
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Introduction to Technology Forecasting

Industry & Automation

Future of Manufacturing
Seven Facts you have to know about the Fourth Industrial Revolution. >
21 January 2016
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Introduction to Technology Forecasting

* *

* *
L

ACARE

Advisary Council for Aviation Research
and Innovation in Europe

* An example Best Practice from ACARE ,,*?*(.
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Introduction to Technology Forecasting

* An example Best Practice from ACARE

2020
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Definitions and Scopes

* Technological forecast:

e 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

* (What? When? Where? Why?)

* Prediction:

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

* (What? Why?)

Source: Dmitry Kucharavy
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Technology Forecasting Approaches

et A MA it Sewvy Favba Pewny

o f@ ﬁ@ :5 'f?'z‘

LR T B e s

e: Phillips, Heidrick, Potter
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Forecasting Methodologies

* Types of forecast: cumulative appearance of articles

o
o
-l
"Artificial Neural Networks™ forecasting, 71988’
'Delphi forecasting, 1970
§ |"Growth curve” forecasting, 1970
[
©
Q
a
[=%
o
2 | "Expert Panels™ forecasting, 1982
3 TRIZ forecasting, 1997
e
o

=
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Technology Forecasting

Based on Experts Tacit Knowledge
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Technology Forecasting based on experts tacit knowledge

]

2

“WHILE DOING THE RESEARCY, KEEP IN MIND THERE
ARE ONIS? TWO KINDS oF FACTS THOSE THATSUPRORT
MY ROSITION... AVD INCONCLUSIVE .
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Forecasting Methodologies

* Well known methods (1):

* Delphy surveys (Explorative/Normative, Soft, Expert Opinion)

* Consensus based method: this method seeks to rectify the problems of face-to-face
confrontation in the group, so the responses and respondents remain anonymous.

* The classical technique proceeds in well-defined sequence. In the first round, the
participants are asked to write their predictions. Their responses are collated and a copy
is given to each of the participants. The participants are asked to comment on extreme
views and to defend or modify their original opinion based on what the other
participants have written. Again, the answers are collated and fed back to the
participants. In the final round, participants are asked to reassess their original opinion in
view of those presented by other participants.

* The Delphi method generally produces a rapid narrowing of opinions. It provides more
accurate forecasts than group discussions. Furthermore, a face-to-face discussion
following the application of the Delphi method generally degrades accuracy.

Source: David S. Walonick
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Forecasting Methodologies
oot o sction o oo
P Questionnaire @

Group
coordinator

Analysis and final

addition Responses |«

Source: Adapted from Landeta (1999)
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Forecasting Methodologies
Definition of | >
the problem

Selection i

of experts

: * Type of questions
Elaboration of = « Extension of questions
questionnaire * Sconing scales for
quastions

Sending of = Methods of sending <lata

questionnaire :> {regular mail, e-mail, etc)

« Prediction
» Opinion

+ Selection methods
» Level of experience
+ Size of panel

« Groups of experts

+ Sending calendlar

= * Dafine type of analysis
Statistical (analysis of variations,
analysis |~ comelations, etc)

* Define statistics
{mean, mecian, etc)
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Forecasting Methodologies
* Delphy surveys

* Define the problem

* Identify the problem that you want to work on, writing it down in a clear way that is easy to understand. This can be in various forms, from a
questionnaire to a broad and open question.

* You can work on one problem and you can work on several problems at once. The constraint is usually the bandwidth and expertize of the people in
the Delphi group.

Give everyone the problem

* Recruit people to the Delphi group. This includes anyone who has been selected to contribute thinking on this project. There is seldom a meeting
needed for Delphi work, making it ideal for virtual teams.

* Delphi thinking can be done with a small group and it can be done with hundreds of people. Around 20 people is a fairly common size.

* Send the problem or problems to everyone who is in the group and ask them respond. You will have to handle a lot of feedback, so asking for short
bullet-points will make things much easier to deal with than rambling text.

Collate the responses

* Take the responses that people send back to you and collate these into a single anonymous list or sets of lists.

* Make this as easy as possible for the people to read when you send it back out again, but be aware of causing inappropriate bias. For example you may
group responses into appropriate headings, but with the caution that this might presuppose particular thinking.

* Onthe other hand, if you are seeking creative ideas you may deliberately mix up the answers.
Give everyone the collation

* Send the collation back out to everyone with the request to score each item on a given scale (typically 1 to 5). You may also allow them to add further
items as appropriate.

* Remember to include the original problem at the top of the page, along with instructions on what to do. You can also make responding easier by
putting the items in a table with space for the score.

* Repeat as necessary

* The process may now be repeated as many times as is deemed appropriate. If you are seeking consensus and there was a wide range of responses,
then this may require several iterations. In particular at least a second round to see how others have scored can be very useful.

* In analysing the scores, one method used in Delphi analysis for smaller groups and especially when percentage scores are used is to use the formula:
(lowest score + highest score + 4 x average score) / 6. This gives more weight to the average whilst also allowing some influence from outliers.
. Source: creatingminds.org
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Technology Forecasting

Based on Trend Extrapolation
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Forecasting Methodologies

* Well known methods (2):

* Trend extrapolation (Explorative, Hard, Trend Analysis)

* These methods examine trends and cycles in historical data, and then use mathematical techniques
to extrapolate to the future. The assumption of all these techniques is that the forces responsible for
creating the past, will continue to operate in the future. This is often a valid assumption when
forecasting short term horizons, but it falls short when creating medium and long term forecasts.
The further out we attempt to forecast, the less certain we become of the forecast.

* The stability of the environment is the key factor in determining whether trend extrapolation is an
appropriate forecasting model. The concept of "developmental inertia" embodies the idea that
some items are more easily changed than others. Clothing styles is an example of an area that
contains little inertia. It is difficult to produce reliable mathematical forecasts for clothing. Energy
consumption, on the other hand, contains substantial inertia and mathematical techniques work
well. The developmental inertia of new industries or new technology cannot be determined because
there is not yet a history of data to draw from.

* The common feature of these mathematical models is that historical data is the only criteria for
producing a forecast. One might think then, that if two people use the same model on the same
data that the forecasts will also be the same, but this is not necessarily the case. Mathematical
models involve smoothing constants, coefficients and other parameters that must be decided by the
forecaster. To a large degree, the choice of these parameters determines the forecast.

Source: David S. Walonick
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Forecasting Methodologies

Trend EXtrCIpO/ation A QUARTER OF THE POPULATION
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Trend Extrapolation: logistic curve

leltatlon of resources and logistic S-curve

Bacteria growth in a petri dish.
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Trend Extrapolation: logistic curve

Figure 6: Graphical description of Meyer's logistic growth curve and its equations.

N(t) = —In(81) (1)

1+e” At ("tm)

Popullation
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= 2
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Trend Extrapolation: logistic curve

Growth under competition ol

e Natural growth of
autonomous systems in i |
competition might be
described by LOGISTIC
EQUATION and logistic S-curve @ |
e Natural growth is defined as
the ability of a 'species’ to
multiply in finite 'niche
capacity'

e For socio-technical systems 40
the 3-parameter S-shaped
growth model is applied for
describing "trajectories" of
growth or decline in time

;

Population
3

=+ Forecasted
ol period

1920 1940 1960 1980 2000 2020 2040 2060 2080
Time

-\ -
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Trend Extrapolation: logistic curve

US Smartphone Penetration
100%

o pam /ﬂ Growth under competition

o Apple
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s and logistic S-curve

First Android
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._ O®Natural growth is defined as the
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Trend Extrapolation: logistic curve

Component logistic model

...growth and diffusion processes consist of several sub-processes...

PROCESS OF DISCOVERY NEW CHEMICAL ELEMENTS (1735-1982)
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* Source of graph: Modss, T. Predictions - 10 Years Later. {Growth Dynamics, Geneva, Switzerland, 2002), pp. 148. ISBN 2-9700216-1-7.




Trend Extrapolation: logistic curve

B Emerging, growing, mature technologies and substitution of
technology

*» Emerging technology: is a technology before infant-mortality (a) threshold. It is
necessary to foresee parameters of the process of transition from invention to
innovation (adoption, diffusion, infrastructure, commercialization).

** Growing technology: is a technology which growth exponentially (from a to B). It is
necessary to foresee parameters (speed and limits) of exponential growth.

+* Mature technology: is a technology after saturation threshold (B). It is necessary to
foresee parameters of the process of substitution of one technology by another (binary
and multi- competition).

Source: Dmitry Kucharavy
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Trend Extrapolation: logistic curve

Fisher-Pry transform. Confidence intervals

Fisher-Pry transform Forecast with confidence
intervals
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Trend Extrapolation: logistic curve

Sequential

33%%
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Innovation and Competition

Innoved'l'on amd Com‘h""'»‘ov\ pv-ous:es

Source: Carlo Piccardi
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Trend Extrapolation: logistic substitution

LSM example: US music recording media (1997)
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* Source: Mevyer, P.5., Yung, JW. and Ausubel, J.H. & Primer on Logistic Growth and Substitution: The Mathematics of the Loglet Lab Software.
Technological Forecasting and Social Change, 1999, 61(3), 247-271.
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Trend Extrapolation: logistic substitution

146 PREDICTIONS — 10 YEARS LATER

COMPETITION BETWEEN PRIMARY ENERGY SOURCES
Percentage of all energy
1+

05 +

15 1

2. 19 I
1850

FIGURE 7.6 Data, fits, and projections for the shares of different primary
energy sources consumed worldwide. For nuclear, the dotted straight line is not
a fit but a trajectory suggested by analogy. The futuristic source labeled “Solfus”
may involve solar energy and thermonuclear fusion. The small circles show how

. | things evolved since 1982 when this graph was first put together, see text.” Source: T. Modis

40 -1 OIPEC Workshop at VISU, November 14, 2016 O I P E C




Trend Extrapolation: logistic substitution

LSM example: transport infrastructures in US

Percentage of total length
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Logistic Curves: Warnings

PLYWOOD FILLED A NICHE IN THE CONSTRUCTION INDUSTRY

Billions of
square fest
25 +

20 |
15 L

10 §

0 +— — i +——tf ‘ : ' i * :
1935 1945 1955 1965 1875 1985 1895 2005

FIGURE 10.2 Annual plywood sales in the United States. Significant deviations
from the S-curve appear when the ceiling is approached. The small circles show

what happened in the last twenty years.” Source: T. Modis
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Logistic Curves: Warnings

TEMPORARY “CHAOS” IN U.S. COAL PRODUCTION We can see a fairly good
example of exponential growth
Bilions of tons with a change in that pattern
from 1917 to 1961. This
1600 + deviation from exponential
1400 | growth teaches us an important
I S opRaRe lesson about projections. Any
1200 L mathematical model that
- ¢ involves human decision such
1000 1 as whether to use coal or oil, or
800 4' models that include the chaotic,
‘ human driven economy will
800 -+ deviate from mathematical
» perfection. Any model that we
400 4 devise will only be a decent fit
’ at best.

200 o
(Gregson Vaux)

0 sl : — |
1850 1800 1950 2000 2050

FIGURE 10.3 Annual production of bituminous coal in the United States. The
two S-curves are fits to the data of the respective historical perods. The interim
period shows large fluctuations of chaotic nature. The small circles show what

happened during the twelve years following the original prediction.’

.\ Source: T. Modis
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Logistic Curves: Warnings

B Logistic S-curve describes evolution of system under limitation of

resources through time
% Strength:
o Properly established logistic growth reflects the action of a natural law
o Relatively easy to apply. Clear concept and working mechanism.

o Can be applied for systems where the growth mechanisms are understood and
where the mechanisms are hidden.

)

* ...and Weakness:

L)

o What is growing variable (species) and what is underlying competing mechanism in
particular case? Lack of formal procedure to define

o Bias towards low or high ceiling: ‘no two people, working independently, will ever
get EXACTLY the same answer for an S-curve fit’.

o Should we fit S-curve to the raw data or to cumulative number?
o Fitting technique errors and uncertainties.

Source: Dmitry Kucharavy

A :
44 -1 OIPEC Workshop at VISU, November 14, 2016 O I P E C




Introduction to Technology
Forecasting:

Analogical reasoning and envisioning through
evolutionary patterns
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Theory of Inventive Problem Solving

Genrich Altshuller T e ]
(1926-1998) .

Analysis of hundreds =5 ;
of thousands —
inventive solutions ||

°)

-

/
0’0

*e

%

*e

%

*e

%

®e

%

/
000

- ECed s
Tt
— v

999 of inventions use already known solution principle

Less than 1% are really pioneering inventions

Breakthrough solutions emerge from resolving contradictions
Inventors and strong thinkers use patterns

Creative problem solving patterns are universal

Creative ideas can be produced in a systematic way
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Theory of Inventive Problem Solving

B The architecture of TRIZ is based on:
+* Three Postulates:

o Postulate of Objective Laws of Systems Evolution
o Postulate of Contradiction
o Postulate of Specific Situation

** Main models:

o Models of the problem solving process
— Hill model (abstraction-embodiment)

— Tongs model (from current situation to ideality, barriers identification)
— Funnel model

o Description of systems, problems, solutions
— ENV model
— Model of function
— Substance-Field Model
— Model of contradiction

o “System operator” (multi-screen approach)

— Round about problems
— Resources search

% Instruments:

o ARIZ (Algorithm of Inventive Problem Solving), main instrument of Classical TRIZ for
Non-Typical Problems, which integrate all others TRIZ instruments

o System of Inventive Standard Solutions
.\o Pointers to Physical, Chemical, Geometrical Effects - I P E C
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Theory of Inventive Problem Solving

S Laws of Engineering Systems Evolution

http://youtu.be/2Hd5BneTrp




Theory of Inventive Problem Solving

Laws of Engineering Systems Evolution
1 | Law of System Completeness B The interpolation of several
Corollary: Controllability individual curves from other
rend of elimination of human | QR perpectves gives the
involvement from systems 8] a ana}:yStl " 'ndlcat'.on of &tf
e Trendofincreasingdynamicity ____|5| , B e DGR
2 | Law of “energy conductivity” < '
of a system
3|Law of harmonizingthe Number of inventions
rhythms of parts of the system , —» (number of patents)
4fLawofincreasingideality ‘
5 | Law of uneven development ;
_FP_f_T_*??_PS?IT?.F?.“..?.?.Y_S_T?FI‘_ ____________________________________________________________________________________________ Levels of inventions
6 | Law of transition to a super- _ ., (1,2,3,4,5)
system § s
Trend Mono-Bi-Poly
7 | Law of Transition from macro ”
to micro level % /\ .
S S S o » Profitability of
8 | Law of increasing Su-Field g 0 nvettions: (3,
InYTerOCTIonS O * G.S.Atshuler 1979 CREATIVITY AS AN EXACT SOBNCE. Soeesshos radic, Moscow

Solution Space

m Conclusions for practice:
. . % Good solutions are developed in accordance with the objective laws of system

evolution . I P EC
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Theory of Inventive Problem Solving

1. Law of System Completeness

In order to deliver its function, a Technical System must include, internally or externally (e.g., through the
contribution of a human operator), four elements:

- a Tool, which is the working element delivering the function of the TS, i.e., exerting a certain effect on its
object;

- an Engine, i.e., the element providing the energy necessary to produce the expected effect of the function;
- a Transmission, i.e., the element transmitting energy from the Engine to the Tool;

- a Control, i.e., an element governing at least one of the previous elements.

/ Envinronment ]

/

Envinronment
(Supply)

d
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Theory of Inventive Problem Solving
1. Law of System Completeness (corollary)

m Corollary:
i , .
nvinronmen % technical systems evolve by

integrating all the elements of the
Minimal Technical System in order
to reduce human involvement

uVate .

/

Envinronment
(Supply)




Theory of Inventive Problem Solving

oS> > Patterns of Engineering Systems Evolution
- (8 Laws, 76 Standards)

|||‘|liﬁ
T

.

oy
@

TRANSMISSION
TOOL TOOL
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Theory of Inventive Problem Solving

4. Law of increasing the degree of ideality
S-Curve of Evolution:

Wave of Evolution: Expenses to create Degree of the system’s
value and deliver functionality (material, performance (main function)
energy, labor, information)

| ZUsefuI functions
B Z Harmful functions+ ZCOS'[S

Time

|
:u Mature system
I || Convolution
'l Expansion i1 (Ideality growth)

I A system is born

Creating Adding Preserving Functionality

Functionality Functionality "
CVOIuuon convoiution
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Theory of Inventive Problem Solving

4. Law of increasing the degree of ideality

I ZUsefuI functions

- Z Harmful functions+ ZCosts
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Theory of Inventive Problem Solving

=B Contradictions

m System evolution implies the resolution of contradictions, i.e. conflicts
between a system and its environment or between the components of
the system itself

System
Requirements

>

Evaluation Par. 2

>

Evaluation Par. 1

m Conclusions for practice:
% To solve a problem we should first discover underlying contradictions

+ To achieve maximum benefits, contradictions should be resolved, not
compromised
% Overcoming contradictions is a driving force behind technology evolution.
- . Resolving contradictions instead of compromising or optimizing, results in

breakthrough solutions — I P E C
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Theory of Inventive Problem Solving

ol Contradictions

“Technical” Contd: /&\
o & ‘i-:.

TC1: EP1(+) - EP2(-) &4

TC2: EP2(+) - EP1(-) —

“Physical” Contd: gt mgx?cfﬂ?t?ﬁ..‘ff‘.?t:ﬁ,?

CP=V 3 EP1(+) - EP2(-)

CP = anti-v 9 EP1(+) | EPZ(-) = t = :-
to make it more fluid...

EP(+) = improves
EP(-) = worsens

.. and preserving
e

. =

chocolate integrity.
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Theory of Inventive Problem Solving

Contradictions

“Technical” Contd:

TC1: EP1(+) - EP2(-)

TC2: EP2(+) - EP1(-)

“Physical” Contd:

CP=V = EP1(+) - EP2(-)
CP = anti-V = EP1(+) - EP2(-)

Problems from different domains, sharing
the same contradiction, can be solved by
means of the same solving principles

OIPEC Workshop at VISU, November 14, 2016 O I P E C




Specific Situation - Resources

e
98 Each stage of evolution of a system takes place in a specific
environment (context, situation) which influences the
evolution (transformation) of the system and provide
specific resources;

Energy
Spatial Resources:
- Energy in the system -
- Energy from the supersystem InfOI‘matIOI‘I
Reso urces.: - Potential energy |
= Empty space, encapsulating Jle-ipated energy ReSO u rCES ]
- Other dimensions Solar Energy - Inherent properties
- S_hape Soil R Oil - Mobile information
- Size (1D, 2D, 3D) Coal s, Fish - Temporary information
Birds g&ey ¥ Trees - Redundant information
i Plants S5 "% Water
Oceans . Timb
TI m e Energy \Q l\fllg;:alesr
Flowers ' Animals =
IResources: minerals <~ oxeen | | Material
 parallel working Natura‘I\tGas hFossul Fuels
- Preliminary action/counteraction mosphere Resou rces:
- Reworking
- Waste flow

- Freque f acti
EEREETICY of action - Cheap materials

- Substance characteristics

m Conclusions for practice: - Void
- % Good solutions must (first of all) take into account the resources available in the

specific situation O I P E C
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Specific Situation - Resources

°? Example: Transforming undesired/harmful elements into fruitful resources

?o‘—"“\a

https://youtu.be/TQutAgZNMhI

7 CEBU PACIFIC AIR.COM
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——— ? I "Creativity is not a born gift.
Every engineer can learn to be inventive.” . i
L http://www.tetris-project.org/

B 5 Animations - _vi-/é
2 TRIZ History Education and Culture DG

*
. Lifelong Learning Programme

** Nina @ school/university/work
** Theory of Inventive Problem Solving

B Handbook

1. Introduction(s)
Laws of Engineering Systems Evolution
Algorithm of Inventive Problem Solving
Su-Field Analysis and System of Inventive Standards
Tools and Principles for solving contradictions
% Appendix (Step-by-step solved problems)

-
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FORMAT Project:

Essential Information
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FORMAT Project

v Grant Agreement number: 286305
v’ Project acronym: FORMAT

v’ Project title:
Forecast and Roadmapping for Manufacturing
Technologies

v’ Starting date: 01/01/2012
v’ Project Duration: 48 months

v’ Total estimated eligible cost: 1,690,454.00€

$

MARIE CURIE

OIPEC Workshop at VISU, November 14, 2016 O I P E C
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FORMAT Project

Academia Industry

R ° .; }':- -
Whirlpool | &5

University
of Technology
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Whirlpool EMEA at a glance
(1) inpesiT Whirlp pool

D RPORATION

G Ay Wb ’-L;,
= 1 = > £
Ne \’;‘ N L‘ '31 ¥
Y L ol DERN i’ |
by N J
#1 player in 5 of the #1 in refrigeration & laundry Strong industrial
top 7 markets footprint
~
26,000 employees
4.4% best team in the industry $6.8 B
operating profit revenues
FORMAT FINAL CONFERENCE ©FORMAT CONSORTIUM

. MAY, 14-15 2015 ALL RIGHTS RESERVED
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//upload.wikimedia.org/wikipedia/en/5/5f/Whirlpool_Corporation_logo.svg

A Tridimensional Space of Research

i Whirlpool
8 v

5}
§ New processes are the consequence of a /
- intrinsic improvement of existing technology / /
S —
9
S A E.g. Nanoceramics pre-treatment as a substitute of
g 1 phosphate based treatment; Ultrasound cleaning;
@ |
s 1
=) 1
LS) 1
[ 1
_E : New processes are the
é : consequence of a
1 requested feature in the
1 product.
E.g. new application process
Pr for IXELIUM
¢ 7 >
" /7 H H H . . . .
y The ideal direction: new Product Driven Evolution line

’ processes achieve a substantial
gain in each dimension

New processes are the consequence
of a strategic organizational need.

E.g. Laser Marking as a substitute for
Pad-printing in order to reduce lead time

©FORMAT CONSORTIUM ALL RIGHTS RESERVED % I P E
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TF Objectives: to support decision

" 4 b -

Give consistency in technology /
product roadmap

Drive research activities (i.e. where
to allocate money and resources)

Design new products

|dentify competences needed to
Improve competitivity

Invest on technology

FORMAT FINAL CONFERENCE ©FORMAT CONSORTIUM
MAY, 14-15 2015 ALL RIGHTS RESERVED

-\ -
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SERFORMAT
7] im0 Pd >-F
FORMAT Methodology:

Reference Models and Procedure
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Theory of Inventive Problem Solving

SuperSystem Future:

?

System Future

?

SubSystem Future

?
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Technology Forecasting based on trend extrapolation

Popullation

tm time

Rate of growth

>

growth

Initial maturity/saturation

time

Growth under competition

Natural growth of autonomous
systems in competition might be
described by LOGISTIC
EQUATION and logistic S-curve

Natural growth is defined as the
ability of a 'species' to multiply in
finite 'niche capacity’

As a percentage
of all "vehicles”

100% &
0% -
80% -
70% ~
60% -
50% -
40% -
30% A
20%
10% -

0% <

100%

75%

50%

25%

US Smartphone Penetration

B Other
® Palm

M Microsoft
I Apple

o RIM

# Android

IPhone 5C
Launch

Galaxy S
Launch

First Android
phone launch

55 aa° 2 ﬂwsaﬁws Shaa

1800 1905

1910 1915 1920

1925

1930
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93 Logistic Function

"‘:‘. Derivative of Logistic Function

Laggards

“g“agg rg‘-a“gﬂg; 35

2.5% 13.5%

SEqEgEREieRass s?sr&% “8

- h

7w
& P R e e I

168%

Adopter categorization on the basis of innovativeness

OIPEC




Combination of qualitative and quantitative models

. WO 20061076664 20; - - ! ¥ " — T -
. WO 02/11890 AL (2002)
‘0’ SAG M | I IS WO 01/03839 AL (2001) 18} | IRes ws Res
WO 90/0791 (1990) I UF vis Res
monolthic2) [ oromne ) unti | :UF:: i
monolithic onoithic Several Granulated i Paste or gel Liquid Vacuum e
pieces Diece J 14+

Law of deality increase WO 031029114 A1 (2003)
(segmentation of objects) WO 93/15839 (1993)

]
System with Porous %
Monolithic System with a y . Active with 10} e
System cavity mul_tl_ple capillary [ pores system Res viu Res
cavities system 8-
D
Law of Ideality increase wg 3%91/ gggﬁ ?2502) <l
(segmentation f space) WO 93/25310 (1993) US2008/0302896 AL |
- 4~
Mono system Bl sy_stem mono B.' System mono . B'. syste_rn Bissistema o
) funtional hom. functional prop. partial multifunctional I Partial trim-
(Lifter o Plates of - —» . multifuntional . 2=
- (2 plates of the (2 plates of different heterogeneous (plates of convolution {
one material) ; ) ) N Inverse
same mineral) material different material
1 =
Law of Ideality increase WO 2010/119179 A2 ?0‘. Yi i
(Mono-bi-pol) WO 2010/017569 AL o oNe
WO 2007/043874 AL ”l”‘t'.
WO 20061076763 A1 convolution e
] (i) | oo || s | P | T
funtional hom. | prop. | J convolution Nr L - o
partial heterogeneous Inverse | 0058 ~
ul betst83 : : Z & :
WO 91/13737 (1991) | afts-07e H
Protut surt . WO 2009/008810 A1 | > 4
Plain surface | TTOVPEIANCE L o] ogh surface |- SUTace active WO 2008/088100 AL Nk : ; A
surface with pores J
WO 00/33963 (2000) 3 o
20| (3
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line surface surface complex
Law of Ideality increase
(geometric evolution)
CONTROL
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FORMAT Methodology: Stages and Gates

FORmulate Model

Stage (FOR) Stage (M)

Transfer
Stage (T)

Decision Maker
requires further
study

http://handbook.format-project.eu

. ©FORMAT CONSORTIUM ALL RIGHTS RESERVED —
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FORMAT Methodology: Stages and Gates

FOR IV D

Diagnose questions and plan project (FOR)

<prepare & make> <decision> <about forecasting project>
<define> <boundaries / resource> <of forecasting project>

v’ Formulate the questions about the Future to be addressed

v’ Identify human/time/information resources
v’ Plan activities

OIPEC Workshon at |3l November 14, 2016 O I P E C




Y=g

[ i From previous iteration of the method _

I No technological

| 1 » e
. nwe

L 1. WHY 2. WHAT getthe

- do we need to know do we need to know about required

1 the future? the future? results

1 « Main obiectives ofF;recast * Main outputs for Decision Makers (DM) without N

1 s * How the outputs will be applied by DM Forecast?

1 J Y,

1

1

1

I

1

1

:

1NE )

i 4. WHAT 5. HOW

: do we need to know about do we plan to learn

! the future? about future?

1 * System to be forecasted (STF) ¢ “Thive Dillarain

: N ; Er::::to ;::i'?pne and geographic context : Res°”rcegpla" for the TF

i

OIPEC Workshop at VISU, November 14, 2016
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FORMAT Methodology: Stages and Gates

For QDA T )

Define the system for forecast
and study contexts (M)

<review> <existing knowledge> <about
system>

v’ Define the boundary of the system under study

v’ Elicit knowledge about the present and about the past

v" Identify the Drivers that have led the evolution so far

v’ Identify the Barriers that have limited the evolution so far

N -
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Define the system for forecast and study contexts (M

From Gate
(FOR)

1. WHAT k

The STF is for?
(WHY we need

the STF?)
* Model of STF at the

functional level

2. WHICH

Systems allow to get
the same results?
* Description of Competitive
(Alternative) technologies
(solutions)

é 3. HOW )

To measure the Performances and
the Expenses of the STF and its

alternatives?
* Expenses are not money but limiting
resources: TIMES (time, information,

\ materials, energy, space, knowledge) J

4,
WHAT
is the most
promising
alternative
tech?

i L et - Bt T R maan=maas: Not.compliant ===

/5. WHAT
the STF and its main
alternative (s) are, were and

are expected to be?
Description for STF (and its main
alternative?) with

sub-systems

~

*  contexts=super-systems (TEES) and

*  past history & expected future
\ *  present trends )

To the
(A)ct
Stage

)
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FORMAT Methodology: Stages and Gates

(FOrR M GNDT

Develop forecast for defined system and contexts (A)

<identify> <a system of problems> <that drives evolution of system>

<recognize> <evolutionary trends> <for identified system>
<identify> <changes of performance characteristic in time>
<aggregate and validate> <results of qualitative and quantitative studies> <into forecast>

v’ Identify the limiting resources behind the contradictions
between Drivers and Barriers

v’ Envision scenarios by analogy with trends of evolution and
identify limiting resoures for their achievement

v Quantitatively assess the evolution of the limiting resources

= \\/ Aggregate results
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)

. Extract limiting resources from 2. Define set of solutions addressing
problems of STF limiting resources
*  What are the most critical problems? *  Recognize relevant patterns

*  Reformulate set of problems into *  Analogical reasoning for envisioning future with
contradictions patterns of evolution

* |dentify limiting resources for problems *  Check coherence of the envisioned future with the

set available information about the context

To the
3;:;::::;?,:::::,?: - 4. Build conclusions about (T)ransfer
P . future traits for STF stage

performance & expenses

* To asses features of STF
* To group (chunk) features
into main traits

Collect and clean the data series
Fit S-curve
Improve quality of fit

e e e e e e e e s m======== Not compliant -
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FORMAT Methodology: Stages and Gates

Prepare report and present results (T)
<transfer> <results of study> <to decision makers>

v’ Formulate answers to the questions of the forecast
v’ Produce final report and presentation for the beneficiaries

OIPEC Workshop at VISU, November 14, 2016 O I P E C




(FOR (M [A

Prepare report and present results (T)

From 1. Conclusion on answer to the 2. Add final nputs 3. Shape executive

: summary and
Gate A | Question to be Forecasted : :
Use conclusions from (A) to answer Into report presentation

main question about STF Reporton stage (74 * Prepare text form
Report conclusions to

*  Refer to objectives and conditions set be presented * Prepare presentation

by beneficiaries and users slides form

4. Deliver DM i§
presentation to satisfied.

The End

lmmm2M requires Next round
further study. Start from (FOR)
79 ‘ OIPEC Workshan at VilStL Navember 14, 2016 O I P E C

Beneficiaries and
Users




http://handbook.format-project.eu
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Diagnose questions and plan project
(FOR)

. . - »
[ i From previous iteration of the method Y
I No technological
1 forecasting
! 3. Can we needed
L 1. WHY 2. WHAT get the
. do we need to know do we need to know about required
the future? the future? results
« Main obiectives of Fc':recast * Main outputs for Decision Makers (DM) without N
J * How the outputs will be applied by DM Forecast?

4. WHAT 5. HOW

do we need to know about

the future?
* System to be forecasted (STF)
* Time horizon
* Market scope and geographic context

do we plan to learn
about future?

* Time Diagram
* Resource plan for the TF

To the
(M)odel

R et o e et e e e (RGN ENY) i - Stage - I P EC
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ORI

From previous iteration
I of the method

| N v’ Share the motivation of the TF
L-- 1. WHY project

" d° “f'f@?ﬁfj;?mw — > v Define the objectives of the TF
i 1 project from complementary

|

viewpoints (e.g. beneficiaries,
users, technology context,
market context, social
context...)

82 -1 OIPEC Workshop at VISU, November 14, 2016 OI PEC
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ORI

From previous iteration
I of the method

! v' What packaging technologies for protecting

L-- 1. WHY

==->] dowe need to know refrigerators, ovens, dishwashers, washing
machines, cooktops?

1 the future?
* Main objectives of Forecast

Not compliant

|
=/ ﬂ._-'*-

[ \ EPS (Expanded polystyrene) substitution?
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G )~ I

From previous iteration

o otemee v Which is the most promising decoration
L o WHY technology for achieving present and future
N product need (quality, flexibility, cost

effectiveness) in the next 10 years for
household appliances?

Not compliant

- . . - v . . oorCrn | AA Gog' ® =
L [
[

b artnine
-~ L
- - ! | M—t L - - .
L "o e .
0 v —

. — . - .

- -

L -

|
il

Ink jet printing? Pad printing? Laser marking? Chemical etching? Others?

OIPEC Workshop at VISU, November 14, 2016 o I P E C




FOR 1Y

DA (1

r

\.

2. WHAT

do we need to know about

the future?

* Main outputs for Decision Makers (DM)
* How the outputs will be applied by DM

\

—

J

v’ Identify a System To Be
Forecasted (STF) and identify
what results will be required
by the decision makers.

v’ Identify how the decision
makers will use the results
from the forecast

OIPEC Workshop at VISU, November 14, 2016 O I P E C




G A 7

Y —>
No technological | This is a decision step that

forecasting

needed differentiates forecasting and

3. Can we

h . o ege
yenirer - problem solving activities for
results f I b. .
Wi o ormulated objectives

Forecast?
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GC®»v A T

Y =>

Example: Gas leak checks

forecasting
needed

N=>

DDDDDD

Currently known technologies to .
detect micro leakages from a sealed

system are not completely satisfactory

because of their limitation.

However, the present limitation is s
potentially solvable through a problem @ (ol '
solving process.
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ORI

DA (1

3 4. WHAT N

do we need to know about

—_—> the future?

* System to be forecasted (STF)
* Time horizon
\ * Market scope and geographic context )

(This step is an elaboration of the
activities performed in Step 1 of

Stage FOR)
v" Define main objectives, time

horizon of the forecast and
market and geographical
context of the system to be
forecasted
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G A 7

4. WHAT v' What packaging technologies for the next 5-10 years
dowe need fo know about (2018-2023) to protect refrigerators, ovens,
mahorn dishwashers, washing machines, cooktops, during their

* Market scope and geographic context

delivery from the factory to a customer’s house in
Western countries?
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G A 7

v’ get decisions about resources
allocation — human, data,
restricted access permissions

5. HOW

do we plan to learn

about future?
* Time Diagram

* Resource plan for the TF etc.
Name of a stage Duration [days) Number of working Resources
sessions [sessions]
FOR 3 1 Beneficiaries, users,
2-3 analysts
M 15 4 2-3 analysts
A 21 5 2-3 analysts
T 6 2 Beneficiaries, users,
2-3 analysts
Stage (FOR) 3¢ —
Smge ) 159 —
Swga(A) 214 _

Stage (T) ta

—
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G A 7

5. HOW ‘ —ln
do we plan to learn
about future? ‘ .
* Time Diagram 13
* Resource plan for the TF }Y y
|
FOR A

oW
n
&
o
(o
N
~J
o
wm

i ! 3 4 H 6(7!8 1’(:! i 1214 15 16“’.8 19'20!22'2
W davs ) ' ' ’ )

30 31 323-1% 36 Sl 38 39 40 42243 44

. -
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G A 7

v’ Check completeness and
Gate (I/?);ZZ consistency of the required
ki sge  iINformation

<=- Not compliant ==

-\ -
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Define the system for forecast and study contexts (M)

From Gate
(FOR) 1. WHAT
The STF is for?
(WHY we need
the STF?)

* Model of STF at the
functional level

Systems allow to get

the same results? >
* Description of Competitive
(Alternative) technologies

N[

2. WHICH

(solutions)

3. HOW
To measure the Performances and
the Expenses of the STF and its

alternatives?
* Expenses are not money but limiting
resources: TIMES (time, information,

\ materials, energy, space, knowledge) J

~

4,
WHAT
is the most
promising
alternative
tech?

(

\.

alternative (s) are, were and

5. WHAT )
the STF and its main

are expected to be?
Description for STF (and its main
alternative?) with
contexts=super-systems (TEES) and
sub-systems

past history & expected future
present trends )

i L et - Bt T R ========- Not compliant

To the
(A)ct
Stage
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For QDA T

From Gate

v’ Involve people having different
viewpoints about the system to
be forecasted

v' Define a uniform and robust

i vision about the function(s) the

: system is carrying out

|

(FOR)

1. WHAT
The STF is for?
(WHY we need

the STF?)
* Model of STF at the
functional level

Not compliant
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(FOR (U~ [T

From Gate e '.:’.;':5::;::1’:: E.g., IDEFO modelling

(FOR) /7~ N\ Sosthet
1. WHAT é bt iy
; ~ ahwivwe ' seshee
_> The STF is for? T — Preparstion  ——
(WHY we need > - > a/)
the STF?) ; ool TR coshn
:"' -=>1 . Model of STF at the Sal - — :
: \ functional level J
I 1 Cooked apaghess i
: > the com mh
| S Cooking N1 Sty warter
Not compliant
Plated v
e Ak ' e
to the -:-u ; Hot salty
M wanar
Sean
Usar Heat
Node: Title: Ry

Cocking Pasta - Main operations
AD (Functional decompasition 1st level) Pagy
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(ForR U~ 1

From Gate

FOR A"\ g E.g., Process modelling

The STF is for?
(WHY we need

the STF?)
* Model of STF at the
functional level J

. Blacksteel: .-/ 0T
ot compliant ' ;

Mgt

Cataphoresis

Tricationic zinc phosphate
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(FOR (U~ [T

Main function of car interiors: <accommodate> <passengers>

From Gate

(FOR) 7~ N\

g st E.g., Product modelling

(WHY we need - \ —

the STF?)
-—=>1 . Model of STF at the

\ functional level J

Not compliant

<remove from sight> <hold>
. . - . o
<functional or anti-aesthetical elements> <transmit> i
<small devices>

. <positive feelings to —
passengers> ‘ ’ I P E(
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v’ Define what can potentially
compete (technical and non-
technical alternative solutions)
with the STF in the satisfaction
of the same overall demand

2. WHICH

Systems allow to get

the same results?
* Description of Competitive
(Alternative) technologies
(solutions)

-\ -
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.

2. WHICH
Systems allow to get

the same results?
* Description of Competitive
(Alternative) technologies
(solutions)

J

Briar-root
parts
visible

Plastics

Leather
and

textile
Compositie
Aluminum materials
alloys
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v’ Retrieve and organize
knowledge of the key aspects
of the alternative technologies
and prepare a comparison with
the current technology

3. HOW

To measure the Performances and
the Expenses of the STF and its
alternatives?

* Expenses are not money but limiting

resources: TIMES (time, information,
materials, energy, space, knowledge)

OIPEC Workshop at VISU, November 14, 2016 O I P E C




(FOR (U~ [T

4 3. HOW ) R

To measure the Performances and
the Expenses of the STF and its
—_> P . —
alternatives?
* Expenses are not money but limiting

resources: TIMES (time, information,
materials, energy, space, knowledge) J

Bl =

F (performance)

_—————-1

| ZUsefuI functions
B Z Harmful functions+ ZCosts

v

0 Expenses (kW, kg, m2, m3, h)
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(FOR (U~ [T

* Colour, brightness

3. HOW s e g s
To measure the Performances and ¢ FI n ISh | ng
T e « Scratch resistance
alternatives?

* Expenses are not money but miting

LJ
rescurces: TIMES {time, information, L1
materiats, energy, space, knowledge| @ @

A
m
(8
c
1]
S
S
o
o
S
(V]
T et
Ll
- materials
0 Expenses (kW, kg, m2, m3, h * Working time

* Tools wear
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v’ Prepare a clear description of
previously performed steps for
facilitating the assessment of
alternatives

v Choose the alternative
technologies to investigate
deeper

4,
WHAT
is the most
promising
alternative
tech?

-\ -
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WHAT
is the most
promising
alternative
tech?

Aluminum
alloys

Plastics

F (performance)

Painted Leather
steel q Textiles

.\ 0 Expenses (kW, kg, m?, m3, h)
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v’ Identify SuperSystems and
SubSystems of the STF

v’ Share a vision about Past and
Present of the System

v’ Project visions about the
Future

v’ Identify Drivers

v’ Identify Barriers

OIPEC Workshop at VISU, November 14, 2016 O I P E C

5. WHAT
the STF and its main
alternative (s) are, were and

are expected to be?
Description for STF (and its main
alternative ) with
contexts=super-systems (TEES) and
sub-systems
past history & expected future
present trends




(FOR (U~ [T

5. WHAT SuperSystem Past SuperSystem Present SuperSystem Future:i

the STF and its main
alternative (s) are, were and
are expected to be?
Description for STF {and its main
Wrernative | with
*  contestssyupersystems [TEES) and
wb-tystems
*  past history & expectod future
*  present trends

Yy
=~

Cabin, navigation
system...

System Past
(1990-2010)

System Present
System:
E.g. car interiors

System Future
(2015-24
-

SubSystem Past

SubSystem Present
E.g., dashboard, rear-
view mirrors, steering

wheeli seats... ’

SubSystem Future

OIPEC Workshop at VISU, November 14, 2016

OIPEC




For QDA T

( s.wHAT ) DRIVERS
the STF and its main
alternative (s) are, were and (1990'2014)
are expected to be?

— Description for $TF {and its main ——
Wrernative | with
*  contestsssupersystems [TEES) and
wb-systems
*  past history & espected Tuture
k present trends )

m Technological Environmental
SuperSystem Present SuperSyste
Past Cabin, navigation | | Future:
system...

System Past !VStem !’ese“t System l

System:
(1990-2010) || ¢ o Future

= interiors (2015_2025i
SUbSyStem ubSystem Presen

E.g., dashboard, rear- SubSystem
view mirrors, steering

Past wheel, seats... Future

|
OIPEC Workshop at VISU, November 14, 2016 O I P E C
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For QDA T

(5. WHAT
the STF and its main
alternative (s) are, were and

are expected to be?
— Description for STF (and its main
wrernatiew | with

N Technological: Environmental

*  past history & espected Tuture
k present trends

Autonomous Driving Egl GPS Eg Lower

Google's modified Toyota Prius uses an array of sensors 1o navigate public roads without a human dCCcura Cy emissions
driver. Other components, not shown, include a GPS receiver and an inertial motion sensor.

GaE e e b ) (d )
A rotating sensor on the roof A sensor mounted on the left ( arrler rlver
scans more than 200 feet in all rear wheel measures small

directions to generate a precise movements made by the car

three-dimensional map of the and helps to accurately locate

car's surroundings. its position on the map.

VIDEO CAMERA o QLY
Acamera
mounted near the
rear-view mirror
detects traffic
lights and helps
the car's onboard
computers
recognize moving
obstacles like
pedestrians and

Economic

E.g., Lower
fuel
consumption

Four ive radar . three in front and one
in the rear, help determine the positions of distant objects.
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For QA (T

v Check completeness
To the and consistency of the

(A)ct

Ghage required information

i
i
<€-- Not compliant =4
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. Extract limiting resources from 2. Define set of solutions addressing

problems of STF limiting resources
What are the most critical problems? *  Recognize relevant patterns
Reformulate set of problems into *  Analogical reasoning for envisioning future with
contradictions patterns of evolution
Identify limiting resources for problems *  Check coherence of the envisioned future with the
set available.information about the context

To the
3;;:,::::;?,::::::?: ‘ 4. Build conclusions about (T)ransfer
' - future traits for STF stage

performance & expenses

* To asses features of STF
To group (chunk) features
into main traits

* Collect and clean the data series
Fit S-curve
Improve quality of fit

- m—m——————— mm——————— EEmEmEEmEmEEmEEmEmEmEmEmEmEmm— Not compliant -
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(FOR (M ST

From
Gate M 1. Extract limiting resources from -
srobleris oF STF v List the problems of
*  What are the most critical problems? Syste m to be
" *  Reformulate set of problems into
: contr_adic.:tic.)r.\s P | fO reca StEd (STF) a nd
E e Isc:::ntlfy limiting resources for problems id e ntify I i m iti n g
| . resources that are
1 Not compliant

linked with them

-\ -
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(FOR (M (N1

From

Gate M | 1. Extract limiting resources from DRIVE RS BARRI ERS
—_— problems of STF
*  What are the most critical problems?
" =P &  Reformulste setof problems into >
1 contradictions
1 *  |dentify limiting resources for problems
1 set
i
1 Not compliant

LIMITING RESOURCES

-\ -
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(FOR (M (ST

From

Gate M | 1. Extract limiting resources from DRIVE RS BARRI ERS

—_— problems p_f STF

smmp] 5 Yt Lo | E.8., E.g., GPS

ik

i . Ic::r:tr':‘y I;:t;\?t:‘:g resources for problems A u to n o m o u s a CC u ra Cy
set

i

1

driving

Not compliant

LIMITING RESOURCES
Number of GPS satellites

-\ -
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(FOR (M (N1

2. Define set of solutions addressing v Identify the
I|m|t|ng resources directions Of

Recognize relevant patterns

S:Zﬁifi'fffiﬁfllzﬁ for envisioning future with technolo g ical

A development based
on historical
evolution of the STF

v Envision the

characteristics of
future solutions for
the STF by analogy

with trends of

-\ evolution O I P EC
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(FOR (M ST

3 . . R = i =l8ix]
2. Define set of solutions addressing T B Ve st e 25, | e e
limiting resources DEES DD b s FEE -] @ =
i b . £ e | Pricint | C scn Mabix | Py [Yesodi d Evolen | ol L3
«  Recognize relevant patterns > 1‘s:|neummwnl Fadetrion | Relwor | icaalty | Select Teol | Princgins | | Pryscal Cotadioton | 5 Fikds Floscusces | mu_l:_
) *  Analogical reasoning for envisioning future with Trends Of Evolution
patterns of evolution ; R P —
+  Check coherence of the envisioned future with the iy W EFE & £ i) " & P % Prdrsdy g
4 N S i 2 o
available information about the context i == i 30 m&“mm:g
Monshtnie  SeTeNled o tes  Selid Monohthe i G (=] st
e e e sparsesia 7 | | msroving any sctone
15 be insatficant or
3 ’v simely
i improvi
& TiendswiExavgle. ( Rordondy Clom[ %] StowalEawgies @ Stlecsn Sy of the atributes
] of a or
——— process,
_ . r Hany nemcomars to
—— a . TRIZ find the Trands
™ % E part the most
t - =l I u ¢ T | e
prry - e 1l #vinq onu'secg've.
s e 2 Pawder o - o . 4 resson for this s
-0 - -an ® vl o doiurered1 o adonet a2 i i e s 53 24 that they encourage
= us to think in 3 sfightly
— —. different way to the
-~ o —— N A 4 j normal TRIZ process
| - @ Object segmentation The d#farance is
simple, but often
_— profoundly impartant
-Sosp 1o Granules To Liquid soep 10 cleaning speay to plasma o UV radiation to Vacuum cleaning i its impheations.

~\Washing Powdar to Washing ligud
- Shower so8p 10 shower Gel The Trends application

process is simiar to

-~ q 0 gas I o vecuum the general model of
. semrer e S ® - Greasa 10 0f 10 sp1ay 10 gos 10 .. transformen a
~Pigment to granules % paint 2 sprey 0 specihic problem wto &
- - = - Piks to granules % bquidto spray to 3.'."3::3'17;?@??
| B NN - Shoe poish to ligusd shoe peashio. and thon Gansdshing
1hat general seluticn
o~ Add your own examples in Options ->Edt Trend 10 3 specific
_‘ .. ® ;dc»cnw.dolbq;t, as
dustrated in Fagurs
13.23, the Trends 3 -
y - = « | »
& W K e
=TI
e
e AAR M@ O
b = B - — -~
® & &Ho P ¢ & e i I a J 1
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(FOR (M ST

3. Fit data-series about v Identify by quantitative

parameters measuring means how technology-
performance&expenses related parameters
Collect and clean the data series -
Fit S-curve have evolved in the last
* Improve quality of fit years
v' Collect time series
v Forecast by regression
analysis how the
technology is going to
continue its evolution

in the next years

N -
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(FOR (M (ST

3. Fit data-series about
parameters measuring LIM ITING RESOURCES
— performance & expenses - o

* Collect and clean the data series Number Of GPS Sateultes
*  Fit S-curve
* Improve quality of fit

35
30

. ~~
20

) r’

. /

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

OIPEC Workshop at VISU, November 14, 2016 O I P E C
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(FOR (M (N1

v Combine the results of

4. Build conclusions about the pI‘EViOUS steps
future traits for STF v Ch Kk - f
To assess features of STF ec CO“S'Stency o
To group (chunk) features the overlapping
into main traits - -
information

v Build a shared vision on
the evolution of the STF

N -
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(FOR (M GNDT

To the
(T)ransfer

stage

v Check completeness
and consistency of the
required information

<€~ Not compliant =4
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(FOR (M

NA

From 1. Conclusion on answer to the

Gate A | Question to be Forecasted
Use conclusions from (A) to answer
main question about STF
Refer to objectives and conditions set

by beneficiaries and users

Prepare report and present results (T)

2. Add final inputs

into report

*  Report on stage (A)

*  Report conclusions to
be presented

3. Shape executive

summary and

presentation

* Prepare text form

* Prepare presentation
slides form

4. Deliver
presentation to

Beneficiaries and
Users

DM is

satisfied.

1 DM requires

The End

. Next round
further study. Start from (FOR)
OIPEC Workshop at VISU, November 14, 2016 O I P E C




FOR IM JA

From
Gate A

1. Conclusion on answer to the v Use results from Stage
Question to be Forecasted A for answeri ng

ey e questions defined at

i b Stage FOR

v Check consistency of
answers with
objectives and
conditions set by
beneficiaries and users

in Stage FOR
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FOR IM JA

) Add il ot v Combine the

X nal INputs

i b docun?ents and _
Report on stage (A) materlals CO"ECtEd 1]
Report conclusions to -
fiepresented the previous stages and
select the relevant
pieces of information

v Complete the report of
the TF project
combining brevity with
credibility
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(FOR (M [A

3. Shape executive v Prepare the answers to
Summarvﬁa"d the question for
presenta on
:  PrEpEE R forecast and support
*  Prepare presentation the answers with
Seesd qualitative and

quantitative arguments

- -
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(FOR (M [A

DM is
satisfied. v Make decision
about follow up

I-—_.DMrequires __}  Next round of the TF project
further study. Start from (FOR)

i -
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azs ORMAT

"' Forecast and Roadmapping
for Manufacturing Technologies

St

MARIE CURIE

Case Studies

- -
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Case study:
Evolution of domestic ovens (some features)

359

127 3 OIPEC




Chamber of Commerce of Treviso

ey P
128 tg-’i# ;J

SMEs Participants
ANGDICA INDUSTRIES Siorgio Zanchetta
aesthetic components
FU\\{A ;gg Renato Buziol
HELUCCHESE INDUSTRIA Mario Lucchese

Tanja Col i, L Nadal,
Y23 METEOR e Samogin
L S ACengrafla Silvia Stocco

.'qo\“f% POLITECNICO . R .
(EX5) oI MiLANO 7 Niccolo Becattini,

i me('(' Gaetano Cascini
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G A 1

WHY * Suggest R&D directions about
dowened® |  competences and manufacturing
future? technologies suitable for keep
competitivity in the field of domestic
ovens production
Subsystems:
e Aesthetical elements;

* Automation devices (e.g. door lock,
cleaning, actuators).

- -
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G A 7

WHAT * Whatis the expected evolution of high range domestic

do we need to ovens with respect to:
know about » Controllability/Programs
the future? e Cooking modes
* Automation

in Europe until 20257
 What is the expected evolution of materials and
finishing of hjigh range domestic ovens with a specific
focus on
* Visual aspect

* Touch feeling
* Interaction

of surfcaces according to design trends in Europe until
20257

i N -
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G A &

* (detailed schedule of meetings)
HOW * (web meeting tool)

Sources: —

do we plan to « Journal and Web * detiodomestc
Cose di casa B/
AE
Appliance
Ristorando
* Master Chef
* Clients and suppliers
* SMEG
* Electrolux Professional
* Whirlpool _ _
 Associations and Organlzatlons
* ANIE
* ENEA
* Tourism School Castelfranco V.
* Gheggin
* |STAT
* |nternal resources
* Catalogues and notes from fairs
* Market data collection

learn about
future?

OIPEC Workshop at VISU, November 14, 2016 O




The STF is
for?
(WHY we
need the

STF?) i 5 _
« Model of STF at AUXILIARY FUNCTION:

the functional <aid><user> <handling>
level i ; —

WHAT : [ STF = System ]

to be Forecasted

<detach> <organic residuals>

SECONDARY FUNCTION:

<trasform> <food> <by heat> <trasmit> <to people in the

<controllable on temperature, humidity, heat environment> <feeling about wealth

S exchange mechanism, time and direction> and cooking skills of the owner>
OIPEC Workshop at VISU, November 14, 2016 O I P E C




WHAT
The STF is
for?
(WHY we

need the

STF?)

* Model of STF at

the functional
level

& BoscH DILVE ety O @=rr

prseael. ...} [

< 2
Funzionalita Base Multi-Funzione

worcelk G D
. & Electrolux
Fascia Bassa

3 A
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2" - WHICH
Systems allow
to get the
same results?

* Description of
Competitive
(Alternative)
technologies

(solutions)
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(FOR (A [T

2"d - WHICH

Systems allow
to get the

same results?
* Description of
Competitive
(Alternative)
technologies
(solutions)

...don’t seem to be
about to take over the
usage of the oven in the
selected time span
(2014-2025):

ANALISI COTTURE A FORNO
RICETTARIO CUCCHIAIO D'ARGENTO

1986

2009 7

ANTIPASTI/PIZZA
COTTURA A FORNO 37 93
% COTTURA A FORNO 25,5 47,7
PRIMI PIATTI 220 287
COTTURA A FORNO 17 29
% COTTURA A FORNO 7,7 10,1
SECONDI PIATTI PESCE 257 224
COTTURA AFORNO 49 58
% COTTURA A FORNO 19,1 25,9
SECONDI PIATTI CARNE 483 406
COTTURA A FORNO 50 90
% COTTURA A FORNO 10,4 22,2
SECONDI PIATTI 740 630
COTTURA A FORNO 99 148
% COTTURA A FORNO 13,4 23,5
o V)
|% forno su TOTALE 14 A) ]_ 24 A) —|
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* Temperature and humidity control
* Finishing variants (colours, texture,

brilliance...)
To measure the * Functional surfaces (no fingerprint, self-
Performances | cleaning, qntl-bacterla...)
and the w— 4 . AT Yin
Expenses of the S : X
. c !
STF and its © :
. € !
alternatives? 5 !
+ Expenses are not "'GCJ @ i
money but limiting RSN PR N (N E_
resources: TIMES " : Sl
(time, : 1* Energy consumption
information, | "« Recyclability of
materials, energy, ! VICING A E‘t .
space, knowledge) ! LL’AmB) materials
@i * Time and efforts for
0

Expenses (kw, kg, m?2, m3, h) cleaning...
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WHAT
the STF and
its main
alternative(s
) are, were
and are
expected to

be?
Description for
STF (and its main
alternative?)
with
contexts=su
per-systems
(TEES) and
sub-systems
past history
& expected
future
present

SubSystem Future
(2015-2025)

Flexibility of design,
customizability

Functional glasses
(display, digital
interface)

Functional surfaces
(selfcleaning, light
emission ...)

Automation

Energy recovery




(FOR (M (ST

Driver (1995-2015) tem| Barriers (1995-2015)
r . - . 1 . . . . . ope
WHAT ~ Customization (aesthetics and Limited industrial availability of eco-
the STF and functionalities) friendly materials with adequate
Its main — Interaction (with the user and other functionalities/performance
alternative(s appliances)
) are, were ppliances Limited availability of low-cost
and are ~ Energy Efficiency banufacturing technologies for
expectedto [ Sustainability of materials and ©5€I\extensive mass-customization _/
? .
l:_)e,. }W{ - Failure al‘ld Safety issues
Description for Useful fi i ( q t)
STF (and its mai ~ Usefulnes of innovation (no gadge -
ali::na'tif/;n??m \ : _ gaceey] . Lack of dominant standards for A
with - Professional use of appliances and communication protocols and for
contextts=su high level cooking performance | materials characterization )
per-systems
— Higher value of the kitchen with / 5 :
(TEES) and g m Pri(_ Lack of supply chains with adequate )
sub-systems respect to other rooms of the house . :
past history competences on innovation and
& expected — Growing attention for hygiene and sustainability
future health issues
present
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A

(FOR M (T

1600

1400

1200

1000

800

600

400

200

Lack of supply chains with
adequate competences on
innovation and sustainability

—®—Settore 14 (Plastiche)

—®—Settore 17 (Metalli)

19992000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

ISO 14001 Certified

production sites in Italy

|
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(FOR (M (T

Tabella 5 H 1
Fl?l‘-“;l.RTIZIC'I'-JE DE| RAEE PER RAGGRUPPAMENTO 2013/2011 (KG) LaCk Of supply Cha|ns Wlth
VARIAZIONE  VARIAZIONE adequate Competences On
201312 2013 . . . ofe
innovation and sustainability

RAGGRUPPAMENTO TOTALE 2013 TOTALE 2012 TOTALE 2011

R '_,1 hanch

lavatrici, lavastowiglie, cappe, forni, 56,156,357 5770977 66.132 447 -2,69% -15,09%
ecc.

300,000

250,000

200,000 .52
150,000 CENTRO DI COORDINAMENTO

| W7/RAEE
100,000 ] " R2 (grandi R

bianchi) < '
50,000 se
I W TOT
0 - . . . . .

. . 2008 2009 2010 2011 2012 2013
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(FOR

M

/Li mited

industrial
availability of
eco-friendly

adequate

\performance

materials with |*°1

\ 900000 Wi
o=
W Costruzioni
800000 4- Elettrico/Elettronico
7 Automobilistico
700000 ¢~ W SportTempo libero
600000 4- i
W Anrt Mercati

M Biopolimari (0,1 %)

400000 4~
Figura 1. Suddivivione del consumo di plastiche in Exvopa @ 15 paesi wel 2003, Fome I1BAW
300000

|

functionalities/
/ 200000
100000
0 -

Ny
141\

1990 1995 2000 2002 2005 2006-08 2010
Year

[3 Biodegradable resin types based on synthetic raw materials
[@ Biodegradable resin types based on renewable raw materials

Figura 2. Evoluzione della capacita produttiva delle bioplastiche Fonte:IBAW
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(FOR (M

[~ 1

Electrolux - Rex Customization (aesthetics
Anno 2008 2010 2011 2012 2013 and functionalities)

B S F I I S
B sl 40 1B a4
4l Jal 10 a1 3

SMEG Colour variants
Anno 2008 2010 2011 2013 2014 in the catalogue

I:I el |70 dfF 8 8
3 1 el | s 1 el |6

I] 0] 3] 3 el |6
1 bl 20 3] a3
1 M | _ I _ I _ I _
Bosch Siemens
2009 2010 2011 2012 2013 2014 2008 2010 2011 2012 2013 2014
inox inox inox inox inox inox inox inox inox inox inox inox
FUNZIONI 2008 2009 2010 2011 2012 2013 2014

10 13 18 18

19 21 23
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(FOR [M (N1

FUNZIONI 2008 2009 2010 2011 2012 2013 2014
Define set of Parete posteriore con Ecolyse X
solutions Pulizia Ecolyse per tutte le pareti X
. Pulizia Ecoclean per tutte le pareti X XX XX XX

addressi ng Pulizia Ecoclean per tutte le pareti e fondo del forno X
Iimiting Autopulizia pirolitica X XX XX XX XX XX XX
resources Vapo.ur CIea.n X X

. Estetica antimpronta X X
* Recognize -

relevant . Legenda: Bosch Siemens Smeg

patterns
Analogical
reasoning for
envisioning
future with
patterns of
evolution
Check
coherence of
the envisioned
future with the
available
information
about the
context

Pyrolitic cleaning

Vapour

cleaning
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)

[ Energy efficiency ]

Legend
|m-Th en [kWht)

EDE en [kWh)
= Water [kg)

W

o
\ W

Water >40°C
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[~ 1

Define set of e <trasform> <food> <by heat>

oo <controllable on temperature, humidity, heat
limiting exchange mechanism, time and direction>
resources
*  Recognize

relevant

patterns

Analogical

reasoning for

envisioning

future with Radiating surface

atterns of i

Zvoluti on Power supply reEines (t:::::e of ¢.alectric Food J

Check resistance

coherence of

the envisioned Properties:

future with the

available - Temperature

information - Humidity

about the

context

[ » Check (e.g. on patents) trends of food preparation control ]
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BSH DOSCH K SIEMERS = 12
1 G 10
Define set of PR s oo 2
luti e asonic ; Food colour
solutions EGO - ELEXTRO GERATE... IR 4 t .
. RATIONAL " monitorin
addressing ascmouscr . T Rt G NG g
mipoeey P 4 1
I|m|t|ng G uecthoncs BT 2
Sto : e
arnceus P
resources BANK OF AMerica IS |
i TURDOCHE? TECHNOLOG.. T 3 £
' Recognlze o TAURUS ELECTROOOMES... BT 4 E
relevant § wener stepnes pRODY, . IS E - )
[ miues P2 B o | Neeet
patterns H wacron I :
H Mz R 2 2 we
Analogical GeneRaL eLecTrIC IR 8 e
reasoning for CONVOTHERM ELEKTROG.. LI & “.,.
L senrxy (T2 £ ”
envisioning whncrooL T2 Lo
future with kaart Foo0s RS . —} s catsbstbsses
SAMSUNG pLECTRONICS R 2 L T 1% " an ! m
patterns of poswA INoUsTRY PR 8 _—
. ZARDINI KACHELOFEN ... BIE # " - .
evolution o sean tecrwoLoGY | ) }
Josees P A -
Check senumar P |
coherence of cowoRapo sTaTe univ... IR ;
the envisioned ' . [ e
future with the [ owsemi Bl Cooking probe |
available i P :
. . b u,?" i
information &
about the ” _/‘16-/
context - —
M"‘“’"

e s s
e ~ ] -

n
e
L
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(FOR (M (A

Build Aggregated conclusions on the evolution of

boucrunre | domestic ovens (2014-2025)
traits for STF
* To asses

;‘?raFt“res of 1. About the usage of 6. Cost of components for

To group domestic ovens automation

tehunid 2. «Green» supply chains 7. Auxiliary functions

into main 3. Bio-plastics 8. Cleaning systems

raits 4. Colour customization 9. Professional cooking

5. Energy consumption 10. Other aspects to keep

monitored
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For M A G

Build
conclusions
about future

traits for STF

* To asses
features of
STF

* Togroup
(chunk)
features
into main
traits

e

148

Aggregated conclusions on the evolution of
domestic ovens (2014-2025) (2/10)

* The development of supply chains with
adequate competences on eco-innovation is
growing linearly (more on metals than on
plastics) =» the barrier for the joint
development of green solutions will remain
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(FOR (M A QD

Build Aggregated conclusions on the evolution of

conclusions

about furre | domestic ovens (2014-2025) (3/10)

traits for STF

. T 1 - 1 1 1
pases | o The use of bio-polymers is growing, but its
STF . . . . .

. Togroup extensive adoption in the field of domestic
(chunk) . . .
features ovens is not expected in the time span of
INTO Malin
traits

study
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For M A G

Build Aggregated conclusions on the evolution of
boutrunre | domestic ovens (2014-2025) (8/10)

traits for STF
* Toasses * Pyrolitic ovens have reached a technical

features of

STF . - g .
. Togroup maturity, no further significant improvements

(chunk)

features are expected

into main

traits

e Vapour cleaning is about to start an

exponential growth of performance
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(FOR (M [A

Build Aggregated conclusions on the evolution of

conclusions

about furre | domestic ovens (2014-2025) (9/10)

traits for STF

* Toasses * The introduction of “professional” features in
features of
STF . .

To group domestic ovens will go ahead:

(chunk)
features * Cooking probes and colour monitoring

into main
traits

* New ways of cooking: with vapour, sous-vide
(under vacuum)
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Il Laboratorio della Camera di Commercio di Treviso
e Oy

Lessons learned (by SMEs)

* Initial skepticism, growing enthusiasm within the process,
great satisfaction in the end

* Opportunity to combine in an effective way the
complementary competences of different partners

A method to add “numbers” to entrepreneurs' intuition; a
method to filter emotions and allows to manage the
conflicting visions of the participants

* Initial time investment is necessary

 The same study should be repeated every 1-2 years to
keep monitoring the evolution in the field

-\ -
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Vacuum Forming
From Patent EP 0 947 307




G A 7

(4 wHAT ) What will be the evolution of Main

5| dowereediokmowabat | o Parameters of polymers forming

* System to be forecasted (STF)

- ——— technologies in 10-20 years, (2013-
2033) for Whirlpool Refrigerators*
in Whirlpool factories in EMEA?

a) Will vacuum forming technologies be needed in 10
years, (2013- 2023) for Whirlpool Refrigerators* in
Whirlpool factories in EMEA? (Yes/No)

b) What will be the most suitable polymer forming
technologies in 10 years, (2013-2023) for Whirlpool
Refrigerators* in Whirlpool factories in EMEA?
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(FOR (U~ [T

Main function of process:

From Gate
(FOR)
(L wHAT <to make>
=1 TheSTFis for?
(WHY we need  f—3 <open polymer 3D-form (box-form)>
the STF?)
1===>| . Model of STF at the <from ranules
1 functional level g
[
A _
[
[
[
Not compliant Open 3D form
Molten 2D HIPS sh :hz':f% so:l:ged Open 3D (G°°':§:‘°3"V
Polystyrene (HIPS) HIPS 2DHIPS 2D HIPS Shoet ~ stable sheets HIPS Aesthetically
granules . ) sheet WM goodqua ity temp_ . ) _form proper
(new: =50%) Melt Form Size and Store and Soften Shape Size and Refrigerator
—_— Quality Stabilize Quality liner or door)
Check > Check [ &
Polystyrene l
(Hlps) scrap 7 \ J \ J \ J . J - J
(reused: = 50%)
Polystyrene Polystyrene Polystyrene

- \ (HIPS) scrap (HIPS) scrap (HIPS) scrap
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i 2. WHICH b ] ti ‘ !
- Transfer ram Ime¢ I Clamp aann d]:aWbaCkS H l

Systems allow to get ; . time
Dec . tmci g ime |

the same results? e 1581 1

drawbacks : Shell-Making Sholl Mold Casting  Cassting

Z e Chaurge (praform) |
* Description of Competitiv

(Altem':tt‘ige)iechn:::gi:se %”éy | ravities |
\ (solutions) ) / T 7 |
L Py eSS s (10 S | N \\\\\< : g |
il = Il 0] |_j~=— Edector pin L Oo : T |
I‘\ Transfer Molding !

Etf*@m/:]*"’ 'l‘!’* A ] S=mmmm === ===~

vz e i —
| II /drawbacks :

Platen (Clamp)
Stow Pin Enfrance I
Water Lina

charging

|
i :Idrawbacks :
/Moldc-v'lq ||S_ize’ P
I |t|me

Forizon (Flestic Sleeve) I I
Clamp Tia Bar ' l




(FOR (U~ [T

 s.wHAT

_ System Operator
the STF and its main
alternative (s) are, were and i i i
cted to be?
— De:::i!::t‘:oef STeF (an?j izsermln —
alternative ) with
contexts=super-systemns (TEES) and
sub-systems
; :::::‘::13:/" ::xpected future )
super-systems
s : :
I I ™
<—J >
systems ) )
h h
4 4
sub-systems ﬁ

past (1993) esent (2013)

i future (2033)
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../../../../../../../Documents and Settings/Bokonon/Local Settings/Temp/question_of_scale_.ppt
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(FOR (U~ [T

Technology Environment

Drivers Bamers Drivers Bamers

Separation of foam from  Polystyrene i1s based on

Cycle time of forming Mon-reactive with food . . -
Inner liner petrochemical

Development of CAD/CAM Anti-bacterial properties Easy EtEpElrEIT.IGI'I of parts Foaming agent safe for
tools after disposal oczone layer
Social Economy
Drivers Barriers Drivers Barriers
; : Height size Low energy consumption ofInitial investment in
ss for cleaning (a standard person height) MP equipment
Longer food preservation Depth size
(e.g.; under energy (standard kitchen furniture Environmental taxes Initial investment in tools
blackouts) design)
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(FOR (M (N1

From
Gate M 1. Extract limiting resources from
problems of STF
What are the most critical problems?

" Reformulate set of problems into

1 contradictions

: Identify limiting resources for problems

| - R1-: unwanted result 1, ...,

1 Not compliant V: value of a < unwanted result n
Feature R2+: desired result 1, ...,
1 desired result n

Element —»| feature Desired result

1 R1+: unwanted result(s)

A: opposite value < becomes desired result

R2-: when desired result(s)
becomes unwanted
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From

Gate M | 1 Extract limiting resources from
problems of STF
*  What are the most critical problems?
Reformulate set of problems into
contradictions
Identify limiting resources for problems

set

Not compliant




(FOR (M

QD

From
Gate M

1. Extract limiting resources from
problems of STF

What are the most critical problems?

Reformulate set of problems into
contradictions

Identify limiting resources for problems
set

Not compliant

VZD sheet in

the pallet

#4:. Long time and large space
to stabilize temperature in sheet

R1-:
V: equal to
ambient R2+:
Temperature
profile

l R1+:

A: not equal to
) R2-:
ambient

long stock time (3 days),
big space for 2D sheet stock,
high immobilized capital (WIP)

no scrap (3D open shape),

No human intervention (for heater
power receipt adjustmentin
thermoforming process)

Desired result

short stock time, t

no big space for 2D sheet stock,
lower immobilized capital (WIP)
scrap (3D open shape),

Human intervention (for temp.
receipt adjustment in
thermoforming process)
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(FOR (M (N1

I|m|t|ng resources

) *  Analogical reasoning for envisioning future with
patterns of evolution
N\ { 3\ {

2. Define set of solutions addressing Recogn ize rEIeva nt patte rns i n
Recognize relevant patterns — te c h N o I ogy evo I u t i o n

N

*  Check coherencq” \with(” ) (
available inform CJJ LLL}

I

l

\. A \. \.

BRI En N

I

> Year

I
1953 2003 200x 200x

2012

Introduction of
* more degrees of freedom for the mold (Dynamization)
+ blown air so as to increase the Ap (Su-Field interaction)

Substitution of one

mold with air
(Su-Field interaction
+ Macro to Micro) Introduction of more
degrees of freedom
for the mold

(Dynamization)

Introduction of blown air
so as to increase the Ap
(Su-Field interaction)
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(Forming in Vacuum
Forming)
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(FOR (M G

2. Define set of solutions addressing Recognize releva nt patterns in

limiting resources

Recognize relevant patterns BT te C h no I ogy evo I u t i on

) *  Analogical reasoning for envisioning future with
patterns of evolution
*  Check coherence of the envisioned future with the

available information about the context

-\ -
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Yy
16

(FOR (M (N1

N

3. Fit data-series about Exam p I e d ata:

parameters measuring

performance & expenses v Market volumes

Collect and clean the data series

FitS-ciirve v Cumulative use of resources

Improve quality of fit

(e.g. energy sources, rare
materials etc.)
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(FOR ()M

J A L

25 [ ["o Observation Interior volume of refrigerators 1R
Predicted Curve e —— —QIB= Mgy ———————————=
o 13
20 Upper IC-95% ; oo - S — - (566)
= towericGosoe | 20909092 ammmaetTles=TTE o e
2 ———UpperPlos% | - T
2 15 ~—— Lower PI1-95% -1 (424)
2 o
5 @
T D rce: A iation of Hom =
g 10 ata .SOU ce: Association o ome ll (283) o=
2 Appliance Manufactures (AHAM)
> and Appliance Standards
5 Awareness Project (ASAP). -1 (141)
ey ] 1 1 1 ] 1 ] | 1 1 =
1%20 1930 1840 1950 1960 1870 1980 1980 2000 2010 2020 2030 2040
Time
)
IE 2 T T T
g O -
=
g 1 1 1 1 1 1 1 1 1 I
a 1%20 1930 1940 1950 1960 1970 1980 1980 2000 2010 2020 2030
Time
Parameter Value P-value
Parameter of the regression
Maxi ize d fori ior vol fh shold refri bic fee d 0,01
llm‘r:;umum average size expected for interior volume of household refrigerator [cubic feet] an 21,70 cu ft (614,471) p<0,0
Period of time for 80% of the cycle [years] 52 years p<0,01
Middle time when interior volume growth achieve his 50% [vears] 1953 years p<0,01
. Results of the fit
R-Squared [%] 98,5% : —
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(FOR (M [A

From | 1. Conclusion on answer to the

Gate A Question to be Forecasted
*  Use conclusions from (A) to answer
main question about STF

*  Refer to objectives and conditions set
by beneficiaries and users

-\ -
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FOR IM JA

What will be the evolution of main parameters of polymers forming technologies in
10-20 years, (2013-2033) for WHRIT Refrigerators* in WHRIT factories in Western
countries?

FEATURES OF POLYMER FORMING TECHNOLOGY in 10-20 years for Western Countries (Europe, Middle East,

Africa) (from granules to 3D shape for domestic refrigerators)

1. Complexity of mold will increase due to multi-part molds.

2. Attention to Energy consumption of manufacturing process (MP) will rise.

3. Footprint of MP should decrease.

4. The degree of Automation of MP will increase.

5. The degree of Integration of MP with other phases of production will increase.

6. Maximal Productivity might increase (cooling time) when minimal Productivity of MP will not change
significantly.

7. Initial Investments into equipment will not increase significantly.

- . 8. Amount of Materials to produce 3D shapes will decrease when cost might increase slightly.
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FOR IM JA

a) Will vacuum forming technologies be needed in 10 years, (2013-
2023) for WHRIT Refrigerators* in WHRIT factories in Western

countries**? (Yes/No)
Yes (no strong alternative has been identified)

b) What will be the most suitable polymer forming technologies in
10 years, (2013-2023) for WHRIT Refrigerators™ in WHRIT
factories in Western countries**? (list of technologies)

* Vacuum forming: very fast equipment option (frequent molds changeover and setup
consume time that need to be gained by very fast equipment).

* Vacuum forming — with following upgrades: integration of extrusion and forming,
variable thickness within one sheet, improved cooling, complicated molds, increased
automation, decreased footprint, decreased energy consumption.
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Some learning (by Whirlpool)

* Importance of keep the history
* Look back in order to look forward

* Prepare to grow data miners

 Ability to quickly understand nature and relevance of
data

e Data are not (always) for free
* Budget for buy quantitative data from external

* Keep beneficiaries constantly aligned
* avoid the risk to answer the unwanted question

- -
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Web Resources

Web Sites:

http://format-project.org (FORMAT Project web site)

http://www.seecore.org/ (Dmitry Kucharavy - Technology Change and Forecasting)
http://www.iiasa.ac.at/ (International Institute for Applied Systems Analysis)
http://www.millennium-project.org/ (The Millennium Project - Global Futures Studies & Research)
http://forecasters.org/index.html (International Institute of Forecasters)
http://www.cesaremarchetti.org/ (Cesare Marchetti Web Archive)
http://www.growth-dynamics.co.gr/ (Modis Growth-Dynamics)
http://phe.rockefeller.edu/LogletLab/ (LogletLab)

-\ -
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http://format-project.org/
http://www.seecore.org/
http://www.seecore.org/
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