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Designing new energy systems:
beyond decision and optimization,
design theory and methods to manage R&D
and innovation

. Characterizing the transition challenge: shaping the
unknown

. A paradigm shift in collective action: from decision-
making to innovative design

. Consequences: new firms and ecosystems
organizations — cooperative architectures

. Conclusion: public policies in transition — from
« incentives » policy to « capacity » policy
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Contemporary innovation: from planning and
optimizing to...

« Stabilized valued,
continuous
Improvement of
performance

« Stabilized
competences —

technical schools,
R-labs,...
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Contemporary innovation: from planning and

Changing the identity
of objects

i The house as

a power i
Renewina desian starions Local motors,
I dg g additive fab >
ruies an
competences Cloud computing, internet of things...

Lab-on-a-chip

New collaborations:
alliances, platforms, Additive fab Negawalt & PIocess

communities, open

Innovation, (intel)
networks...
ITRS (Ifternational
 AppleApps, [ Technology Roadmap
: Architecture Lab y
Android (Gawer et al) for Semicondlictm?rminmfj.3
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Critical

ISsues for expansion

& PSLx
at “[hﬁ:h* :1 IFI \5-«FE ?\ R §

Fragile giants...

(Innovation) bubbles — hype
and disappointment

Limited success of
Incubators and start-ups

Unsuccessful, costly
iInnovations

Orphan innovations (Agogué
2012)

Forever technologies of the
future

K4l | e Masson 2016

Visibility

Technology  Expectations Trough of Slope of Plateau of

trigger peak disillusionment enlightenment  productivity

Maturity

Figure 1. The Gartner Consultancy ‘“hype cycle’
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Regime transition? Not only one trajectory...

Evolutionary, substitutive Orphan innovation, Generative, interactive
model of transition “locked” industries model of transition

* Unlocking rules
* Locking rules * Collaborating entrepreneurs (college of

* Locking rules

* Competing entrepreneurs & incumbents
* A weakened system is replaced by a new
one

* Competing entrepreneurs the unknown)
* Limited survival — no growth * Ecology of concepts of socio-technical
systems

Mobility devices,
semiconductor
tech, ...

Autonomy of elderly
people,
2-wheeler safety, ...

Landscape
level
(society)

Regime level:
rules,
system,
actors

Niche level
(entrepren
eurs)

N ~N
7‘/7*7}7‘ 7‘—7;\)/5;
SYANNGN Y,
Neither market, nor planning warranty one trajectory...
How can we manage transition? Collectively?




Designing new energy systems:
beyond decision and optimization,
design theory and methods to manage R&D
and innovation

. Characterizing the transition challenge: shaping the
unknown

. A paradigm shift in collective action: from
decision-making to innovative design

. Consequences: new firms and ecosystems
organizations — cooperative architectures

. Conclusion: public policies in transition — from
« incentives » policy to « capacity » policy
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Cognitive obstacles to collective
expansion

« Open innovation, co-design, design thinking, brainstorming, fablab...
« Is it efficient?

A « productivity gap » phenomenon in brainstorming !
Individual and collective cognitive causes

How to make a
square by moving
ONE match?

Cognitive fixation on « square » :

Square = geometrical shape
Square = mathematical operation (2x2)

K4l | e Masson 2016



A paradigm shift in collective action:
from decision making to design

In the 50s : optimization capacity? - decision theory.

Today : expansion capacity? - design theory

Sue.pose ,:[hat 5_51 set Is there a bias? How
of “ideas” is given to measure it?
Frequency

If there Is a bias, what

are the causes?
Ideas\)
How can one
I overcome the bias?

'{’" SETTYEEEER | c Masson 2016



« Models of thought » : new design
theories for expansive reasoning

General design
theory
(Yoshikawa 1981)

Axiomatic Design
(Suh 1988)

Coupled design
Process (Braha &
Reich 2001)

Infused Design
(Reich & Shai 2001)

C-K theory
(Hatchuel & Well
2002)




One example — individual fixation (Agogué
Cassotti et al 2013)

You are a designer — propose as many creative solutions as possible on the
following design issues:

Make that an hen’s egg launched from 10m height doesn’t break

Espace C Espace K

Physical properties of the egg
Cooked / raw / frozen

Flotation Alimentation and its impact

How to solve the
problem if you throw
aman?

Shape and pressure
Vinegar and the shell

I
I
GMOs :
on the egg fragility :

Egg handling
Manipulation of the egg in the

VI evice
Without a device industry

Problematic

Witha Using the intrinsic Usingtheintrinsic | e m e e e e e e e e e e e = -
living device properties of the properties of the

egg environment

Explosives transport
Stability, fluidity

Linking the ground  Properties of the air Baby
! to the egg Resistance & Gravity Protective shell
Before the After the 4 Slide Magnetic properties
fall fall Modifying the ’
properties

Using the natural , inal " Banister
properties inwater) | Stairs Platform / air / e oy
ground Religion

| e the BT i dddd

 The fall i Shells

Interrupting the f |
Slowing the fall

|
| |
Philosophy Ecology :

_______ Snail, chesnut I )

I | Social values ~ Networking
FECROtion I || B e e ——

Landing : Cats, Monkey

Catching : Eagle, Spiderweb | | Magic
I

Natural devices
Snowflake
Dandelion dissemination
Samara’s fall hy Transportation !
Oscillating leaves Link to the ground ! Cloning
ey T Giraffe, chameleon Hologram .
Iy

Optical illusion

1
1
' | Simulation of the fall

I

! -

| Animal training
I

Slowing the fall

Living devices Eagle, cat

Restrictive
JES reasoning

Expansive
reasoning

& PSLx
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One experiment: the egg’s task

Designing a pro
that a hen's egg

Without a device

_ _With a Using the intrinsic Using the intrinsic
living device properties of the properties of the
egg environment

5%
Before the After the
fall fall Modifying the Using the natural

properties properties
3% 0%

4%

3% 0%

1- There is a bias
33% 26% 22% 5% 2- The bias is
——— relat_ed_ to
_ restrictive
reasoning

-

Le Masson 2016



7

MINES

iTech

height of 10m does n

With a
living device

4%

Before the After the
fall fall

3% 0%

Interrupting
the fall

26% 22% 5%

81%

30%

PSLx

R
UNI

TYXLR | e Masson 2016

The impact of example on

iIndividual creativity

Without a device

Using the intrinsic Using the intrinsic
properties of the properties of the
egg environment

5%

Modifying the Using the natural
properties properties

3% 0%

Designing a proce
that a hen's egg dro
height of 10m does not

_ Witha Using the intrinsic
living device properties of the
egg

4%
Before the After the

fall fall Modifying the

properties

8%

N Interrupting
the fall

21% 18% .

69%

t a device

Using the intrinsic
properties of the
environment

3%

Using the natural
properties

0%

Exemple
Restrictif

Y

Sans
Exemple

Exemple
Expansif

19



Agogué et al.
2012)

One example: identify fixations In
biomass enery with C-K theory

Concept

A better valorization of
biomass energy

With a known social
point of view

With a known
infrastructure, as a
Better energy efficiency
of an existing  ®P30
valorisation

Restrictive reasoning
(optimization)

\>

Better from a social
point of view

Improved /
infrastructure in energy
?ﬁmnn

With an existing
production process

With a new productio
process and a new
infrastructure

With an existing
production process and
a know infrastructure
With a new production @31
process
Recycling nergy plan

Calibration

(thinkable imaginary)

Expansive reasoning

Knowledge

Biomass

Treating raw material

Evaluating raw

material .
Using raw

material

Arbitration food / energy
Valorisation Type of energy

Using biomass
energy

Neither a market
Issue, nor a
planning issue..
But cognitive
issue! 2
Organize to
expand
collectively?




Designing new energy systems:
beyond decision and optimization,
design theory and methods to manage R&D
and innovation

. Characterizing the transition challenge: shaping the
unknown

. A paradigm shift in collective action: from decision-
making to innovative design

. Consequences: new firms and ecosystems
organizations — cooperative architectures

. Conclusion: public policies in transition — from
« incentives » policy to « capacity » policy
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From R&D to RID

reddot design award
winner 2013

New methods,

New organizations
New strategies

Thales Innovation hub

. . “ reddot design award
» Renault Innovative Design Lab é best of the best 2012



From R&D to RID

Mission

Goals

Ressources

Horizon

Economic
(1
value

Research Innovative design
(R) (1)

Scientific autonomous Innovation field
guestion
Validated knowledge Design strategies
(plateforms, lineages...)
Laboratories, Coordinated
competence teams, exploration groups and
universities, literature... [EUSERERELE ]
Depends on the Contingent & strategic
Investigation techniques JELELEoNlES0]pEE)
Value of the initial Risk and optional
guestion strategies + knowledge



Innovative design methods and
DroCcesses

* Analysed in one framework...

+ Two contrasted patterns

* Evaluation criteria B

New knowledge

¢ T u n I n g b re akth rO u g h - e Brogard Joanny 2010

solution »... \ . extension Knowledge
new K for

Classic K X
motorist

Knowledge Concept

Identifier les Imaginer, formuler
les concepts de

Définition
Choisir fe champ

dinnavation et 'équips :
pluridisciplinaire, planifier le Proposition
proj

recherches, etc

« Collaborative innovative design

Le Masson 2016
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New methods,
New organizations
New strategies

» Renault Innovative Design Lab

From R&D to RID

reddot design award

winner 2013

But the firm
alone can not
overcome all

Innovative
design issues

reddot design awa - new
best of the best 2012 ecosystems?



The firm alone can not overcome all
Innovative design issues > new ecosystems?

Without cooperative architectures:

orphan innovation

Road victims Patents on hemp & construction
120000 = .
FR Patents on Hemp and construction
100000 2RM e
80000 ~Véhicules Légers 2
60000 6
40000 4
Autonomy of 2
B elderly people
' 0

T \NBL T —— N 1980-1984 19851989

one pat!

explored

Hemp for

middle age
houses

ACCTCNENN restoration
2012)

Restrictive Expansive reasoning
reasoning L

26



Cooperative architectures

for iInnovative design

Without cooperative architectures:

orphan innovation

With cooperative architecture:
expansion & growth

Road victims

Patents on hemp & construction

12

1ZDEEY FR Patents on Hemp and construction
100000 2RM 10
80000 ~— Véhicules Légers g
60000 6
40000 4
Autonomy of 2

elderly people < )
- [ &sujl’imeraction ocial et physique 0 - B
e Vw'nfl'awimnr{eir?em - 1980'1984 198"_\'1989
Svsti:::::::’:ﬁlélque One path arChi : Creation Of
Suppléance eXpIOred mUItiple paths

~_ -

Restrictive Expansive reasoning
reasoning L

Ethique et juridique
Systéme technique

Hemp for

middle age
houses

ACCTCNENN restoration
2012)

Hemp beton, hemp for roofs, for
walls, hemp coating, multi-
functions (weight, isolation,

hygro-inertia,...); with new
processes ; for bricks,...




ITRS, International

Tednolahy Cooperative architecture

Roadmap for

Somiconductors to address Moore’s law: ITRS

* Involve the whole industry every 4 months

* Free map of all the « unknown », needed technologies: open agenda of innovations!

« « We are not picking winners or losers » - NOT planning a single path > NOT
decision, but cooperation for expansion

007 2010 2013 IR 2018
s ;e | 20 a0ms | oz |

) | sems | w0 me | s Example photolithography -
‘ cooperative, expansive reasoning
193nm A '

Smaller feature fabrication
193nm immersion with water S
| | ™

; \L;“\ x,l{ ¥ ' enberg-
mmerlon Fy like imprint
193nm-immersion other fluids h g -
EUV

EUV

32 193nm;,-other.fluids,.other lenses
[mprint, ML2

EUV Printed Printed
innov:193nm-immersion ;

gate length || gate length
i = physical || > physical
Y gate length || gate length
Imprint, ML2
_-_—_J-

16 Innovative technology, R —
innov EUV, imprint, ML2 0

5 PSLx
2 PSL
MINES S R ESEARC

Tech™ UNIVERSIT
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Cooperation of Larger set of concepts, increase defixation

IrTNEIntE Improved methods at the archi level
designers

(firms, labs, Improve innovative design capacities inside companies

users,...) to Limit false expectations
expand Better risk management at the ecosystem level

«common
unknown » Open to new partners

Variety of forms: « pdles », NGOs, professional associations,
(some) research labs, schools, universities,...

Sirate




Designing new energy systems:
beyond decision and optimization,
design theory and methods to manage R&D
and innovation

. Characterizing the transition challenge: shaping the
unknown

. A paradigm shift in collective action: from decision-
making to innovative design

. Consequences: new firms and ecosystems
organizations — cooperative architectures

. Conclusion: public policies for system design—
from « incentives » policy to « capacity » policy
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Public policies for system design— from
« Incentives » policy to « capacity » policy

Issue: collective venture into the unknown

Optimization & planning: fixation, low hanging
fruits, no knowledge regeneration, orphan
Innovation

Incentives ? - risks: reinforce fixation,
speculative bubbles

Capacity building policy ? = education,

« Innovation quality » reports, design referential
at ecosystem level

31



5th European Energy Forum
session 2: RDI choices and

consequences on the organization

Designing new energy systems:
beyond decision and optimization,
design theory and methods to manage R&D and innovation

Pascal LE MASSON

Prof. MINES ParisTech, Chair of Design Theory and Methods for Innovation
Head of the Center of Management Science — i3 UMR CNRS 9217

MINES ParisTech — PSL Research University
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Characterizing the capacities
needed for transition

Decision-
optimization -
fixation

R&D - no
regeneration

Reasoning

Organization

Asset mgt 2> « low
hanging fruits »

Governance

Value chain -
orphan innov, self-
destruction

Ecosystem

K4l | e Masson 2016

Expansion

RID

Growth

Cooperative
architecture

What kind of public
policy for innovative
design?

34



Risks of an « incentive » public policy

Incentives
policy?
Reasoning Decision- Expansion Fixation ++
optimization -
fixation

Organization R&D - no RID Only delay
regeneration collapse?

Governance Asset mgt 2 « low Growth Perverse
hanging fruits » incentives

Ecosystem Value chain - Cooperative  Speculative
orphan innov, self- architecture bubbles
destruction

« Incentive » public policy: support to entrepreneurs, to research,...
- Not adapted to innovative design and transition
| = And even risky




L'enjeu de politiques
« capacitaires »

Capacity
policy?

Reasoning Decision- Expansion Fixation ++ Education
optimization -
fixation

Organization R&D - no RID Only delay « Innovation
regeneration collapse? quality » norms

Governance Asset mgt 2> « low Growth Perverse Innovation report
hanging fruits » incentives

Ecosystem Value chain - Cooperative  Speculative Design
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Problématisation

Méthodologie

Limites & perspectives

O R2: La transformation des biens de consommation est permanente
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