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Key points

Part |

» Policy landscape (why sustainable development is more relevant in policy?)

 In the context of industry and sustainability What is Circular Economy?

» Discrete islands of change (within companies and supply chain) (how to
bring this to and upscale to societal level)

« What is Industry 4.07?

« CE Riding on 14.0 success?

Part Il

« Alignment of BM innovation and standards (above all standards)

« Legacy systems unlocking — from innovation systems to transformative
Innovation

« Behavioural approaches to policy analysis and design — nudging change
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Increased international competition (the catching up/emerging economies and new nationalistict
geopolitics);
End of purely cost/quality driven competition;

Increasing productivity of labour and capital/constant decreasing employment trend (across EU in
medium and low tech sectors);

Decreasing returns of R&D in maturing sectors;
R&D becoming a commodity while firms face faster innovation cycles;

Europe betting on innovation to maintain welfare model. This is a necessary but not sufficient
condition. What else can be done?

European response to climate change, energy, water, food, mobility, raw materials scarcity,
security, health, aging population, etc.

Response at two levels: Industrial Renascence and Mission Oriented Policy

Change rules of the competitive game... sustainability at the core (health, water, soil, air, mobility,
security, inclusiveness, etc.) Digitalisation seen as enabler...
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er integration of value networks




1.4.0 - PARADIGM SHIFT
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Integrators and engines
of industrial change
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ms and standards alignment
Architecture Reference Model Industry 4.0 (RAMI4.0)

Layers

Business

US, EU, CN reference Models

a) Smart manufacturing ecosys- | b) The reference architecture | ¢) Smart manufacturing standardi-
tem of NIST model for Industry 4.0 zation reference model of China

LiQ., Jiang H.,, Tang Q., Chen Y., LiJ., and Zhou J., (2017), Smart Manufacturing Standardization: Reference Model and Standards Framework, Springer International Publishing AG 2017



HOW DIGITAL PLATFORMS FOCUS ON THE AUTOMATION PYRAMID (HORIZONTAL/VERTICAL

Autonomous Smart Hyper connected factories (within the supply chain)
Factories (inside the Smart Connected Supplier Network (innovation hub)
factory) Tradecloud, SupplyDrive (business platform)
SmartFactory IDS (data platform)

Kaiserslautern
technologyinitiative /
{innovation hub)

MindSphere (data
platfor

GE edge to cloud

Fiware

No single-platform-does-it-all-scenario
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inability and
onomy

INCINERATION LANDFILL

EXTRACTION AND IMPORT OF NATURAL
RESOURCES, INCLUDING ENERGY CARRIERS



CE in the value chain

VALUE LEVERS COVER THE ENTIRE MATERIAL FLOW CHAIN
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Extraction Processing Manufacturing Usage Recycling

Valuelever Increase mining Increase Optimize product  Shift in usage Increase recovery
efficiency processing yield design & waste models share
Startup/SME Digital mining Digital processing Digital manufacturing ~ New business models Recycling technologies
value pools technologies technologies technologies = New usage models ® |everage data
= Software, services = Software, services = Software, services that shift product-to- analytics and
and digital equipment and digital equipment and digital equipment senvice advanced robotics to
to better understand to optimize material to optimize product (e.g., sharing automate complex
resource base, flow, automate and and plant design, models), virtualize recycling processes
optimize monitor processes, automate and inter- products or Capacity expansion
material/lequipment and optimize failure connect reuse/redistribute » Business cases along
flow and optimize and safety rates manufacturing existing products secondary material
failure and safety processes supply chain are
rates becoming viable due
to shift in regulation,
prices, technologies
Examples = Sensors, remate = Material flow = Virtual product design = Car sharing, energy = Take-back platforms,
steering equipment, software, remote software, rapid sharing, pay-as-you- urban mining,
geological modeling, steering, augmented prototyping solutions, use appliances automated e-waste
predictive reality, predictive augmented reality recycling

maintenance

Source: SystemiQ

maintenance




KEY ENABLERS IN CIRCULAR ECONOMY IN MANUFACTURING o
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Flexible, smart and resource
efficient manufacturing systems

Track and Trace
Clean advanced Connected digital factory

materials and processes

Energy
Efficiency
Nanomatensl  Unicnes pera
- avanzacos
Fabricacién
i -~
compostes
Tecnoioglas




Figure 2-3

screte islands of change

Eco-innovation opportunities in the value chain - Automotive sector
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Figure 2-5 Eco-innovation opportunities in the value chain - Aerospace sector
Resource Intermediate Waste
generation production user treatment
pre— Consumption
il End progucts Recyciing

Tier 3 suppliers and basic materal suppiers
be
included in a variety af othar industry sectorf

Figure 2-4 Eco-innovation opportunities in the value chain - E&O equipment sector
Reurce ntmecine Waste treziment
End products Recycling
]
siicon | ! [ Manufact| Design | Modeling,
i | process Simulation
c Test e
Enabling | [Sauipmen components H
tech- ] |
i nologies [~ | peemedeeoo . Manu- |
purification T Bipiays 1 L
Ceramics ! Resistors | :
! Capacitors | H
Lommiioaa ! H
Plasma Lol Data 1. [ Recyeling
1| etehing processing :'
Semi- H
Lit h !
fthography conductor H
Semi- manu- = H
conductor Ton implan- facturing Eee |
manu- tation |1 | Photonics i
facturing — i
Diffusion
equipment fumaces Integrated | Discretes
circuits
Chemical
Figure 2-6 Eco-innovation opportunities in the value chain - construction sector
Resource Intermediate Waste
generation production Veer treatment
— Consumption
[Resource End products Recycling
Asphalt
Ol Extraction production L 2
‘ Comfort | Concrsts
heaith
insuiation |
Asphal
Aggregate T roy use pvoment
(plastics) Energy Wood
Bui
Metal Building 2 production
products sogmaonts e
Regeneration of Rt
Caramics s0il
mianufacture
Freparation of Shingles
Come!
Manufactors
Froparation of
Forest Toundations
Products
Manufacture Building

construction




Paradigm shift — Digitalisation of industry

Horizontal
integration along
the entire value

network (inter-
sectors)

Systems
integration
product-service
systems

vertical
integration (intra-
sectors)

New social
organisation of
industry and
work

Continuos
development of
Industry 1.4.0

14.0 Roadmap transition strategy

Methods for new economic models
Framework and methods for new business models

Alignment and application protocols across value networks

Integration of real and virtual worlds / interfaces for customer intimacy, manufacturing networks and frameworks for big
data governance

Systems engineering

Sensors data analyses infrastructures and protocols for process guidance data based

Intelligence, flexibility and adaptivity

Design of workplace and acceptance of technology

Multimodal assistance systems

Cyber-physical communication systems for smart industry
10T security and safety protocols and regulations

Industry platform development

innovation
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Technological developmentsfor

Industry 4.0 according to the
European Parliament

eInformation and communication
technology

*Cyber-physical systems

eNetwork communications- Internet of
Things (loT)

eSimulation

sAdvanced data analytics

*Robots, augmented reality and
intelligent tools for support of human
workers

m innovation
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Ten disruptive technologies for

circular economy according to
Accenture

*Mobile technology
eMachine-to-machine communication
*Cloud computing

*Social media for business

*Big data analytics

*Modular desing technology
*Advanced recycling technology

eLife and material science technology
eTrace and return systems

*3D Printing



TRANSITIONS STRUCTURATION STEPS

a) definition of the societal challenge (Circular economy implementation);

b) development and accumulation of a critical mass across different type of actors that recognize the issue as
important and is willing to generate visions and contribute to the solution;

c) appearance of lobbying groups (pro and against) and increased public debate;
d) emergence of institutions advocating, hosting and proposing approaches to address the issue;

e) adoption of the issue in the policy agenda by government and multilateral organizations;

f) development of technical and managerial approaches to address the issue;
g) investment flows to develop and test solutions while patenting and IPRs are settled;

h) early adoption sprout niche markets supported by policy instruments (e.g., taxes and subsidies), regulation and
standards start to consolidate markets;

I) investments for production up-scaling often backed by sectoral policy and regulation and wider diffusion takes place;

j) mass markets growth, competition and distribution of production locations become issues for industrial policy.

Montalvo & Leijten 2015
- TNO (i


http://www.tno.nl/

UPSCALING AND STRUCTURATION SCENARIOS

Implementation over time horizon 2035

Marginal evolution Moderated evolution Change in full swing

Ideation Leading sectors adopt CE Full legitimisation across sectors

Primary Knowledge accumulation Specialised knowledge in education Broad deployment of pilot projects

Increased participation across Lobbying groups coopted in

Pockets lobbying groups

O
=

Institutional validation CE Sectoral policy roadmap in EU CE in Sectoral policy in MS

New managerial approaches New business models, Digital issues

Issues of tracking products monitoring
pDrocess

mainstean

Investment level and islands, CE and

Policy multi-lateral support 14.0 PPPs adopting CE principles

sabels uoleinionils 30

Early Investment pilots, IPR Islands of change

CE expands to whole value chains

Early adopters/policy Alignment of new business models

=
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Markets in full swing

alingnment support diffusion CE

Early upscaling/regulation
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Advances in Cleaner Production School (AmiCUS)
12-14 August 2019, UNISON, Hermosillo, Sonora
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Best Path:
Nudging innovation for sustainability

BestPath is an approach that builds up from the
micro-motivations that guide people’s behaviour
and interactions in specific situations to gain
better understanding of collective behaviour.
Upon this basis BestPath in turn aims to find the
optimal pathways to nudge innovative behaviour
according to strategy and policy goals.



Behavioural insights for policy: global deployment

2014 few institutions

*Nudge Units’
around the world

THE
BEHAVICURAL
INSIGHTS TEAM.

UK )

Singapare: () Friss
Mintsier s Oz & 00
Minbitoy of Merpowes

Sydaay: (4 KT

Dshaviowsd
tratgats Liedt, Dew
Souh Wales

Awrtralia: Depammant of
M Prime Ministes and Cavinet,
Deparyrert of Carberis

2019 — 202 institutions

Source: OECD Ressach (2018)

Behavioural Insights and Public Policy
Institutions applying Bl to public policy around the world

-

Institutions inside government Institutions outside government Multi-national organisations




Innovation Systems Transformative Innovation Systems

Current approaches available

NSin SIS Innovation System Functions (system Transformative Innovative Behaviour

failure) . .
e Actors . Behavioural insights

* Entrepreneurial activities
* Knowledge development
* Technologies * Knowledge diffusion/Networks
Nelson, Freeman, Malerba, etc... * Market formation . Innovation ecosystems alignment
* Resources mobilization
* Acting on legitimacy and change
resistance of stakeholders

* Institutions & Rules
. (functions, goals, patterns)

. . Collective dynamics (Contestation)

. Nudging (systemic?) innovative
behaviour

Montalvo, Wehn, Weber, Beckenbach, etc.

Hekkert, Suurs, Negro, Kuhlmann, Smits...etc.

Innovation Systems Transformative Innovation Systems
. Promoting competitiveness, employment and growth * Promoting solution of societal challenges (mission oriented, transformative)
. Focus on individual rationale (entrepreneurial, company, sectoral activity) * Focus on collective rationales
. Focus on system failures: drivers and barriers to innovation and change * Focus on systems dynamics and actors interaction: social goals, relational models
. Does not address interactions between actors e Convergence to common goals
. Instrument policy mixes *  We lack conceptual models that describe the sources of inconsistency between laudable

policy goals and coherent and adequate collective action to guide policy instruments
design to effectively coordinate transformative innovation



Behavioural insights strategy and policy focus

. .. . . . Fi; 3.3 Virtu 1 i1 i ds the devel. t 1
Figure 1.1 Vicious cycle of resistance to engage in clean production e rtuous cycle of willingness towards the development of clean

technologies
Montalvo, 2002 B 5
’ Analyse the behaviour "-_ Design
(including field research) : intervention

Determine the
archetype of

Objective :ﬁ?ﬁ;ﬁes e A L)
of
changing 9

business
behaviour

@y

* Select target Actual
behavioural
change of
businesses
Determine the
behavioural drivers
and values of

]
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companies

e e e e e e e e e e e e e e e e e e e e e

PWC, 2018

Monitoring and evaluation of effectiveness



WiCkEd SUStainabiIity Cha"enges (solutions space disagreement)

Different pathways for MIP in the problem-solution space

Diverging views on the Converging views on the
problem problem

Problem in search
of a solution

(1)

Diverging views on

. Disorientation
solutions

Converging views on
solutions

Solution in search

Alignment
of a problem

Weber et al 2018



Multi-agent Consensus Problem

B Main idea

B Having a set of agents to agree upon a certain value (usually
global function) using only local information exchange (local
interaction)

W Also known as:
m Agreement problem (economics, social networks)
® Load balancing (Computer Science & communications)
® Synchronization (statistical mechanics)
® Rendezvous and flocking (robotics)

m Old problem: Markov Chains (60’s), Load balancing
("70), Distributed decision making (80’s), flocking (00's)

= Smart Industry: Dynamic competitive-collaborative value
networks in business models



Behavioural Policy Pathways (BestPath)

BestPath is an approach that builds up from the micro-motivations that guide people’s behaviour and
interactions in specific situations to gain better understanding of collective behaviour. Upon this basis
BestPath in turn aims to find the optimal pathways to nudge innovative behaviour according to strategy
and policy goals.

Modules of approach

 Individual propensity and behaviour (taking into account dynamic collective influence)

Collective behavioural patterns

» Actors asymmetry analysis: resources and influences flows

* Indicators: innovation propensity behavioural integers

* Behavioural patterns modulation: machine learning policy path optimisation

* Policy instruments behavioural deconstruction and reconstruction (relevance, adequacy, coherence, efficiency, efficacy,
etc.)

* Behavioural policy pathways: nudging systemic innovative behaviour
* Link to macro-economic impact assessment

* Support of policy development by co-design



Individual propensity and behaviour

Business innovation behavioural determinants

Community sharing
Authority ranking
Equality marching

Market pricing



Collective behavioural patterns |

Paths of influence between actors

Policy-maker

BMI
Outcomes

BMI
Policy
Outcomes

Other
stakeholders

Business Norms &

Norms & .
Firm’s

Institutions '\:ZIIL?::S Model S Institutions
S ti - Innovation i
upporting behaviour BM Sng&ng

Concensus

BMI

BM
Innovative
Capability

Other

BMI
stakeholders

support
Capability

Companies

What is the modality
of interaction?

Relational model types: Community sharing, Authority ranking, Equality matching, Market pricing



Collective behavioural patterns Il

Sources and paths of influence between actors

Realm Il - Social:
Systemic influences on
individual behavior

Realm I — Individuals:
Drivers and rational
heterogeneities

Cognitions

suoiugo)

Common
fa / ) f2 \
behavioural
Actor 2
Actor 4 target /

Relational models

interplay Small world network

behavioral properties?

Cognitions Agency




Actors asymmetry analysis: resources and influences flows

t1
t0
a) b)
Proportional Less than proportional More than proportional
\ /
—

Assessing effects of policy effort on innovative behavioiur



Indicators: innovation propensity behavioural integers

Link to macro-economic impact assessment
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Roadmap for development, next steps

* Behavioural patterns modulation: machine learning policy path optimisation

* Policy instruments behavioural deconstruction and reconstruction
(relevance, adequacy, coherence, efficiency, efficacy, etc.)

* Behavioural policy pathways: nudging systemic innovative behaviour

e Application across themes (CEE, Health, Energy, Transport, Industry)
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