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5. How to improve reliability of forecast?
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...The righter we do the wrong thing,

the wronger we become...

Russel Ackoff (2003)



Why do we need
a reliable forecast?



Why do we need forecast?

* We delay to recognize and to be agree about
problems and threats.

* We delay to solve problems and to be agree about
solutions.

* We delay to implement a potential solution and

recognize its limitations.
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earth and human (socio-technical systems and environment)
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Fig. 2: HUMANITY’S ECOLOGICAL FOOTPRINT, 1961-2005 St Lol fod Ui s Uil L LE st ld
— 12
1.8 —
16— —111
Exceeds biosphere’s average
14— capacity per person,
: high development —l10
| €
c
£ 12 : @
w g . ;
- World biocapacity T . —9
2 1.0 @ )
S : A g
o =
T 08— S / a
5 . _(:‘:‘_ ’x — 8 8
- ) / ° 7
0 6 — -S / 2
23 ' S Austraha(} ;8
- O United States =
° % of America jag
04— % ., . =
= ’ : 2
S " o ®  —ed
o L | | | | | ® o s §
1960 1970 1980 1990 2000 05 o o}
-
@
B a3
Hungary, R &
Exceeds biosphere’s average capacity \‘ T §
per person, low development r W =
South Africa, . 13
s
~ayItaly
®
World average biocapacity available per person, ignoning the needs of wild species A 'Y — 2
o
Within biosphere’s average capacity Chinams . = Meets minimum criteria 14
per person, low development Indli |a: for sustainability
| | | | | | | | | 0
0 0.1 0.2 0.2 0.4 0.5 06 0.7 0.8 0.9 1.0
@ North America Middle East and Human Development Indlex
® Europe EU Central Asia Country population (coloured by region): Historical trends for named selected countries
Europe Nen-EU ® Asia-Pacific (2003 dot coloured by region and sized by population):
. . ) More than 100 million— 30 million— 10 milliorn— 5 millien - _ less than
o ';:“g“fgi“ca and Africa O 1 billion 1 billion 100 milion @ 30 milion 10milion * Smilion 1975 1980 1985 1990 1995 2000 2003
e Larl 2an

source: LIVING PLANET REPORT 2008 (http://wwf.panda.org/about our_earth/all_publications/living_planet_report/ )
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ecological debtor and creditor countries (1961)

1961 i
(2005 country
boundaries)

.'_\.
L3

Eco-debt: Footprint relative to biocapacity Il more than 150% greater [l 100-150% greater Ml 50-100% greater
Eco-credit: Biocapacity relative to footprint

0-50%greater )
Insufficient data
0-50%greater W 50-100% greater [l 100-150% greater [l more than 150% greater

source: LIVING PLANET REPORT 2008 (http://wwf.panda.org/about_our_earth/all_publications/living_planet_report/ )
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ecological debtor and creditor countries (2005)

Eco-debt: Footprint relative to biocapacity Il more than 150% greater [l 100-150% greater Ml 50-100% greater | 0-50%greater

] ) Insufficient data
Eco-credit: Biocapacity relative to footprint 0-50%greater W 50-100% greater [l 100-150% greater [l more than 150% greater

source: LIVING PLANET REPORT 2008 (http://wwf.panda.org/about_our_earth/all_publications/living_planet_report/ )
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reliable forecast vs. foretelling

R1-: difficult to obtain;
/ difficult to disseminate (to convince stakeholders)

V: available R2+: time to develop adequate solutions for
\coming changes; possibility to solve problems;
no emergency situation

Reliable forecast Desired result

R1+: Easy to sell any ideas as forecast;
Easy to disseminate commonsense concepts
A: is not available

\ R2-: Lack of time and resources to respond for coming
changes; impossible to solve problems;
regular emergency situations ask inventive solutions
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why do we need to know about future?

R1-: Way to get knowledge should be changed
/ (cognitive method problem)

V: know about future
\ R2+: Consistency with changes in super-system;
Possible problems are dissolved in advance

Human (e.g. decision maker) > Desired result

R1+: No changes for getting knowledge
/ (cognitive method is the same)
A: doesn’t know

about future \ R2-: Regular conflicts with super-systems;
A lot of problems to be solved
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what are the objectives of a TF?

What are the emerging technologies |
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scope of a TF
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We fail more often because we
solve the wrong problem than
because we get the wrong solution
to the right problem.

Russell Ackoff
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Why is it difficult to forecast?



why is it difficult to forecast reliably?

Please, discuss and arrange a list of causes.

Place the most important causes high on the list:
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why is it difficult to forecast reliably?

- lack of information for time

- lack of knowledge;
being & past;

- subjective approach;

- impossible to validate; _
- other technological

development (replacement of
function);

- variable socioeconomic and
political factors;

- possibility of unexpected

- dynamic environment (e.g.
changes at related sectors;

wars, economic crises,
- future trends may not follow regulations, etc.)

the regular path (past
behaviour)

- uncertainty of super-system (social, economic,
industrial, natural factors);

- since forecast itself based on subjective opinion;

- lack of knowledge about sub-systems for present
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why is it difficult to forecast?

Assumption: For strategic decision-making it is necessary to have
reliable knowledge about distant future

R1-: How to access these knowledge? - knowledge by
/ definition comes from past experience by learning

V: available
\ R2+: Reliable long-term forecast;
Secure strategic decisions
knowledge about future > Desired result

\ R1+: Common learning process to access to knowledge
N\: are not available

\ R2-: Reliable long-term forecast is impossible;
Strategic decision are not secure and

suppose to be updated regularly
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why is it difficult to predict?

The forecasting models should

<capture and simulate numerous relationships >, in order

= to represent changes in product market, in product use, and in product production;

= to characterize the activity of an economic system;

= to imitate the feedback characteristics.
However, the forecasting model should

<apply minimum characteristics>, in order
= to minimize errors owing by data (e.g. synergy effect);
= to minimize inaccuracy of results due to model complexity;

= to provide a clear unambiguous interpretation of results.
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complexity vs. design capacity

r. a 2 [Laziecniat )
’,}t

This map appeared in the December 1998 Wired
'a portion of the food web for the Benguela (Internet Mapping Project,
ecosystem (Buchanan, 2002) http://www.cheswick.com/ches/map/index.htmil)

KucHARAVY Dmitry (INSA Strasbourg) Resea rching Future 26/02/2012 08:26

18



Efficiency is doing things right;

effectiveness is doing the right things...

Peter Drucker



What are
the existing approaches?



Forecasting and TRIZ

== Rogers, E.M. Diffusion of Innovations.

== Knight, F.H. Risk, Uncertainty and Profit == Thermoeconomics

- Tchijevsky, A. Physical factors of the historical
process.
Lotka, A.J. Elements of Physical Biology
T (Biophysical economics)

- Jantsch, E. Technological Forecasting in
Perspective.
Ayres, R.U. Technological Forecasting and
T Long-Range Planning.

Fisher, J.C. and Pry, R.H. A simple
drati h . _ substitution model of technological change.
- Kon ratl_eff,_ N.D. The Long Waves in Technological Forecasting and Social Change,
Economic Life.

1971, 3(1), 75-78.
- Ogburn, W.F., Merriam, J. and Elliott, E.C.

. . . == Toffler, A. Future Shock
Technological Trends and National Policy... otre uture Shoc
. Martino, J.P. Technological Forecasting for
== Foundation for the Study of Cycles (FSC) -— - . 9 9
Decision Making
- Mensch, G. Stalemate in Technology:
Innovations Overcome the Depression

1920 1930 1940 1950 1960 1970 1980 1990

== Altshuller, G.S. Creativity as an Exact Science.

4 Altshuller, G.S. About forecasting of technical
systems development

== Altshuller, G.S. The Innovation Algorithm

Altshuller, G.S. Register of contemporary
ideas from science-fiction literature
1 Altshuller, G.S. and Shapiro, R.V. About a
Technology of Creativity
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TRIZ and Forecasting

- Mensch, G. Stalemate in Technology: - Schnaars, S.P. Megamistakes: forecasting and
Innovations Overcome the Depression the myth of rapid technological change.

== Toffler, A. The Third Wave

Ayres, R.U. Technological transformations
== Mensch, G. Theory of Innovation == and long waves. Technological Forecasting

and Social Change, 1990, 37(1,2)
<1 Naisbitt, J. Megatrends. Ten New Directions

Transforming Our Lives

- Armstrong, J.S. Long Range Forecasting.

From Crystal Ball to Computer.
Stewart, H.B. Recollecting the Future: A View

== of Business, Technology, and Innovation in
the Next 30 Years.

1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995

L Altshuller, Genrich S., Rubin, Michael. What
will happen after the final Victory...

== Altshuller, G.S. To Find an ldea:...
4 Altshuller, G.S., Zlotin, B.L. and Philatov, V.I.
Profession: to Search for New

1 Y.P.Salamatov, I.M.Kondrakov, ldealization of <L Zlotin, B.L. and Zusman, A.V. Searching for
Technical systems...Heat pipe New ldeas in Science

== Altshuller, G.S. Creativity as an Exact Science.

Salamatov, Y.P. System of The Laws of
== Technical Systems Evolution. In Chance to

Adventure...
Altshuller, G.S. About forecasting of technical

systems development
Altshuller, G.S., Zlotin, B.L., Zusman, A.V. and

== Philatov, V.l. Search for New Ideas: From
Insight To Technology...
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Technological forecasting & TRIZ

Modis, T. Predictions - Society's Telltale
== Signature Reveals the Past and Forecasts the

T 21st Century.

Drucker, P.F. Management Challenges for the  Keenan, M., Abbott, D., Scapolo, F. and
== Zappacosta, M. Mapping Foresight

Competence in Europe

Future - Kaplan, S. An Introduction to TRIZ, the - Godet, M. Creating Futures. Scenario Planning
Russian Theory of Inventive Problem Solving. as a Strategic Management Tool
Fey, VR and Rivin, E'I.' The Sc1.ence of Kostoff, R.N. and Schaller, R.R. Science and
== |Innovation: A Managerial Overview of the Technoloay Roadmans
TRIZ Methodology. oy P
Ayres, R.U. Technological Progresst A PRINCIPLES OF FORECASTING: A Handbook
== Proposed Mesure. Technological Farecasting for Researchers and Practitioner
and Social Change, 1998, 59(3), 213-233. :
N . Ackoff, R.L. and Rovin, S. REDESIGNING
Makridakis, S., Wheelwright, S.C. and Ll SgCoIETY an ovin
== Hyndman, R.J. FORECASTING: methods and
applications. 642. == Grubler, A. Technology and Global Change.
== Modis, T. Predictions - 10 Years Later.335
== Modis, T. Conquering Uncertainty
L J L J L J L J I— L J L J L J L J
1990 1992 1994 1996 1998 2000 2002 2004 2006

== Kondrakov, I.M. From Fantasy to Invention

Altshuller, G.S. and Vertkin, 1.M. How to
== Become a Genius: The Life Strategy of a
Creative Person.

Kaplan, L.A. et al. Project Cassandra: work

1 guidelines, perspectives. Journal of TRIZ.
94(1). International TRIZ association. 1994.
pp.37-42

Tsurikov, V.M. Project "Inventive Machine" as

L engineering activity-aiding intellectual
environment. Journal of TRIZ 2.1 (3). 1991
pp.17-34
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L Zlotin, B.L. and Zusman, A.V. DIRECTED
EVOLUTION. Philosophy, Theory and Practice.

Clarkesr, D.W. Strategically Evolving the Mann, D.L. Better technology forecasting
Future: Directed Evolution... Technological — _ using systematic innovation methods.
Forecasting and Social Change, 2000, 64(2- Technological Forecasting and Social Change,
3), 133-153. 2003, 70(8), 779-795.

1 Directed Evolution Techniques. In TRIZ IN
PROGRESS. Ideation International Inc.

L Rubin, M.S. Forecasting Methods Based on
TRIZ

Prushinskiy, V., Zainiev, G. and Gerasimov, V.
HYBRIDIZATION

Terninko, J., Zusman, A.V. and Zlotin, B.L.
== Patterns of Evolution. In Systematic
Innovation: An Introduction to TRIZ
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many technology forecasting methods...

c_'“w". Expert Opinion
Brainstorming - Trend Analysis
. ; Inferviews
Vision generation Focus Gro
Creativity workshops LpsS

TRIZ

Long wave analysis
Precursor analysis
Trend extrapolation

Delphi

—

< Menitoring and Intelligence Mathods
. nonitering

——

Trend Impact Analysis
Bibliometrics

Statistical Methods
Correlatlon analysis

] Demographics
Cross-impa -
] gﬂatyfsis
by Modeling & Simulation B

Scenario-simuia ”f}'l Agent modeling

Causal models
Diffusion madeling
Complex adaptive system modaing (CAS) [Chans] SA
Systems simulation [system dynamics, KSIM) TA
Technalegical substitution

Descriptive & Matrices Methods
Institutional analysis
Innowvation system modeling
Checklists for impact fdentification
Roadmapping [product-technology roadmapping]

Social Impact assessment
Multiple perspectives assessment
State of the future index (SOFI)
Morphological analysis
Organizational analysis
Analogics

Econmmic base modeling [input-
output analysis

Yaluing/Decision/Economics Methods
Achion foptions] analysis
Cosi-beneft analysis [monetized and other]
Decision analysis [utllity analyses]

Relevance
rees

Source: Cascini G. 2012
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What is suggested



why is it difficult to forecast?

a basic assumption: For strategic decision-making it is necessary to
have reliable knowledge about distant future

R1-: How to access these knowledge? - knowledge by
/ definition comes from past experience by learning

V: available
\ R2+: Reliable long-term forecast;
Secure strategic decisions
knowledge about future \ Desired result

/ R1+: Common learning process to access to knowledge

/\: are not available

\ R2-: Reliable long-term forecast is impossible;

Strategic decision are not secure and
suppose to be updated regularly

KUCHARAVY Dmitry (INSA Strasbourg ) Researching Future 26/02/2012 08:26 26



Problems are more important than
solutions. Solutions can become obsolete
when problems remain.

— attributed to Niels Bohr




Specific (particular) vs. Generic (universal) methods

METHOD — 1) is a process by which a task is completed; a way of doing something [wiktionary]
2) is a systematic procedure by which a complex scientific or engineering task is accomplished;

R1-: unflexible; different problems need specific
methods;reliability of method; easy to make errors for

specialisatiton R2+: precise; easy-to-learn, easy to memorize;

applicable, user-friendly;
easy to integrate with other methods

Method description >De5|red result
R1+: flexible; apply one algorithm for multiple problems;
reliable method; low probability of mistakes to apply;

A: long (redundant) and complex /  problem is solved in any case

generalization
R2-: abstraction is high; a lot of time to learn how to apply;

difficulties in application, user is specialist in method; difficult
to integrate into existing toolbox of methods
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source of information vs. reliability

1-. Reliability? Reproducible? How to be confident with?
A lot of personal biases and expert’s opinions

V: subjective
\R2+: Apply expert knowledge and intuition; Relatively easy
to organize (e.g. Delphi methods)

Forecast (as result) Desired result

R1+: Reliability. Reproducible. Trustworthy .
No personal biases, but laws of nature
A\: objective
\ R2-: Apply only proved data and information from past.
How to clean forecast from biases of specialists?

KUucHARAVY Dmitry (INSA Strasbourg ) Researching Future 26/02/2012 08:26
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a problem of a method for
exploratory LONG-TERM forecast

R1-: difficult to achieve repeatable results from experts; it
/ costs a lot; it takes a lot of time (low frequency to update

. L results); the results contains a lot of biases
V: applies qualitative method

R2+: it can be applied for long-term forecast due to
\conformity with law (of dialectic**) of transformation

quantity to quality

Forecasting process Desired result

R1+: the results can be obtained a reproducible way; the
/ process is cost effective; it is possible to update result
A: applies quantitative method frequently; the results consist less biases
\RZ—: it is not compatible with law of transformation
'quantity to quality’, consequently it is mostly applied for
short-term forecast.

** The law of transformation of quantity into quality: "For our purpose, we could express this by saying that in nature, in a
manner exactly fixed for each individual case, qualitative changes can only occur by the quantitative addition or subtraction
of matter or motion (so-called energy).” [Engels' Dialectic of Nature. Il. Dialectics. 1883]
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flowchart of the suggested method

An.elgggt'lr:y B. Prepare < D £ (AR E. Validate
! - PTePAre |t objectives —,| analysis | » = —> F. Apply TF
Technology project of TE A results
Forecast (TF) develop TF
D.1.1. Define Key
Functions and
Key Features
D.1.2. Law of
System
Completeness o .
Despcription D.1. Define D.2. Capitalize D.3. Analyze D.4. Build the
Boundaries of ——»] Set of ——| limitation of » Time Diagram
i System Problems resources (timing)
<
D.1.3. Impact
Analysis of
Contexts and
Alternatives
v )
. - D.2.1. Reformulate D.2.2. Define . D.2.4. Ma
D.1.4. Analysis of ) ; ) P
Dri y d Discontents into Critical-to-X DLz Rew_se_Sets Contradictions
rvers an s of Contradictions
Barriers Contradictions Features as Network
(discontents) A LY ),
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flow chart of method

“..providing a consensual vision of the future science
and technology landscape to decision makers.”
[Kostoff and Schaller, 2001]

A. Identify
needs in
Technology
Forecast (TF)

B. Prepare
project

—

C. Define
objectives
of TF

KucHARAVY Dmitry (INSA Strasbourg )

D. Perform
analysis
and

develop TF

E. Validate
results

—» F. Apply TF

Researching Future
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before studying the trends

-

~
A. Identify needs

\_
-~

J
N

B. Prepare project

\_ /
4 )

.

C. Define objectives

J

KUCHARAVY D

mitry (INSA Strasbourg)

e What are main objectives and expected outputs?
e How it will be applied for decision making process?

e Can we satisfy formulated needs without TF?
-> Go / Not to Go

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

e Who are clients, core team, and necessary external participants?
-> Detailed plan of project.

e What kind of question should be answered?

e What would we need a technology forecast for?

e How would we like to use the forecast?

e What are the data sources...? -> Validated project specification
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D. Perform a study and develop TF

D.1.1. Define Key

Functions and
Key Features

.

D.1.2. Law of
System
Completeness
Description

}

g

D.1.3. Impact
Analysis of
Contexts and
Alternatives

v

.

Drivers and
Barriers
(discontents)

(D.1.4. Analysis of )

J

KucHARAVY Dmitry (INSA Strasbourg )

D.1. Define | D.2. Capitalize D.3. Analyze D.4. Build the
Boundaries of ———»] Set of ——»{ limitation of ——» Time Diagram
System Problems resources (timing)
D.2.1. Reformulate D.2.2. Define D 2 3. Revise Set ( D.2.4. Map W
Discontents into Critical-to-X fC tev(;:_set_ €S Contradictions
Contradictions Features ot L-ontradictions as Network

A ) & )
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D.1. define boundaries of a system

-
D.1.1. Define key A
functions and key

features
J
4 )
D.1.2. Law of System
Completeness
\_ J

;
D.1.3. Impact analysis of\
Contexts and

. Alternatives
4 )
D.1.4. Analysis of
Drivers and Barriers
g J

KucHARAVY Dmitry (INSA Strasbourg )

e What are main function (set of major functions) and what

are significant traits?

-> First approximation to boundaries of system to be studied.

What are four major components of system? What are
product and tool? How energy passes through system?
-> Defined system with boundaries and major sub-systems.

How system is positioned according to Economic, Social,
Environmental and Technological contexts?
-> Definition of system and major super-systems.

What are driving forces and obstacles on evolution of
system?
-> Preliminary lists of resources and dissatisfactions.

Researching Future 26/02/2012 08:26
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D.1. boundaries of a system (example)

Law of System Completeness: Distributed Energy Generation system

Costs and rentability
¢ Full annualised cost including :
® Cost machines + installation
® Operation (fuel + man power), lifetime of unit

.Regulations . ® Maintenance (manpower + parts)
State regulations « Decommissioning
® Regulatory issues from
Sta%eholdi/ers * Cost centralized production (including among others : costs of e lectricity, gas)
* EU regulation * Energy companies
- —_—
/ Markets:
® Industry
Energy sources ¥ Y > e Tertiary
EFUEIS)__ ) Converaioh ® Local authorities
Fossil: Gas, oil, coal Machine * Residential (private persons)
* Biofuel
® Biomass-wood >
* Waste heat
* Organic waste el
® Inorganic waste e

DG
Applications

¢ CHP — Combined Heat and Power (steam)
¢ CHP - Combined Heat and Power (hot water)
Technologies(conversion) : glce;glr:;ci_tycgrwybmed Cold Heat and Power

* Reciprocating Engines+
generators
:Emfma'l Players on the value chain
. ~oomal * Equipment developpers
Gas Turbines + generators * Equipment suppliers

o ”
Steam Turbines+ ¢ Distributors, organisation M&O

generators ; . .
* Micro-Turbines + generators *® Financial and Support companies ( Escos)
® Fuel Cell
® Chillers
* Boilers Wind-turbines

* Information provided courtesy of EIFER, Karlsruhe [Henckes, L. et al., 2006]
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what is the future of some “X” technology?

intuitive prediction

70000000

60000000

50000000

40000000

cumulative, pcs

30000000

20000000

10000000

Y% error

Production of Product X

(1) Saturation:

54075774.9

Midpoint: 2002
Growth Time: 11.6

-320%

1995 1997
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1999

2001

2003 2005 2007
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% error
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20000000

10000000

extrapolation of trends

Production of Product X

(1) Saturation:  13245612.6
Midpoint: 1998
Growth Time: 4.9

(2) Saturation:  15356799.3
Midpoint: 2001
Growth Time: 5.4

(3) Saturation: 292617244
Midpoint: 2006
Growth Time: 7.0
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C O N T E XTS Public acceptance of new technologies SM

Security of energy supplying {sustainability)

Energy independence from other countries

Fiscal and Regulatory Policies Energy cost

Sociological context Political context # Embedded / Distributed power
(sociologist) L Energy consumption

Local Environmental Policies ar

Energy consumption

Global Environmental Policies o

Skills

Education context )
= Man power capacity

—

) ) Distributed power
Economical context Energy production context - .

. Centralised
(economists)

=1 Economic Growth

Energy cost

) Local Environmental Policies -
Industrial structure Occupied space use

Technological context

(engineer) = Technological chal
Technological chal

Materials

Renewables
Matural resources use 4 Energy source -  Fossil fuels
:\ MNuclear fuals

global warming =

Safety issue Environmental context="

VWater use

: B =7
Environmental awareneas,;[alr guality [

noise issues

Safety issue

KucHARAVY Dmitry (INSA Strasbourg) Resea rching Future 26/02/2012 08:26 38



D.1. boundaries of a system (example)

List of Drivers and Barriers: Stationary Fuel cell

Sociological context Economic context

Drivers Barriers Drivers Barriers
Good image of fuel cell Safety issue New business creation In recession period, hard

. . remium power, to introduce new
Local policy to reduce Public ignorance of CHP: (p m RO : ;

, . domestic CHP, energy technologies
GHG effect (demand-side | conservative market ;
services, back-up power, .

management) Allowable cost evaluation

ket f tiliti .
Decrease of heat demand | market for gas utilities) influenced by several

Security of energy supply

Need of education for Possible synergies with | factors, i.e. future energy

Lower electricity manpower mobiledsect_or will help cost
cost reduction N

ggﬁstr:iznce from other Unemployment in old Profitability not

technology field demonstrated (standby

. o attitude of investors)

Manpower demand Uncertainty on distributed

generation development

(dependant of fiscal and

regulatory policies)

Technological context Environmental context
Drivers Barriers Drivers Barriers

Meodularity Technical difficulties to High electrical efficiency: | Occupied area use
Reduction of electricity | 001 centon of 20 | oratacion ond natura

ST nIIauT T SRR AT AT B T PEALAT S

transmission losses resources consumption

. Availability of components
Heat available Large choice of primary
energy sources to

produce H2 (fossil,

Reliability on field

High power to heat ratio (lifetime, maintenance)

Lower maintenance cost renewable, nuclear...)

High efficiency at low Very low pollutant

power emissions (NOx, SOx,

High efficiency at part particles..)

load CO2 sequestration
potential

* Information provided courtesy of EIFER, Karlsruhe [Gautier, L. et al., 2005]
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D.2. Capitalize Set of Problems

: D.2.1. Reformulate
Discontents into
Contradictions
4 )
D.2.2. Define Critical-to-
X Features
N\ J
4 )
D.2.3. Revise Sets of
Contradictions
1\ J
: D.2.4. Map A
Contradictions as
Network
1\ J

KucHARAVY Dmitry (INSA Strasbourg )

e What are the problems behind of discontents and
barriers?
-> List of contradictions (technical contradictions — TRIZ).

e What are root causes of discontents and contradictions?
-> Set of metrics to measure evolution of system.

e How root causes are relevant to formulated contradictions?
-> Prototypes of contradictions of parameters (physical
contradiction - TRIZ).

e How formulated contradictions are linked?
What is the network of contradictions?
-> ‘one page’ presentation of interconnected contradictions.

Researching Future 26/02/2012 08:26
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capitalize set of problems

Critical-to-Market features: Stationary Fue

Adequacy to
user's
requirements

Maintenance
intervals

* Information provided courtesy of EIFER, Karlsruhe [Gautier, L. et al., 2005]
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what are we doing to cope with unknown?

Conflicting requirements: ___ to satisfy to satisfy N to satisfy to satisfy
9 Cost critical parameterg' Durability Energy Efficiency v Maintenance Interval 0.5kW < small SFC < 36kW (PEMFC)

high l

Membrane and

common Bipolar plate —
. I noble- type of
uniform absent L materials
] H2 Rich gas +
a4 " oxygen in each Cell
2. Durability uniform- of Stack -
Contro|= complex uniform distribution
Structure/
Management complex
= low non-uniform
Water
complex stactl present | management in
. the system —
; Operating
high
9 temperature ExteSrnaI \INater
stable upply
complex J
present noble
Bala?Bcg F.o)f Plant N , - Cell of Stack -
= S absen complex| H Current
Structure /\ high Cell of Stack - distribution
Humidity rate and
Temperature
variation
simple imol
complex high simple Stack — Pressure
H2 Rich gas + i inside
xygen in Stack - gntiorm
Flow rate low hig
. L low
Noble metal 3. Electrical Efficiency Fuel processor — fuel
catalyst in each high in use (including load purification
Cell of Stack - variation) absent
amount 5. Maintenance
L N SN intervals
Output |—————fow
Current low
present
Fuel Processor
. = By Fuel processor -
simple consumptions / hydrogen purification
high Adaptability to fuel
(For High Hydrogen
Low duaih)
6. Adequacy to user ) Stable absent
requirements high
o Fuel processor - Operation
PrS:;asZos: lnai:j:t:nt high temperature of Reforming
step

absent.

* Information provided courtesy of EIFER, Karlsruhe [Gautier, L. et al., 2005]
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[ ] [ J [ ]
.3. Analyze the limitations of resources
Technological barriers assessment:
 What are Science and Technology + Research and Development
activities addressed to identified problems?
Value . S&T’.R.&D i Experimentation
Element- | Value 2 Limiting activities, | Exploration, 2 o ati
Feature 1 (opposed) resources Project years exar:;?sa on,
PP names y
Noble metal Platinum
catal_‘,fst o ) : needec_i al <Project 1 <Projectl <Time for field
each Cellof | Low High low S
1 = name= duration=> tests>
Stack - temperature
amount (<400°C)
<Substance. e o .
<E2 -F2= <V= <A Field, Time. -Pro) ect - 'PIOJ.EHT “ime fo..1_" field
. name= duration= tests>
Space etc.=
“E3_F3> | Present Absent | <Time, No Ffp_emﬁc <:3?1‘+I:gec1:’35 <Time fqir ﬁeld tests
Space etc.= project duration 77> 7>
couple
processor - Low Hieh tliclmﬁfc-g:.r <Project N <Project N <Time for field
Quality of = . o= name= duration= fests™
- g for NG and
outlet gas :
= biofuels

KucHARAVY Dmitry (INSA Strasbourg )
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what are we doing to cope with unknown?

Highest priority

R
3. Electrical
Efficiency in
Jan.
( 2006
Jan.
2008
Adaptability to fuels LA N N N
(For High Hydrogen
quality) Stack - 5
] | H Operating Stack — Pressure an.
H2 Rich gas temperature —1 inside 2010
=N + oxygen in | Cell of Stack - Balance of Plant (BOP) -
lr 1 U each Cell of —'U‘—'w Current — Structure
Fuel Stack - distribution Cell of Stack - I i
Fuel Processor | | Fuel l| processor- || Catalystin distribution Loadl® 1| Humidity rate and Water management in the
= Energy Hprocessor -[{ Operation H Fuel || — | Output e Temperature system — External Water Jan.
consumptions | |'hygrogen | | temperature | [Processor - | Current VETETe Supply 2012
purification [ [ of Re:ormlng amount H2 Rich gas + L
T step oxygen in Stack - | 1 —q
e Flow rate
: - Fuel processor — L ] Membrane and Jan.
Maintenance fuel purification | | Bipolar plate — | 2014
intervals type_of
materials Control — Structure/
Management
]
Noble metal B
catalyst in
— each Cell of
Stack -
amount
4. Emission 2"820
Balance of
Fuel Processor Stack
Plant

»

Product: Electricity + Heat

* Information provided courtesy of EIFER, Karlsruhe [Gautier, L. et al., 2005]
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E. validate and F. apply the forecast

/

E. Validate results

~

(peer review)

-
4

o

/
)

F. Apply the
forecast

KucHARAVY Dmitry (INSA Strasbourg )

e For consistent validation of TF the major clients and
partners should agree on:
- key functions of the analyzed system,
- key enabling technologies
- major trends in the evolution of the surrounding
super-systems

e Depends on:
- needs and formulated objectives,
- transparency and intelligibility,
- credibility and consistency of the technology
prediction.
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flowchart of the suggested method

An.elgggt'lr:y B. Prepare < D £ (AR E. Validate
! - PTePAre |t objectives —,| analysis | » = —> F. Apply TF
Technology project of TE A results
Forecast (TF) develop TF
D.1.1. Define Key
Functions and
Key Features
D.1.2. Law of
System
Completeness o .
Despcription D.1. Define D.2. Capitalize D.3. Analyze D.4. Build the
Boundaries of ——»] Set of ——| limitation of » Time Diagram
i System Problems resources (timing)
<
D.1.3. Impact
Analysis of
Contexts and
Alternatives
v )
. - D.2.1. Reformulate D.2.2. Define . D.2.4. Ma
D.1.4. Analysis of ) ; ) P
Dri y d Discontents into Critical-to-X DLz Rew_se_Sets Contradictions
rvers an s of Contradictions
Barriers Contradictions Features as Network
(discontents) A LY ),
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US music recording media

US Music Sales by Media

100.00 = 99 %
\‘\
.
Y
N

10.00 a0 %
z
. L
— —-"inyl =
£ 100 4| - Cassette 50%
= H—¥ CD&DVD m
| —de mp3_scen %
B (1]

0.10 10 %

0.01 / 1

1870 1875 18380 1885 18490 18495 2000 2005 2010

* Sources [5, 6]:
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what are we doing to learn unknown?

¢ Extrapolation of past trends in accordance with laws of evolution:

simple logistic S-curve, component logistic model, logistic

substitution model, time series analysis...
Genrich Altshuller, Cesar Marchetti, ...
¢ What is different: study of the key problems but not the solutions

analysis of contradictions, networks of contradictions, learning

the future limits of resources;

social, economic, environmental and technological contexts.
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Kuc

Those who have knowledge, don’'t predict.

Those who predict, don't have knowledge.

-Lao Tzu
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How to improve
reliability
of forecast?



How to improve reliability of technology foresight?

1. Adaptation of logistic models of growth for emerging

technologies (towards quantitative methods).

2. Adaptation of knowledge about cycles, trends and

patterns in super-systems (towards system approach).

3. Improvement of repeatability and reproducibility of
forecasting with evolutionary computation methods

(towards independency of expert’s biases).
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how the stable elements were discovered

MNumber of elements

p-

2 g

Discoveries 96+ ",
peryear 04} e .,
02) U S .

* Source: Modis, T. Predictions - 10 Years Later. (Growth Dynamics, Geneva, Switzerland, 2002), pp. 149. ISBN 2-9700216-1-7.
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Component logistic model

THE STABLE ELEMENTS WERE DISCOVERED IN
CLUSTERS

Number of elements
known 10,0’_

Discoveries 08 S .
y ‘ -'_,-' ‘\._'-
per year 0 } -

nnnnnnn

1900 1050

* Source: Modis, T. Predictions - 10 Years Later. (Growth Dynamics, Geneva, Switzerland, 2002), pp. 149. ISBN 2-9700216-1-7.
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Growth of knowledge and logistic models

What kind of information about knowledge should be measured ?
before system passes the 'infant mortality' threshold;
before having enough data for growing variable trend.

Knowledge acquisition,

4 in percente of readiness to
100 — transit to the next phase - -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, cr 3 - -
7 s
R — A— Q/ ,
_ / / /
75 |
/ | /
I / | /
50 __ ,’ Experimentation ,’
! (Field test) | /
Explorqtionll / Exploitation | /
25 — (mventlon} (innovation) ,’
0o —= ‘ —— >
T Time
Invention innovation
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"...the distance [between invention and innovation] decreases
regularly inside a certain wave, but starts larger again
in the next [wave]...”*

12 3 4 1§66 78

101 ' _ 90%
F - N F
100 _ . ' - 50%
@
@ ' _
10—2 + ' +- ‘

1700 1800 1800 2000

The distance between center points of invention-innovation waves
(1-2; 3-4; 5-6; 7-8) is always about 55 years, one Kondratiev cycle.

* Marchetti, C. Time Patterns of Technological Choice Options. p. 20 (International Institute for Applied Systems Analysis, Laxenburg, Austria, 1985).
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THANK YOU !
)

http://lgeco.insa-strasbourq.fr/lgeco/elements/equipe/licia.php
LICIA / LGECO - Design Engineering Laboratory

INICA Cbomme e oo YA oo d d e N VS ek D
IINOSA SLraspoury, £4 vu ae id victoire,

67084 STRASBOURG, FRANCE

dmitry.kucharavy@insa-strasbourq.fr

www.seecore.org
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