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Key issues

What is innovation?

What is innovative activity?
Diffusion of innovation
Increasing returns

Network effects

Learning

Technological change

Path dependence

Techno-economic paradigms
(and Structural crises)

A new agenda

Development vs Growth

 Stiglitz-Sen-Fitoussi Commission

Sustainability

Change

Innovation

Entrepreneurship



Solow’s residual - 1956

e Comparative static exploration
e Causes of US manufacturing growth 1909-49
* Observed growth in labour productivity

e 12.5% ‘explained’ by increments in the stock of capital

* “Residual” 87.5%: unexplained ‘technological change’ or ‘improvement in

productivity’



Degrees of technical change

Incremental innovation (UiKpeg-BeATIwTIKEC aAAayES, TU.Y. SLApKeLla (WG patapiog)
Radical innovation (pwloomaoTtikr katwvotopia, m.y. H/Y, Stadiktuo)

Changes in technological trajectory (m.x. Y ndrakeg texvoroyiec ota MME)
e Dominant design (r.x. Aettoupytko cuotnua Windows)

Architectural innovation (petafaon ano H/Y os laptop)
Disruptive innovation (rt.x. Airbnb)

Changes in the technological system (rm.x. opukta kavoLpa — AlE)
» Constellations of technological innovations

Transitions in the socio-technical regime (rm.x. ICE - EVs)
* Technological, economic, social and political alliances

Changes in techno-economic paradigm (rt.x. Blopnxovikéc n YndLakeg emavaoTaoeLq)
* New key factor in the economy, with pervasive impact, rapidly decreasing cost and
increasing supply



Innovation

e Different from invention
* Time lag

* First economic application of a process or production of a product
(artifact) or service

e Coupling of new technology with a market (a need)
e Cumulative
* |ncreasing returns to innovation

* Aim-Result as well as Process



Innovation dimensions

* Product or service innovation
“Hard”
* Process innovation

* Organizational innovation }
“Soft”

* Marketing innovation



Innovation process

* Industrial innovation process:

» all the activities from idea conception, requirements analysis or problem
identification to the introduction of a new (or improved) product or the application
of a new (or improved) process

* includes industrial design, R&D, engineering, production and logistics, marketing and
sales

* Fuzzy (acadnc-Bapurmn)
* Non-linear (avatpododotriosclg, mpooapuoyEg, emavaloAoynon)
* Interdependent (tAANAOCUVOETELC TUNUATWV)

* Context specific: imitator—adaptor as innovator



Innovative activities — Locus?

* Fundamental research

* Applied research

* R&D

e Experimental development

* Design engineering

* Production engineering / quality control

e Technical services

* Patents

* Scientific and technical information scanning
* Education and training

* Long-range forecasting and product planning

Source: Freeman and Soete (1997 ,p. 267 )



Innovation as Learning

* Transformation of knowledge about technology to knowledge about the production of
products

* Learning occurs in all types of innovative activities from R&D to after-sales-services
* Learning occurs before and after

Innovation often requires unlearning



Technology

Different from science

Not just information, knowledge intensive

Tangible and intangible

Aspects of technology
* Embodied (in equipment tangible and intangible)
» Codified (information in books, manuals, plans etc.) and tacit (knowledge)

* Organizational dimension: operational mode, routines, perceptions, culture

Endogenous

Types of technology: Know-how, know-what and know-why

Firm (organization) -specific



Information and knowledge

“Knowledge —in whatever field- empowers its possessors with the capacity for intellectual
or physical action. What | mean by knowledge is fundamentally a matter of cognitive
capability. Information, on the other hand, takes the shape of structured and formatted data

that remain passive and inert until used by those with the knowledge needed to interpret
and process them”

(Foray, 2004, p.4)

Knowledge is the cumulative result learning (processes)

Knowledge different from information

Information “represents the sum total of ‘messages’”

Information is marketable, i.e. exchangeable, transferable
* Knowledge is not marketable

Knowledge is embodied in individuals, organizations, processes



According to the degree of codification:

Wisdom

-

Tacit knowledge

.

Explicit Knowledge

.

Information

-

Data

Tacit

Codified



LEARNING

Learning occurs in organizational settings (e.g., groups, teams, firms, networks, clusters,
regions/states)

Learning is institutionalized (e.g., R&D department)

Learning processes are usually associated with specific contexts and locations (e.g., Silicon
Valley)
* Industries, technologies, geographies
Learning-by-doing
“takes place at the manufacturing (and/or utilization) stage after the product has been
designed” (Foray, 2004, p. 58)
Learning-by-using
“using generates problems; problem-solving capacities are deployed and learning
occurs” (Foray, 2004, p. 62)
Learning-by-interacting (user-producer) (Lundvall, 1985)

Communities of practice:
Learning not only situated but with a social character (Lave and Wenger, 1991, p.122)

STI-mode (Science-Technology-Innovation) vs. DUI-mode (Doing-Using-Interacting)
(Lundvall, 2016)



STI-mode vs. DUI-mode

5T pul
Main internal  R&D-based activities such as research, advanced technology, and Leaning-by-doing: trial-and-error
dimensions infrastructure. Also, scientifically-trained personnel mostly processes and repetition of the

involved in R&D projects

Main external  RE&ED collaborations with universities and research centres
dimensions

Main outputs  Mostly radical innovation in product and process

everyday activities in the firm
Learning-by-using: problem-
solving situations and
experimentation using
advanced technologies, design
and engineering projects
Leamning-by-interacting
(internally): high performance
organisational practices such
as employee involvernent in
problem-solving and decision-
making; autonomous teams;
and flexible organisations
Leaning-by-interacting
(externally): Market
collaboration with users,
suppliers, and competitors
Maostly incremental innovation in
product and process

Source: Carrillo-Carrillo and Alcalde-Heras, H. (2020)



Knowledge and learning

* Knowing, not knowing, learning

* absorptive capacity



Innovation is a

network
phenomenon

“Emerging technologies are not
developed and commercialized by
individuals or single firms. They are
developed by networks.”

Rosenkopf (2000, p. 337)

Etaipeieg avarmtuéng Aoyiouikou (6mwe n Google kai n
Apple), kataokeuooTég UAIKOU (OTTwG n Qualcomm yia
Ta chipset, n Sony yia TIg KAUEPEG, Kal TTOAAOI GAAOI),
ETAIPEIEG TNAETTIKOIVWVIWY TTOU TTPOCOPPOOTNKAV OTIG
amaitioelg  dIKTUwong  Twv  smartphone,  Kai
TTPOYPANUATIOTEG EQAPUOYWV.



First and second generation models

First generation (50’s-60’s): Technology push “Linear model”

DESIGN & MANU-
R&D ENGINEERING FACTURING > MARKETING > SALES
Second generation (mid 60’s-70’s): Demand pull
MARKET MARKETING MANU-
_»
NEEDS DEPT. R&D ) FACTURING SALES




MovteAa Kawvotopkn e dtadkaoiag

* O Rothwell dtakpivel TEVTE YEVIEC LOVTEAWV TNG KALVOTOMLKN G Stadikaoiac:

1n: povtéAa texvoloyikng wbnong (technology-push)
2n: povtéAa mpwtokaBedpiog Twv avaykwv T ayopadg (market-pull)

3n: HOVTEAQ ‘TTAVTIPEUATOC TNG TEXVOAOYLKNG EEEALENC E TLG AVAYKEG TNG OLYOP A
(coupling model)

4n: povtEAa AeLtoupyLkng oAokAnpwongc (integrated model), kat

5n: HOVTEAQ CUOTNHLKNAG OAOKANPwWONC Kot SIktuwong (systems integration and
networking - SIN)

I". Zrapmoving



Fpaputkd Movteda tng Katwvotopknc Atadikaotog

(o) Teyvoroywn QOnon (Technology Push)

Boaown R
‘Epevva

Epappoopévn
‘Epevva -
Avdamtoén

(B) 'EAEN amé v Ayopa (Market Pull)

Avaykeg
«TNG ayopacy

Avémtoén

, [TpoPoin & ,
Moapayoyn | — > HT) 0[2,) 91?011 —? Tloijoseig
> | Hoapayoyn > | Toloelg
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To ‘ouleukTikO’ (coupling) LOVTEAD TNC KOWOTOWLKN G OLadLKAOLOC

Neéa . , . . ;
e «—> Avdrykeg e Kowvaoviag & g Ayopdc - Nopotr & PvBuicelg
180G Ayopéic
Neéa . . -
Tl «> Avyun (State-of-the-art) otnv Teyvoroyia kot v [Hopoywyn

IInyn: 16ia enegepyacio Paciopévn oe Rothwell and Zegveld (1985)

I". Zrapmoving



3rd generation model
To ‘aAvoldbwto’ povtelo (chain-linked model)

Research
/ 4 4 N
| | Knowledge :
I |
|
D K : K : K | I S
| | :
. 1
\ / L |/ % | / L | /7
| ! .
-
Potential Invent and/or | Detailed Redesign Distribute
market produce design and and and
analytic test product market
design

-
N

D: Direct link to and from research from problems in invention and design
I. Support of scientific research by instruments, machines, tools

S: Support of research in sciences underlying the product areas

[Inyn: 16ia enegepyooia Paciopuévn oe Kline and Rosenberg (1986)



At generation model

R&D

Product
development |

manufacture |
: | Product
| manufacture




Emridoon o€ oxéon Je TO XpOVO KAl TO KOOTOG

Mo16TNTA KOl AVTATTOKPIOT OTIS ATTAITACEIS TWV XPNOTWV

MapaAAnAn Avarmtuén (Concurrent Engineering)

Mdpxketiv

E&A

Avéantoén [poidvtog

Opyavoon [Hapaywyng

[Mapaywyn: EEaptnuatov (ITpopundevteg)

[Tapayayn

LI LI Ll LI LI

Mewtég Xuvavinoelg Opddog
(Mnyavikoi ko Atotkntikd Xtedléym)

[Inyn: 16io eneéepyooio Paciopévn oe Graves (1987)
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2uotnuwKn oAokAnpwon kot dtktuwaon
(systems integration and networking - SIN)

Apxec Oekaetiag Ttou 1990, keviplkog afovac eivat n  Yndlomoinon kot
nAnpodoplkonmoincn Twv AELTOUPYLWV KOL EPYACLWV TIOU avantlooovtal oTOo
nAalolo EVOC KOLLVOTOULKOU £PYOU:

* MARPWC OVATITUYHEVEC EOWTEPLKEC Baoels dedouévwv
* QMOTEAECHATLKA cuoThpata Sltavopung dedopévwv

* EUMELPA CUCTNHOTA, UTTOAOYLOTLKA EUPETLIKA cuotripata (computer-based
heuristics)

* xpnion 3D-CAD cuotnudatwv Kal povteAonoinong pe tn fondela
NPOCOopOLWOoNG

* Slaouvdedbepeva ocvotrpota CAD/CAE ywa tnVv evioxuon tng eueALélag Kat tne
KATOLOKEU QO LLOTNTOG TWV TIPOLOVTWY aTto To pwTta oTtadLla

* QMOTEAECHATIKEG EEWTEPLKEC SLaoUVOETELC yLa TNV avtaAlayr dedopévwy Kal
nAnpodoplwv.



2uOTNULKN oAoKANpwan Kot Stktuwaon
(systems integration and networking - SIN)

* EupUtepn oAOKANPWON OPYOVWTIKWY HOVASWY KOL TEXVIKWY CUCTNUATWV:
* TapAAAnAa kot oAokAnpwHEVN (Sta-tunpatika) Stadkaoia avantuéng
* avautn mpopunBeuTWV VWPLE oTNV aVamTUén mPoiloviwy
*  EUTTAOKN TIPOWONUEVWV XPNOTWV OLLXUNAE OTNV QVATTTUEN TIPOIOVTWY
* xprion opL{OVILWYV TEXVOAOYLKWY CUVEPYACLWV OTIOU XpeLaleTal

* Mo enimedeg, EVEAKTEC OPYAVWTLKEC OOUEC, YLOL TOXUTEPN KOAL TILO
amoteAeopatikn ANYn anopacswv:

* gvioxuon tou polou, TwWV oPHOSLOTATWY KAl TOU KUPOUC TWV HECALWV Kol
KOTWTEPWV OTEAEXWYV,

e qavtiotoln evioxuon Twv UTTOOTNPLKTWVY TIPOLOVIWV KAl TV ETIKEPAANC EpYwWV

MepLocOTEPO CUVEPYATLKN KAl EVEALKTN TTPOCEYYLON OTHV AVATTTUEN TPOoIOVTIWYV
N7
TaxUtePN KAl TILO EMTUXNHEVN Kawvotouia
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Rothwell’s five generations of innovation models

TABLE 2.2 Rothwell’s five generations of innovation models

Generation Key features
First and second Simple linear models — need pull, technology push
Third Coupling model, recognizing interaction between different elements and

feedback loops between them

Fourth Parallel model, integration within the firm, upstream with key suppliers
and downstream with demanding and active customers, emphasis on
linkages and alliances

Fifth Systems integration and extensive networking, flexible and customized
response, continuous innovation

©2005 Joe Tidd, John Bessant and Keith Pavitt



MovteAa kawvotopknc dtadikaolag -
Mapatnpnoelg - |

[Tapatnpovpe 0Tt omd T YPUUUKE GTO, TOADTAOKN OUVOLLKE LOVTELN AAAALEL TO AVTIKELHEVO TOV
LOVTEA®V

* 1 kot 2: IyEg KOVOTOMIOG - GTO EMIMEDO TNG OIKOVOUTNG

e 3 ko1 4: Kavotopikt| dadikacio - 6To enimedo g entyeipnong/povaodag, To 3 mepifaidrel To 4, 10 omoio
€oTlalel g 000 Kpioa EGOTEPIKA GTOLYXEIN TNG SLdIKAGTNG, TNV TOPAAANAT KOl OAOKANP®UEVT VG| TNG

e 5:otpatnyikn Oedpnon - GUVOAIKA 1| emyEipn oM o€ GTPATNYIKY BEdpnon, 1 doknon tng dwuyeipiong
vrepPaivel Ta Oeopcd OPLOL TNG ETLYEPTNULOTIKNG OOUNG

H aAlayn avt) ot Oewwpnon couPadilel kon pe Tig mpotepondtnteg oty otkovopio. 'Etot, katd tnv
dekaetio Tov 1990 ta Kuplapya (NTHUOTO GTNV EMLYEIPTGLOKT] CTPATNYIKT 1) TAV:

* OlEMYEPNOLOKN cvvepyasio (GTPATNYIKN SIKTHMOONC)

*  TEYVOAOYIKN GLCGMPEVGT (TEYVOAOYIKY] GTPATNYIKN)

*  OAOKANPMGT GTPATNYIK®OV TPOTOVIWMV Kol TAPAY®YNG (GXESUGUOG LLE KPITHPLO TV ‘KOTACKELAGIULOTNTA)

* gveléia (0pYavVOTIKT), SIOYEIPIOTIKY], TPOIOVIMV, TAPAYWOYNC)

*  TOLOTNTO Kol EMIO0CT TPOTOVIMV (GTPATNYIKT S10LPOPOTOINGNG)

* 10 mepPdALOV (TEPIBAAAOVTIKY] GTPATNYIKY), KoL

* M TOVTNTO AVATTLENG Kot ElGAYWYNGS otV ayopd (speed-to-market) (time-based strategy)



XPOVOC KOl KOOTOQ

MNapddelypa: VYEVIEC TEXVOAOYLWV
acUppatwy OWKTUWV TIOU  €XOUV
avarntuxBel ywa ™ PBeAtiwon Nng
ToXUTNTAC KOl TNG TIOLOTNTOC TWV

ETILKOLVWVLWV
“
8 M"” s, Kabwc¢ o1 TexvoAoyiec eEelicoovral
3 = (amé 10 3G oT10 4G KOI OTO 5G), OI
= diadikaocieg avdamTuing yivovral
Japan— 4G pre > , , ,
v/ IO ATTOOOTIKEG, HEIWVOVTAG TOOCO
Y TO KOOTOC OGO KOl TOV XPOVO TTOoU
50 process 4
e o ol o aTraiTEiTal.

Development tume

I'. Ztapmoving



Diffusion

* The rate of adoption or assimilation of new products or process by consumers
or organizations

 Diffusion rate is critical for:
* The rate of return on the investment in the development of new technology
e The accomplishment of economies of scale
e Further improvement of the technology or investment in new
* Development of related technologies



Aldxuon Kawvotopuliag

SoirioLoAny SuolL3goiA %

Eicaywyn
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Awaxvon Kawvotopiog - Smartphones

Soirlo1oAIny SuolL3goIA %

Eicaywyn
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Blackberry
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2007
iPhone (Appl

Méoa 2010’
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Awaxuon Kawvotopiag — Streaming Services

Soirlo1oAIny SuolL3goIA %

Eicaywyn

TéAn 00’
Netflix
Hulu

A.

Avatrtuén

Metd to 2013
(House of Card
casa de papel)
Nakéta oxdemand

La

MéxpL 2020

NA€ov anAg

BeAtiwoelg (
streaming

m;gvcn Kopeopog

Xp(’)vnc;
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Awaxuon Kawotopiac - HAektpika Oynuoto

Soirlo1oAIny SuolL3goIA %

Eicaywyn

TéAn 00’
Tesla Roadster

AvaTtrTuen

2015
Tesla Model 3
Geely GC9
BYD AutoAQin

Znuepa:

Enopeveg

Volksw ; deKaeTiec.].
filfo

von-Kopeauog

Xp(’)vnc;
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Awadikacia ulo0£tTnonNg EVOg TPOIOVTIOC Ao TNV ayopd

V!/Jf\verage Product Life
|

yaAN
Discard @
Rate Replacement
wase
Potential
Adopters
Adopters x — K
Adoption

(BA Rate AR)
Market Word of
Satura Mouth

tion
+ + Total
Adoption Adoption . Population

from from Word N
Advertising Markqt of Mouth -
& Saturation :‘\ Adoption
Advertising + Fraqtion
Effectl;reness Contact
Rate
c

Mnyn: Sterman (2000)



Patterns of innovation diffusion

Cumulative diffusion Point diffusion
(stock) (flow)
R Adopters
# point
Adopters
Y cumulative
Early adopter,
Inhovators

Rogers E. M., (1965)
Bass, F. M. (1969)
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H kotprtuAn tou puBpuov duaxvong

Kaivotopol Mpwipol uioBetAcavTeg | Mpwiun TTAEIOWn@ia “YoTtepn Agiowngia YoTeproavTeg

"To Xdoua"

Aladikaoia d1dxuong KalvoTopiag/Texvoloyiag

To "Xdoua" ava@épeTal oTnV TTPOKANCN TTOU CUXVA TTPOKUTITEI JETACU TWV TTPWIKMWY UIOBETNOAVTWY Kal TNG
TTPWIUNG TTAEIOYWN®Iag, OTTOU N UINBETNON TNG KAIVOTOUIOG UTTOPET Va €TTIBPAdUVOEi av dev UTTAPXE! ETTAPKNG
UTTOOTAPIEN ] ATTODOXN. 33



Katnyopieg Katl XopaKTNPLOTIKA TwV
ULOBETOUVTWYV TNV KaLVOTOULa

Katnyopia Kowa xapaktnpLotika




H kapmuAn tov puBpou duaxuonc —
H niepimtwon twv smartphones

Kaivotépuol

Blackberry
iPhone 1 (2007)

Mpwipol vioBeTAOAVTES

iPhone 3G (2008)
Samsung Galaxy S

"To Xdopa"

Mpwiun TAciowneia

iPhone 4 (2010)
(o mpooBaciua
Android)

"Yotepn mAelowngia
iPhone 6 (2010)
(kowwvikn
Siktbwon,

Aladikaoia didxuong KaivoToyiag/TexvoAoyiag

YoTepnoavTeg
Meta to 2016
(mpwtn ayopa
smartphone)

40




Product Cycle

PuBuoég peidovwyv KaivoTopiwyv

Rate of
Major
Innovation

Product innovation

Dominant design

Process innovation

Fluid Phase Transitional Phase

Source: Utterback (1994, p. xvii)

Specific Phase

ddoeig AvarrTuing



Paoeigc avaTrTuEng Kal puOuOS pEiOVWYV KAIVOTOMIWY

A%ovag X: ®daoeig AvaTrTugng

Fluid Phase (Yypn ®don): 21nv apxIkn
@acn TG avamTuéng Tou  TTPOIOVTOG,
UTTApXOUV TTOAAG TTEIPAPATA Kal TTAPAAAAYEC
oTOV OXEOIAOPO TOU TIPOIOGVTOG, KOBWG Ogv
EXEl KaBopIoTel akdun éva "kKupiapxo oxEdI0"
(dominant design).

Transitional Phase (MeraBarikiy ®daon):
2Tn @Aon auTh, KABIEPWVETAI €va Kupiapyo
OX£DOIO, TO OTTOIO YiveTAl ATTOOEKTO ATTO TNV
ayopd Kal Toug Trapaywyoucg. Auti n @don
XOPOKTNPICETal aTTd MEIWON TNG KAIVOTOMIAG
TTPOIOVTWY, OAAG aUgnon TwV KAIVOTOUIWV
oTn d1adIKagia TTapaywynge.

Specific Phase (E&eidikeupévn Pdon): ¢
auti TN QAcn, N Kalvotouia €0TIAlEl KUPIWG
otn BeATiwon Twv dladIKACIWY, KABWS TO
TTPOIOV €XEl ON OoTABEPOTTOINGEI KAl TO KUPIO
eVOIQQEPOV €Ival N MEIWON TOu KOOTOUG KAl N
au¢non TNG aTTodOTIKATNTAG OTNV TTAPAYWYH.

Atovag Y: ®daoeig AvatrTugng

Acgixvel Tov puBud peiovwyv kaivotopiwy. H
KAMTTUAN avatrapioTd Tov puBuo PE TOV OTToIo
TTPAYUATOTTOIOUVTAlI ONUAVTIKEG KOIVOTOMIEG
T000 OTO TIPOoI6v 600 Kal oTn dladikacia

TTapaywyng.

ApXIKA, O PuUBUOC KAIVOTOUIWY OTO TTPOIOV
(product innovation) €ival  uywnAOGG  KaABWg
TTEIpAMATICOVTal JE DIOPOPETIKA oXEDIA. Me Tnv
TTAPodo Tou Xpodvou, 0 pubudS auTdg PEIVETAI
KaBwg otaBepoTrolcital Eva "dominant design™ .

ApxIK@, n Kaivotopia di1adikaolwy  (process
innovation) €ival xaunAn, aAAG augavetalr KaBwg
T0 dominant design oTaBepoTrolgiTal KAl N
goTiaon  MeTatotriCeTal 0T BeATiwon NG
Tapaywyikng dladikaoiag yia  JeEiwon  Tou
KOOTOUG KAl aug¢naon Tng atrodoTIKOTNTAG.

Dominant design: Zngartodortei Tn METABOAON



Product Cycle

PuBuoég peidovwyv KaivoTopiwyv

Rate of
Major
Innovation

Product innovation

Dominant design

Process innovation

Fluid Phase Transitional Phase

Source: Utterback (1994, p. xvii)

Specific Phase

ddoeig AvarrTuing



2UOXETLON HETAEL TWV SLaOTACEWV TNEG KALVOTOULOC

Utterback and Abernathy (1975-78)

*  «TOL XOPAKTNPLOTLKA TNE KALVOTOMLKAG SLASLIKAOLOG KOl Ol KOULVOTOMLKEC OTTOTIELPEC LOG
enxeipnong Oa StapEpouv cuoTNUATLKA cUUPWVA UE TO TIEPLBAAANOV KOL TN OTPATNYLKA
QVATITUENC KoL AVTAYWVLOMOU TNG EMLXELPNONG, KAl UE TO oTadlo avantuéng tng
TEXVOAOylag mapaywyrg mou XPnNOLUOTIOLELTAL OO TNV EMLXELPNON KOl TOUC
OVTAYWVLOTEC TNGY, AVEEAPTNTA ATIO TOHEQ KOl TEXVOAOyLa.

pHovada avaAuong n mapaywytkn povada
n avaAvon gotidlel otn petafoAn tng puong TG KAVoToulkng Stadikaoiog

uTtalviooetal cadeig EMIAOYEC yLa T OTPATNYLKN TWV ETLXELPIOEWV

I". Zrapumoving



[TapaAlayec Tou amAoU KUKAOU
NPOLOVTOC

Mapadooiakd Kivnta —
smartphones
MovTéAa AQUTOKIVATWYV
T Y TOR O G T ORI By Emsrrduesis Tow

oA o Comg

TnAedpaon (A/M — Eyxp) TTripTa

¥ S Ao e TR0 Ao 80 Exct=moepEv qpiect] cop i RO T T

IInyn: Rothwell & Zegvelt (1984)



Taéwvounon kKAadwv kato Pavitt

2e avtiBeon pe toucg U-A, ot Pavitt kat Patel umootnpifouv otL n
TEXVOAOYLKN aAAayn €XEL LOXUPO KAQSLKA XOLPOKTNPLOTIKA:
[ 1o peyeboc Twv EMIXELPNOEWY TTOU KALVOTOUOUV
I tov tumo tou mpoidvTog Mou MapAyouV
K touc 0TOXOUC TNC KOLVOTOULOG
O tic mny£g tng kawvotopulag
I tov 1610 TNC Kavotoplag

AI0KPivVOUV TTEVTE TUTTOUC KAAOWV/TEXVOAOYIKEC TPOXIEC:

©)

o O O O

NYEMOVEUOMEVOUG OTTO TOUG TTPOMNOEUTEG (TT.X. yewpyia, Evouon)
MEYAANG KAiIJaKag (T7.%. auToKivnToRiopnyavia, xaAuBoupyia)

EVTACEWG TTANpo@opiag (11.X. TpATTECEC, AOQAAIOTIKES, EKOOTEIC)
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Socio-technical systems

* Socio-technical systems are thought as ensembles of technologies, artefacts, technology
development and use/consumption processes, groups of scientists, users, etc. that address
specific societal functions. Innovations that change the structure and behaviour of such
ensembles are referred to as system innovations, or socio-technical system transitions.

(Geels, 2018)

* Socio-technical systems are actively created, (re)produced and refined by several social groups,
for instance, firms, universities and knowledge institutes, public authorities, public interest
groups and users. Their activities reproduce the elements and linkages in socio-technical
systems. These social groups have their own vested interests, problem perceptions, values,
preferences, strategies and resources (money, knowledge and contacts).

(Geels, 2005)

* A socio-technical system (STS) consists of two co-evolving subsystems: the development and
production of technological artefacts subsystem and the technology and artefacts use
subsystem.

(Adamides & Mouzakitis, 2009)
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Fig. 2. Triple embeddedness framework of industries.
Source: (adapted from Geels, submitted for publication).

(Turnheim and Geels, 2012)
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To TTAQioI0 €€NyEi TOV EVOWMATWHEVO
XOAPAKTAPA TWV BlOPNXaviwy HECO OTA
KOIVWVIKO-TTOAITIKG KQI OIKOVOUIKA
TTAQiola, Kal TOV TPOTTO JE TOV OTT0I0
auTEG 01 AAANAETTIOPACEIG DIAPOPPWVOUV
TIG QUVATOTNTES KAI TOUG TTEPIOPICUOUG
yla KalvoTouia Kal aAAayn



Why there is stability?

Industry regimes are usually stable, because of various lock-in mechanisms and commitments:

1) Commitment to cultural-cognitive institutions (mental maps, beliefs) focuses the
interpretations of actors, blinding them to developments outside their focus. Cognitive inertia
may lead to mis-interpretation of external threats and delays in response strategies.

2) Commitment to mission and identity refrains industry actors from changing their strategic and
societal positioning.

3) Commitment to the existing technical competencies creates resistance against technological
discontinuities.

4) Industry actors are committed to industry-specific regulatory institutions through compliance
mechanisms. These institutions constrain the behavior of industries with incentives and

disincentives.

(Turnheim and Geels, 2012)



Socio-technical transition

Socio-technical transition is multi-dimensional, i.e. it encompasses technological as well as
organizational, institutional and socio-cultural change.

In the course of a transition, new products, services, business models, organizations, regulations, norms
and user practices emerge, partly complementing but more often substituting existing ones.

A socio-technical transition is commonly understood as a fundamental transformation of a socio-
technical system.

(Markard et al., 2016)

Transitions are multi-actor processes that involve interactions between many social groups, e.g.
commercial transactions, political negotiations, power struggles and creation of coalitions.

(Geels, 2005)
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* A predevelopment phase of dynamic equilibrium where the status quo does not visibly change.

* A take-off phase where the process of change gets under way because the state of the system
begins to shift.

* A breakthrough or acceleration phase where visible structural changes take place through an
accumulation of socio-cultural, economic, ecological and institutional changes that react to each
other. During the acceleration phase, there are collective learning processes, diffusion and
embedding processes.

* A stabilization phase where the speed of social processes, diffusion and embedding processes.

(Rotmans et al., 2001)



Forces leading to transition

1. Formation forces (Awtapopdwong): related to the potential for societal innovation.

2. Support forces (Yrnootipi§ng): strengthen or weaken present transitional trends.

3. Triggers or triggering forces (Evavopartocg): perturb or shock the system.

Frantzeskaki and De Haan, 2009

HAektpika oxuarta (electric vehicles)

Formation forces

Support forces

Triggers or triggering forces
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Transition: How do we go from this







The basic elements and resources of socio-technical systems
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Social groups which carry and reproduce ST-systems
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Co-evolution of technology and user environment
(Leonard-Barton, 1988, p. 251)
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LONG WAVES OF INNOVATION

The theory of innovation cycles was developed by
economist Joseph Schumpeter who coined the term
'creative destruction’ in 1942. FIFTH

Schumpeter examined the role of innovation in WAVE
relation to long-wave business cycles.

Source: MIT Economics

FOURTH WAVE

Al & loT
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Robots
& drones

Clean tech

SECOND WAVE

FIRST WAVE
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@ Chemicals Electronics Software

% Water power Steampower "
: : : Internal- Aviation New media
@ Textiles Rail . combustion @

Iron @ Steel oxgihs
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Source: Edelson Institute
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A new way of

A new way of

RVINS PRODUCING

EACH PARADIGM

A new way of
WORKING

A new way of
CONSUMING

Source: Perez (2007b)



AAM\OYEC OTO TEXVO-OLKOVOLLLKO TapAdELY LA

(Freeman and Perez, 1988, pp 47-58)

Y& KAOE VEO TEXVO-OLKOVOULKO TIAPASELYHA, EVOAC OUYKEKPLLEVOG TTAPAYWYLKOC TTOPOC N Eval
OUVOAO oQUTWV, O ormoio¢ pumopel va TmpoodloploBel w¢ o ‘mopog KAewdl ToU
nopadelypatog, EKIMANPWVEL TLC TIOPOKATW CUVONKEC:
" gudpavws «XAUNAO Kol TOXEWG LELOVUEVO KOOTOGY
" «daAlVOUEVLIKA, OXeSOV amepLOpLoTn IPOodopPaA YLO LOKPEG TIEPLOSOUCH
" «egpdaveic SuvatoTNTEC yla TNV EVOWUATWON TOU VEOU TIOpou KAELSL o€ TTOAAA TtpoiovTa Kol
Sladikaoieg oe OAN TNV £KTAON TOU OLKOVOULKOU cuothpatoc. Eite apeoa ) (cuxvotepa) péoa
arnd éva ocUvolo aAANAOCXETI{OUEVWY KOLVOTOULWY, OL OTIOLEC KOl HELWVOUV TO KOOTOG Kol

aAAAlouv TNV OLOTNTA TOU TAPOywYLKOU €€OTMALOMOU, TNG Epyaoiag Kol AAAwWV TOpWV TOU
CUOTHHOTOCY




H 1ocTopia Twv BIOUNXAVIKWY ETTAVACTACEWYV

ALOOTAOELG VA TEXVO-OLKOVOLLLKO TTapAdeLy Lo

Kopota . , . ITepiodog Aldipkela
KA&S0G-Teyvoloyia Xwpo(-€9) -
1785-1845 60 £m)
1° KOpa Avvopn vepov, KAwotoidavtoupyia, Zidspo  Bpetavia
Bpetavia,
2° KOpa ATpOG, Z18npdSpopot, Atadit HIIA, 1845-1900 55 €m
TCeppovia
HAeKTpLKY) EVEPYELD, XNHUKA, _ :
3° Kopo HIIA 1900-1950 50 €m
Kunmpag Eowtepiknig Kovong
4° KOopa ITetpoym ke, HAsKTpoviKd, Asporopia HIIIA, 1950-1990 40 €m
’ ’ Iomwvia
5° Kopa Wnooko diktuo, Aoylopuko, Nea peoa HITA 1990-2020 30 &m
6° Ko Ynoromoinon (Al I0T), Popstot, Kaboapég Kive, Iv6iq;  2020-2045 25 ém

Teyvoloyieg (Clean Tech)

Mnyn: ZToumouAng kot BEtowkag (2024)



KEY BREAKTHROUGHS

FIRST WAVE THIRD WAVE FIFTH WAVE
During the Industrial Revolution, Henry Ford's Model T In 1990, 2.3M used the
the first factory emerged- introduced the assembly internet-by 2016 this
a cotton millin Britain. line, revolutionizing the reached 3.4B.

automotive industry.

Source: World Bank

SECOND WAVE FOURTH WAVE

VISUAL
CAPITALIST

RESEARCH + WRITING Dorothy Neufeld

COLLABORATORS

As railways proliferated,
their networks strongly

influenced urban growth.

Source: Nacima Baron, HAL

Aviation gains mass
adoption on a global
scale, providing a lever

to economic integration.

Source; OECD

As climate challenges
intensify, clean tech
may reshape business
models and
consumption patterns.
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Regularities (and uniqueness) emerging from the analysis

of successive technological revolutions and their diffusion
Source: Perez (2007a)

REGULARITIES UNIQUENESS
» Atechnological revolution every » Each TEP is fundamentally different
40 to 60 years, with a financial bubble and unpredictable
midway along

* The forms of adoption are socially,

* A sequence in phases of 8 to 15 years politically and culturally determined

(with different business and social climates) _ .
» This leads to geographical and

* Gradual shiftin , historical variety and continuity
techno-economic paradigm (TEP) (“path dependency’)

guiding innovation and organisation

+ Each paradigm remains dominant * The initiating “core country’
for more than half a century has a determining weight
(staying beyond its “useful life”) in the initial shaping of the TEP

Sharing that ‘big picture” and its use
for analysing the present and gleaning the future is the object of this talk



National System of Innovation

“the network of institutions in the public and private sectors whose activities and
interactions initiate, import and diffuse new technologies” (Freeman, 1987)

* R&D organizations are “embedded in a much wider socio-economic system in which
political and cultural influences as well as economic policies help to determine the
scale direction and relative success of all innovative activities” (Freeman, 2002)

e “..allimportant economic, social, political, organizational, institutional and other
factors that influence the development, diffusion and use of innovations” (Edquist,

1997)



Two major early studies

* Lundvall (1992) interactive learning, user-producer interactions
* Two dimensions

* Structure of production
* Institutional set-up

* Nelson (1993) nations’ R&D systems
* Organizations that promote the creation and dissemination of knowledge

* Each approach single out different factors reflecting their assumptions on the
significance as determinants of innovation activities



Formal Organizations in ISs

P “formal structures that are consiously created and have an explicit purpose”
(Edquist, 2005)

» They are players, actors, agents, stakeholders

firms,

universities,

Research Institutes

Corporate R&D facilities

VC,

public policy agencies (addressing innovation, education, competition, environment etc.)

vV vV v VvV v V9

» unions

P Organizational set-up varies considerably, it is ‘system specific’
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Activities In |Ss

P Edquist suggests a provisional list of activities that serve various functions, but he
mostly describes the functions served e.g.:

R&D — knowledge creation

Education and training — competence building (individual)
Formation of new product markets

Articulation of quality requirements

Networking

Creating and changing organizations

vV VvV VvV VvV VvV Vv V9

Creating and changing institutions etc

» Many activities may be carried out by a variety of organizations or inter-
organizationally



Interaction in ISs

 Institutions influence or govern the set-up of activities and the interaction of actors
performing these activities

* Interaction may be market or non-market (OECD 2002)
* Competition
* Transaction

* Co-operation

* Interactive learning



CLUSTERS

“A geographically proximate group of interconnected companies and associated institutions
in a particular field, linked by commonalities and complementarities”

(Porter, 2000, p.16)

“A cluster 1s a connection of horizontal, vertical

and lateral value adding activities contributed e

by different actors in proximity to one ( ] % \-,'
another which all act in relation to a \1 .‘
specific industry. Together the actors are /J _f/
building a value adding web which defines £ \
the boundaries of the cluster. Direct and k \-,
indirect interactions take place between these " &

actors which may be reflected in strong, N
medium or weak links.” <>

Lateral actors

(Brown et al. 2007) Subalve adding

D Vertical actors

Horizental acters



Clusters: local buzz and global pipelines

Source: Bathelt et al., 2004, p. 46




N-tuple (Triple, Quadruple, Quintuple) helix innovation
model

« Government — Industry — University (Triple) (Etzkowitz & Leydesdorff 2000)
» Government — Industry — University — Society (Quadruple) (carayannis & Campbell 2009)

» Government — Industry — University — Society — Environment (Quintuple)
(Carayannis et al. 2012)

Quintuple Helix 0 Natural environment, it provides the natural capital
to society.

Quadruple Helix

Media and culture, combines two forms of capital,
the information and social capital, respectively.

Triple Helix

" Education systent, which incorporates human capital
and is shaped by the dissemination of research and
knowledge.

University-Industry-
Government relations

Ecomomic systems, it includes industries, firms,
services and banks, focusing on economic capital.

Context of society for

Triple Helix Political system, the “will” of a nation-state,

Context of natural
environments for society

DNA helix



NIS as a system of five interacting helices
government, industry, , society and finance)
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