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1. Inleiding
1.1. Onderzoeksobject: Transities en systeeminnoves

Transities en systeem-innovaties in de landboumtajt thema van dit rapport.
Klimaatverandering, energiegebruik, methaan-ensssierenwelzijn, economische
concurrentie, voedselschandalen (BSE, dioxinefurerg, stankproblemen,
landschapsinrichting, en rurale ontwikkeling zijtkele van de socio-economische
ontwikkelingen die druk creéren op het landbouwtesys. Veel van deze
ontwikkelingen kunnen (waarschijnlijk) niet binnda grenzen van het bestaande
systeem het hoofd geboden worden. Daarom is hetalvan transities naar nieuwe
systemen (systeem-innovatie) gestegen op de maaiselijke en politieke agenda.
Dit heeft geleid tot nieuwe beleidsplannen, zoaisNiMP-4 (Vierde Nationaal
MilieuBeleidsPlan) en innovatie-programma’s, bijsmeeld ICES-KIS waar
duurzame systeem-innovaties een van de themasaslfinnen Transforum een van
de gesubsidieerde programma's is).

De theoretische achtergrond van ons onderzoek/atie-sociologie,
waarbij we dus focussen op de actoren en hun gexioatiseerde interacties in
systeem-innovaties. In onze socio-technische bemageien we transities en
systeem-innovaties als multi-dimensionele processienwe conceptualiseren als
veranderingen in: 1) technologieén (systemen, compien), 2) actoren en sociale
netwerken (allianties, samenwerkingsverbanden, tredakies), en 3) regime regels,
waarbij we onderscheid maken tussen cognitievdsdgmitines, belief systems,
guiding principles, vuistregels), normatieve redetdlen, gedragsnormen), en
regulatieve regels (wetten, standaarden, emisseeiln navolging van Giddens
(1984), worden deze regels voortdurend gereproddck®r actoren in concrete
handelingspraktijken en netwerken.

Wat betreft empirische focus gaat dit rapport dvemsities in twee sectoren:
glastuinbouw en varkenshouderij. Voor beide seatd@en we een studie van
historische transities en een studie van contempoteansities ‘in the making'.
Hedentendaage, staat de glastuinbouw onder drukngdmpog energiegebruik (en
dus CQemissies en klimaatverandering), vooral gerelataardruimteverwarming
met gas. De varkenssector staat onder druk wagfbdterenwelzijn (o.a.
ruimtegebruik in stallen, onverdoofd castreren bmgetjes), internationale
economische concurrentie, en mestproblematiek (veg, stank). In reactie op deze
druk, zijn in beide sectoren radicale innovatieicégn gestart die
systeemcomponenten aanzienlijk veranderen. Twekl$todken in dit rapport gaan
over dergelijke innovaties:

1) Energie uit de kas Wat betreft de glastuinbouw worden projecten remergie
uit de kas', bestudeerd; hierbij wordt warmte opgeen tijdens de
zomermaanden en via warmtewisselaars naar ondelgg@cquifers
overgebracht. In de wintermaanden wordt deze wadameveer opgepompt om
kassen te verwarmen. Deze innovatie kan het gasiieren dus de CO2
emissies in de glastuinbouw, aanzienlijk vermindeesn wellicht zelfs energie
produceren (om mogelijk ook woonwijken mee te vemen).

2) Dierenwelziin en varkensstallen Wat betreft de varkenshouderij worden
nieuwe stalconcepten onderzocht, met name op dendie van beschikbare
ruimte en dierenwelzijn.

Deze innovatietrajecten vormen 'niches’, waarih kiemen voor systeeminnovaties
kunnen ontwikkelen door de inspanningen, netwer&arieerprocessen van groepen




actoren. Het verdere doorbreken van deze nichevaties, en dus het realiseren van
transities, hangt echter af van interacties mawibielingen op bredere regime- en
landschapniveaus. Om dergelijke interacties betbegrijpen presenteert het rapport
ook de bevindingen van twee analyses van hist@isemsities:

3) Mechanisering in glastuinbouw (1930-1980PDit betrof een transitie van deels
open kassen ('Westland kas'), waar glasplaten pmali konden worden om
regens binnen te laten, naar geheel gesloten ké%sso kas') met
kunstmatige verwarming, belichting, besproeiingregatie.

4) de transitie van gemengd boerenbedrijf naar bio-indstrie (1930-1970).

In deze historische cases kunnenhgietransities bestuderen (van begin tot eind), en
conclusies trekken over kenmerkende patronen imegransformatie.

Een verdere theoretische reden voor deze casdisdleawt voort op een analytisch
onderscheid dat Poole en Van de Ven (1988) makigsteflen dat proces theorieén

twee complementerende componenten moeten hebbebalgand ‘local’ models, in

onze woorden een ‘outside in’ analyse (die focpsbwerall patronen) en een ‘inside
out’ analyse (die focust op hoe actoren hun wegemenavigeren, onderhandelen,

strijden etc.):

"The global (macro, long-run) model depicts theraileeourse of development of an
innovation and its influences, while the local (micshort-run) model depicts the
immediate action processes that create short-ruelaiemental patterns. (...) A global
model takes as its unit of analysis the overajéttaries, paths, phases, or stages in
the development of an innovation, whereas a locaehfocuses on the micro ideas,
decisions, actions or events of particular develemial episodes” (p. 643).

De twee historische cases, teletransities bestuderen, zijn ‘global’ of ‘outsidae i
analyses, terwijl de twee contemporaine casesl’lotanside out’ analyses maken.

1.2. Vraagstelling

De onderzoeksvragen voor de historische cases zijn:
e Hoe verliepen deze transities?
« Welke patronen en mechanismen waren belangrijlere dransities?

De algemene onderzoeksvraag voor de twee hedemdeasss is: Hoe dragen
interacties en ontwikkelingen op micro niveau laipdet in gang zetten van transitie
processen? Voor de beide casussen is dat alswestigr gespecificeerd:
* Varkenscasus: Hoe draagt de koppeling van nornmeatiayk met andere
processen bij aan het uitlokken van verschillenaesitiepaden?
* Glastuinbouwcasus: Hoe dragen koppelingen tusstenen
regimeontwikkeling bij aan het in gang zetten vamsitie processen?

1.3. Algemeen socio-technisch perspectief op tratiss

Onze disciplinaire achtergronden zijn innovatielsta en techniek-sociologie
(MacKenzie and Wajcman, 1985; Bijketrral, 1987; Rip, 1995). Innovatie wordt
hierin geanalyseerd als socio-technisch procegekatin algemene zin betekent dat
de analyse zich richt op:



* co-evolutie van technologie en maatschappij: aasngekant, hebben technische
innovaties invloed op maatschappelijke ontwikkedingbv. voedselpatronen,
economische ontwikkelingen); aan de andere kaefi de maatschappelijke
context invloed op technische ontwikkelingen (bxa subsidies, regelgeving,
probleemagenda’s).

« technologische innovatie als sociaal proces; heniacted' door actoren;
verschillende typen actoren hebben invioed op teche innovatie, bv. bedrijven,
universiteiten, beleidsmakers, maatschappelijkeggdngen, gebruikers.
Innovatie kan worden bestudeerd als de uitkomsimanacties tussen deze
groepen.

» technologische innovatie als multi-dimensioneektpro Hierbij spelen
(bedrijfs)economische overwegingen een rol (bvt-besefit overwegingen bij
investeringsbeslissingen, concurrentie tussen jved)i, maar ook sociale
netweken (bv. kennisflows tussen universiteitetedrijven, strategische
coalities), politieke beslissingen en macht (regeigg, lobbyen), en culturele
aspecten (bv. discourses, symbolen, culturele normeaatschappelijke
acceptatie).

Voor de analyse van transities en systeem-inna/gbruiken we twee specifiekere
perspectieven, die beide binnen de socio-technisab#ie staan: 1) Strategisch
Niche Management (SNM), dat vooral kijkt naar deaiyiekbinneninnovatie-
niches, 2) het multi-level perspectief (MLP), dabval geschikt is orheletransities
te analyseren, en dat kijkt naar interacties tusseme, regime en landschap.

Strategisch niche management (SNM)

Strategisch niche management is een combinati¢éecimieksociologie en
evolutionaire economie. Het evolutionaire aspeobader andere in het idee dat
radicale innovaties ontstaan in 'niches'. Dit idegeinspireerd dodriologische
evolutie, waar nieuwe soorten ook ontstaan in atggiden niches (zogenaamde
alleopatrische speciatie). Schot en Geels (200Z) @dtten dit idee als volgt samen:

"In biology, most biologists accept that new spgde not only emerge through
adaptation, but usually also involve some formsofation. In the allopatric theory
developed by Ernst Mayr and others, new speciesgenie geographically isolated
niches or in niches operating at the periphery @bminant existing ecosystem.
These niches form the habitat for small populatitias become isolated from their
parental group at the periphery of the ancestrajeaThese niches lead to new
developments because they provide a set of dig@lettion pressures and thus lead
to a divergent evolutionary path. Biological sp#oiain these small isolated
populations may be rapid by evolutionary standardsause favorable genetic
variation can spread quickly. In large central dapans, on the other hand,
favorable variations spread very slowly or changg tme steadfastly resisted by the
well-adapted population. Furthermore, when raréawés mix in large populations,
the effect of the mutations may be watered dowrcl&mge in large populations
tends to be small, directed to meet the requiresneinglowly altering climates. Major
genetic reorganizations, however, almost always pd#ce in small peripherally
isolated populations that can grow into a new ge(See Mayr, 1963)."

Biologische evolutie-ideeén kunnen niet zomaar etpsbciale domein worden
toegepast, omdat er aanzienlijke verschillen zigsén natuur en maatschappij: a)
variaties/mutaties zijn niet 'blind’, maar 'intemieel’; mensen hebben namelijk



percepties, verwachtingen, en motieven, die béstjes en investeringen in
innovaties beinvlioeden; b) leren speelt een beirgol in sociale evolutie, die dus
meer Lamarckiaans dan DarwinistiSct) variatie en selectieomgeving zijn niet strikt
gescheiden; actoren anticiperen op selectie (ia@a&htingen en percepties) en
proberen actief de selectieomgeving te beinvlog¢benvia marketing of lobbyen om
stimulerende regelgeving en subsidies).

Biologische evolutie-noties moeten dus gesocioksyid worden om ze
toepasbaar te maken voor het bestuderen van tegisdie innovatie. Dat is wat
Strategisch Niche Management (SNM) doet. Hoewel Sidkimanagement-
implicaties heeft, gebruiken wij het vooral als eelytisch perspectief. Wat betreft
het basisidee van 'isolatie’ duidt een 'niche'apleeschermde ruimte. Voor radicale
innovaties gaat het onder andere om beschermieg igecte marktselectie.
Dergelijk bescherming is nodig omdat dergelijkeawnaties aanvankelijk vaak een
lage prijs/performance ratio hebben, en dus mkailj met bestaande technologieén
kunnen concurreren:

“most inventions are relatively crude and ineffitiat the date when they are first
recognized as constituting a new invention. They af necessity, badly adapted to
many of the ultimate uses to which they will evetfiyube put.”(Rosenberg, 1976:
195).

Maar bescherming heeft ook een sociologische copmgoRadicale innovaties
wijken per definitie af van bestaande praktijkerregels in het regime, die worden
gedragen en gereproduceerd door actoren in dednelst@opulatie (groep, sector,
industrie). Het bestaande regime heeft een bepasdé en neiging tot reproductie
(zie ook hieronder). Stabiliserende mechanismetetetot 'lock-in' en
padafhankelijkheid (Arthur, 1989; Unruh, 2000; W&lk2000). Daarom worden
radicale innovaties aanvankelijk als 'vreemd' émijkend' bestempeld, wat leidt tot
lage legitimiteit. Schumpeter, de aartsvader vaawdutionaire economie,
onderkende al dat radicale innovaties te kampeddrathet dergelijke sociale en
cognitieve barrieres:

“Thought turns again and again into the accustotraxk even if it has become
unsuitable. (...) The very nature of fixed hahitsghinking, their energy-saving
function, is founded upon the fact that they ha@edme subconscious (...). But
precisely because of this they become drag chaieshey have outlived their
usefulness. So it is also in the economic worldhinbreast of one who wishes to do
something new, the forces of habit rise up and bé#aess against the embryonic
project. (...) The reaction of the social enviromtraggainst one who wishes to do
something new, may manifest itself first of alkie existence of legal or political
impediments. (...) Any deviating conduct by a mendfea social group is
condemned. (...) Even a mere astonishment at thatidas (...) exercises a pressure
on the individual” (Schumpeter, 1934: 86-87).

YIn de biologie debatteerden Darwin en Lamarck aleretentiemechanismen in evolutie
(erfbaarheid, 'inheritance’). Lamarck suggereeed®janismen aangeleerde eigenschappen
of kenmerken konden doorgeven aan hun nageslaolgek's Darwin kon dit niet. Pas met de
ontdekking van DNA en de genetische revolutie hexefh in het midden van de“geuw

meer inzicht gekregen in de evolutionaire retentieimanismen. Dit inzichten sloten beter aan
bij Darwin dan bij Lamarck.



Afwijkingen van het bestaande (radicale innovati@sglen dus zelden in mainstream
populaties (regime-actoren) plaats. De creatienvaawe paden wordt wel aangeduid
als een proces van 'mindful deviation' (Garud aathke, 2001): er wordt afgeweken
van bestaande routines en regels; dit afwijken Wwgedaan door menselijke actoren
(entrepreneurs) die percepties, motieven, en vértvagen hebben. SNM voegt
hieraan nog toe dat de 'deviation' plaatsvind éhes, beschermde ruimtes waar
afwijking wordt gefaciliteerd door bepaalde besaiegsmaatregelen. Die
bescherming kan direct komen van subsidies enlsauwerken (actoren die voor
een bepaalde innovatie lobbyen en deze verdedimgeéahbatten); maar ook gedeelde
verwachtingen geven, in meer abstracte zin, besthgraan innovatieSAls een
verwachting breed gedeeld wordt, wordt de legimitan bepaalde innovaties
hoger, wat weer leidt tot meer interesse, grotecgate netwerken, en meer subsidies.
Als verwachtingen echter verzwakken (bijvoorbeeddrdhegatieve leerervaringen)
kan dit bepaalde innovaties ondermijnen.

Op basis van deze overwegingen, onderscheidt Stiévbdsisprocessen die
belangrijk zijn bij de ontwikkeling van niche-innatwes (Kemget al, 1998; Hoogma
et al, 2002; Raven, 2005):

1. de vorming vasociale netwerkerdie de niche-ontwikkeling dragen en erin
investeren, en die bereid zijn de innovatie te edigen.

2. de articulatie, onderhoud, en aanpassingvreamwachtingeren visies; enerzijds
geven deze verwachtingen richting aan leerprocggsedienen ook te worden
aangepast op basis van uitkomsten van leerprogesselerzijds dienen
verwachtingen om andere actoren te interessereer (sabsidies van beleidsmakers,
andere bedrijven die mee gaan doen).

3. leerprocessen; innovaties worden verbeterd gmhinische leerprocessen (bv.
R&D); maar leerprocessen kunnen ook betrekking @elap de markt (wat willen
gebruikers), regelgeving (hoe moeten bestaandésregeden aangepast),
infrastructuur, en culturele aspecten (welke metafavorden gebruikt? hoe verloopt
maatschappelijke acceptatie).

Hieronder geven we nader aan hoe deze processskagy inwerken, alsmede de rol
van experimenten en demonstratieprojecten. Zoalbbwven is aangegeven, zijn
variatie- en selectieomgeving in sociale evolutet strikt gescheiden. Experimentele
projecten zijn een derde koppelingsmechanismet naasachtingen en bewust
beinvioeden van de selectieomgeving. Dergelijkgepten vormen plekken waar
variatie- en selectie vroegtijdig bij elkaar wordggbracht. Het zijn ‘proto-markten’
waar radicale innovaties selectief kunnen wordewotdesteld aan selectiedruk.
Omdat het in een beschermde omgeving plaatsviadt,dgze selectie niet om
wel/niet overleven, maar om leren en netwerkbouw/fé2dback van gebruikers,
maatschappelijke groepen, en andere selectie-actaralt gebruikt om de innovaties
te verbeteren, en daarna opnieuw bloot te stellarsalectiedruk. Innovatietrajecten
komen dus tot stand door een sequentieel proceprabe and learn’ (Lynet al,
1996).

SNM-onderzoekers maken een onderscheid tussele Ipigecten en de
algemene niche. De niche van biologische varkehgtdezonne-cellen) wordt
bijvoorbeeld gedragen door verschillende lokalggmten (Figuur 1.1).

2 Verwachtingen over de 'hydrogen economy' helpebijroorbeeld mee om niches voor
brandstofcellen, waterstofbussen en waterstofsiteatreéren.



Global niche-level ©
(e.g. the emerging K \

field of PV solar cells) '

... is carried by ST > ~-.
projects in different /' <> - \
local practices L o OO

Figuur 1.1. Lokale projecten projecten en een gaibaiche niveau (Geels en Raven,
2006: 378)

Het niche niveau bestaat uit een sociaal netwenk @merging community'), die
bepaalde regels delen. Dat zijn cognitieve regadsrfachtingen, probleemagenda'’s,
zoekheuristieken), normatieve regels (rolpatrogedyagsrelaties) en formele regels
(bv. wet- en regelgeving, standaarden). Als eehenieet ontstaat zijn deze gedeelde
regels vaak diffuus, vaag, onduidelijk, niet gearerd. Sequenties van projecten
kunnen vervolgens optellen tot innovatietrajectexarin geleerd wordt over de niche-
innovatie, en waardoor de regels gaandeweg stabi@@men worden. Als we
aannemen dat een project ongeveer 2-3 jaar daurtkah stabilisering door een
sequentie van projecten makkelijk 10 jaar duregyér 1.2).

Emerging
technologice

(community, expectations, abstract theories, technical models) trajectory

field) e _

coordinating

Local projects,
carried by local
networks,
characterised
by local variety

Figuur 1.2. Niche ontwikkelingstraject, gedragemdimkale projecten (Geels and
Raven, 2006: 379)

Voor succesvolle niche-ontwikkeling zijn positiemeeracties nodig tussen de drie
interne niche processen: a) sociale netwerkemdieviatie dragen, b) leerprocessen
over techniek, gebruikerspreferenties, regelgevirfgastructuur, etc. c) ontwikkelen
en bijstellen van verwachtingen en visies. FiguBrdeeft schematisch weer hoe deze
processen op elkaar inwerken en de rol van lokagegten daarin.

® De term 'globaal’ duidt hier niet op 'mondiaatianop een sociologisch onderscheid tussen
lokale praktijken en kosmopoliete structuren digdem gedragen door een hele community
rond een bepaalde innovatie.
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Figuur 1.3. De sociale dynamiek van niche ontwikigsitrajecten (Geels and Raven,
2006: 379)

Niche-ontwikkelingstrajecten zijn geen automatisphecessen: interacties tussen
niche-processen vergen vaak speciale aandacht epte#en van lokale projecten tot
een breder innovatietraject vereist een bepaaluasccontinuiteit, en zorg dat
leerervaringen uit het ene project worden meegenamhbet volgende project. Als er
te weinig projecten zijn en als ze te geisoleerdelkaar verlopen, wordt niche-
ontwikkeling te weinig robuust en krijgt te weimgomentum.

In de hedendaagse innovatietrajecten in de gldstuin en varkenshouderij
hebben de afgelopen jaren meerdere systeem-inegggirojecten plaatsgevonden.
Met behulp van het SNM-perspectief wordt de dyn&mmedeze innovatietrajecten
verder geanalyseerd.

Multi-level perspectief (MLP)
Niche-innovaties zijn belangrijk omdat ze de kiemenr transities verschaffen. Maar
voor de analyse vdmeletransities is het onvoldoende om alleen naar richevaties
te kijken. Men loopt dan namelijk het risico ophieology-push benaderingen, met
suggesties dat transities worden gedreven dooe+itiovaties die na hun 'pre-
development' een logische S-curve volgen; dit kamel leiden tot teleologie en
determinisme (bv. sequenties van fasen die nootigatp elkaar volgen).

Hoewel niche-innovaties belangrijk zijn voor traies, leggen wij daarom
ook juist nadruk op de bredere sociaal-maatschaipgpeimgeving. De
'vruchtbaarheid' van deze grond bepaalt mede afdmetot wasdom komen:

“Macro-inventions are seeds sown by individuakimtors in a social soil. (...) The
environment into which the seeds are sown is, ofs® the main determinant of
whether they will sprout” (Mokyr 1990, 299).

Het zogenaamde multi-level perspectief (MLP) vdttdeze seeds-soil metafoor
middels de notie van ‘windows of opportunity' demg&en bieden voor de bredere
diffusie van niche-innovaties. Het MLP heeft du& deels een evolutionair karakter,
in de zin dat niche-innovaties kunnen worden gealsivariaties, maar dat de



doorbraak en maatschappelijke selectie van dezatiesrafhangt van koppelingen
met dynamieken op bredere regime en landschapsisivea

Net als SNM is het MLP een combinatie van inziohié de techniek-
sociologie en evolutionaire economie. Het MLP osdkeidt drie niveaus:
technologische niches, socio-technisch regimepeimgechnisch landschap. De
niche-dynamiek is hierboven beschreven. Het redietgip komt uit de evolutionaire
economie en is later verrijkt met inzichten uittingionele theorie. Nelson en Winter
(1982) introduceerden het begrip ‘technologiscimregin de evolutionaire economie
om het bestaan van 'technologische trajectenridaven. Nelson en Winter
observeerden aan de hand van casestudies datldegmoplossingactiviteiten van
ingenieurs relatief stabiel waren en niet altijdlepas liepen met de markt.
Ingenieurs richtten zich op bepaalde problemen eml@n geleid door bepaalde noties
over oplossingsrichtingen. Een regime bestaat ducognitieve regels en noties die
gedeeld worden door ingenieurs. Op basis van hsestadie naar het DC-3 vliegtuig
in de jaren '30 schrijven Nelson en Winter de stlbrichting van ontwikkeling toe
aan cognitieve noties. Ingenieurs hadden welontdekideeén omtrent het
potentieel van het design (van metalen body, zmggsr en lage vleugels). Voor
meer dan 20 jaar was innovatie in viiegtuigontwgepcht op de benutting van dat
potentieel, via verbetering van motoren, vergrotiag het vliegtuig en grotere
zuinigheid. De technologie ontwikkelde zich dugen afgebakende richting, hetgeen
leidde tot een technisch traject.

Nelson en Winter leggen dus de nadruk op cognitiegels en routines in de
hoofden van ingenieurs, die werden gedeeld in ischa gemeenschappen. Rip en
Kemp (1998) hebben deze opvatting van technologesgime meer sociologisch
gemaakt, door nadruk te leggen 'regels' die bregi@nkerd zijn:

“A technological regime is the rule-set or grammarbedded in a complex of
engineering practices, production process techiedpgroduct characteristics, skills
and procedures, ways of handling relevant artetaudispersons, ways of defining
problems; all of them embedded in institutions arfichstructures” (Rip and Kemp,
1998: 340).

Omdat deze definitie vooral focust op technologiet name de ontwikkeling), is het
niet direct geschikt voor transities waar het gaatveranderingen in bredere socio-
technische systemen. Geels (2004) heeft daarolmelgeip 'socio-technisch regime'
geintroduceerd, dat op twee manieren breder ise€este worden socio-technische
regimes gedragen door meerdere sociale groepéraliegien ingenieurs en bedrijven,
maar ook gebruikers, beleidsmakers, lobbygroepenren tweede worden op
navolging van institutionele theorie (Scott, 199%)e typen regels onderscheiden
(cognitieve, regulatieve, normatieve), met bepaatwgale mechanismen (Tabel 1.1).

Regulative Normative Cognitive

Examples Laws, regulations, | Values, norms, role Belief systems, models
standards, proceduresexpectations, duty, codes of reality, bodies of
incentive structures, | of conduct, behavioural | knowledge, guiding

governance systems.| practice, identity principles, search
heuristics
Basis of Expedience Social obligation Taken for granted
compliance
Mechanisms | Coercive (force, Normative pressure (sociaMimetic, learning,
punishments) sanctions such as imitation
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‘shaming’)
Logic Instrumentality Appropriateness, Orthodoxy (shared
(creating stability, becoming part of the ideas, concepts)
‘rules of the game”) | group (‘how we do
things’)
Basis of Legally sanctioned Morally governed Culturally soppd,
legitimacy conceptually correct

Tabel 1.1. Drie typen regels en sociale mechanisf{8eatt, 1995: 35, 52)

Deze regels dragen op verschillende manieren bigasstabiliteit van bestaande
sociotechnische regimeSognitieveroutines kunnen ingenieurs verblinden voor
ontwikkelingen en mogelijkheden buiten hun blikv@kelson and Winter, 1982),
waardoor ‘core competencies' kunnen verworderdot rigidities' (Leonard-Barton,
1992). Als actoren blijven geloven dat problemembn het bestaande regime
kunnen worden opgelost, zullen ze langs bestaammeratiepaden doorgaan en geen
radicale alternatieven explorerétormatieveregels hebben stabiliserende effecten
wanneer mensen hun gedragspatronen en lifestyesrahen op bestaande
technologieén. Verder worden bestaande netwerkah gastabiliseerd door
wederzijdse rolverwachtingen, identiteiten en 'sakkapitaal’'Regulatieveegels
kunnen bestaande regimes stabiliseren door binderdeacten, standaarden of
overheidssubsidies die bestaande systemen bevbtmme@Valker, 2000). Vanwege
deze stabiliserende mechanismen hebben bestaaridtesbnische regimes vaak een
hoge mate van inertie en lock-in, iets dat Schuerpmik al onderkende (zie boven).
Binnen regimes is wel sprake van innovatie, maahnekft vaak een incrementeel
karakter.

Vermindering van deze regime stabiliteit komt @edoor druk van buiten.
Hier past het derde concept in het multi-level pecsief: het socio-technisch
landschap. Dit is het macroniveau dat de bredeegbmbrmt voor het regime en de
niches. Het gaat om ontwikkelingen en factorenediern zijn aan het regime en de
niches, maar daar wel invloed op hebben. De matdtoalschap’ is gekozen om ook
recht te doen aan materiéle aspecten van de mapfsghdie invioed hebben op
toekomstige ontwikkelingen (Rip and Kemp, 1998)o¥teelden van dergelijke
materiéle aspecten zijn snelwegen, hoogspannirtgsnetimtelijke ordening,
stedenbouw. Juist vanwege hun materiéle verankedngen deze aspecten een
tamelijk stabiele context. Andere mogelijke aspeatan het landschap zijn cultuur,
milieu, levensstijl, samenlevingsvormen, bredetmke coalities, macro-
economische context, geopolitieke machtsverdeling.

Een ander voordeel van de term ‘landschap’ is da¢ @joed aansluit bij de term
‘technologische trajecten’. Die trajecten kunnerkkedijk worden begrepen als paden
door een landschap. Het landschap vormt als het degradiéntendie bepaalde
technische paden makkelijker of moeilijker maakg(er 1.4). Aan het eind van de
19 eeuw, bijvoorbeeld, was er een cultuur van tediniptimisme en technische
uitdaging. In deze cultuur waren de ‘mankementam ge benzineauto van 1890 juist
aantrekkelijk. Rijke en technisch ingestelde avaoata vonden de explosiemotor die
met hand moest worden aangezwengeld, die somoéietph die regelmatig
onderweg gerepareerd moest worden, juist een spdrareefact. Het was een
‘avonturenmachine’ die goed aansloot bij de heas@&ultuur (Mom, 1997). Die
heersende cultuwmeroorzaakteniet dat de benzineauto het won van de veel
eenvoudiger te bedienen elektrische auto, maard®emel een gradiént die invioed
had op de concurrentie tussen benzineauto enistehdrauto.
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Figuur 1.4: Topografie van sociotechnische evol(@ahal, 1985: 79)

Meestal gaat het bij het landschapsniveau om e¢llamngzaam verlopende trends en
ontwikkelingen (de 'longue durée'). Soms echtenduneh plotselinge en onverwachte
gebeurtenissen voor op landschapsniveau, die gndteed hebben op niches en
regimes, bijvoorbeeld oorlogen, grote ongelukkajv@brbeeld Tsjernobyl) of een
olieschok doordat de OPEC de kraan dichtdraait.

De onderlinge relaties tussen de drie niveausn@den gezien als een
geneste hiérarchie (Figuur 1.5).

Increasin
structuratior

of activities

in local practice

Landscape

Niches
(novelty)

Figuur 1.5: Multi-level perspectief als genesterhiéhie (Geels, 2002: 1261)

Het regimeniveau duidt op het gevestigde socioteche systeem bedoeld om een
bepaalde maatschappelijke functie te vervullenfudetie 'personentransport’ wordt
bijvoorbeeld (voor het grootste deel) ingevuld neildchet regime rond de auto met
interne verbrandingsmotor. Dit regime heeft nitteat betrekking op het artefact,
maar ook op regelgeving (bv. emissies, belastingeifigheid), gebruikersgedrag en
—voorkeuren, infrastructuur etc. Het landschap atenbrede context voor het
regime, of eigenlijk voor meerdere regimes. Somnoigivikkelingen op
landschapsniveau stabiliseren bestaande regimaésteaantwikkelingen zorgen voor
een druk. De niches vormen het niveau waar alterreatnnovaties ontwikkeld
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worden. Deze niches creéren een druk op het reggmenderafDe niches proberen
door te breken, maar dat is moeilijk zolang hetdmesde regime stabiel is.

Het verloop varneletransities kan worden begrepen door de dynamedetu
niveaus verder te conceptualiseren. Radicale irtresvantstaan in afgeschermde
niches. Ondanks de afscherming worden de sociatepsen in de niches
(leerprocessen, stabiliseren van strategieén, nidbwew) wel beinvioed door
ontwikkelingen op regime- en landschapsniveau t&jreén en verwachtingem een
niche zullen bijvoorbeeld versterkt worden als derbeid strikte wetgeving
afkondigt op regimeniveau. De vroege niche-inn@gtiog geen bedreiging voor het
regime, omdat de prijs/performance verhouding nechs is, en er veel
ontwikkelingswerk nodig is. Bovendien kunnen nicheevaties een mis-match
hebben met infrastructuur, regelgeving, en gebraiensen in het regime.

Innovaties kunnen erg lang op het nicheniveau drijvoor ze uitbreken.
Bredere diffusie van niche-innovaties vindt plaatsdrie processen elkaar
versterken: 1) veranderingen op landschapsniveaaxdra druk op het regime
creéren (bijvoorbeeld klimaatverandering en toemataanormatieve bezorgdheid om
dierenwelzijn), 2) afnemende stabiliteit van hgfimee; regime actoren zullen eerst
proberen met incrementele innovaties aan de extEutehet hoofd te bieden; maar
als dat niet goed lukt, zullen de percepties gaaadeseranderen; het vertrouwen in
het bestaande regime neemt af en de 'sense oftoytgeor verandering neemt toe;
ook veranderingen in regelgeving of gebruikerswengsnen tot spanningen in het
regime leiden. De afnemende stabiiliteit creemh8@ws of opportunity’ voor grotere
verandering, 3) niche-innovaties kunnen alleendeze windows gebruik maken als
leerprocessen hebben geleid tot een dominant desgnerbeterde
prijs/performance eigenschappen; positieve leegasen, uitdijende netwerken en
gedeelde visies kunnen niche-innovaties meer mamegeven, waardoor de kans op
bredere diffusie toeneemt. Figuur 1.6 geeft dezpkbngsdynamiek schematisch
weer.
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Figuur 1.6: Multi-level perspectief op transitiemafigepast van Geels, 2002: 1263)

Het nut van het multi-level perspectief voor hegitjpen van transitieprocessen is de
laatste jaren bewezen met verschillende historischeontemporaine case studies:
transitie van beerput naar rioolsysteem (GeelsgRQfansitie van zeilschip naar
stoomschip (Geels, 2002), recente transitie ireledtriciteitssysteem (Verbong en
Geels, 2007), recente transitie in Switzerse landisgsteem (Belz, 2004), opkomst
van mee- en bij-stoken in elektriciteitsopwekkifagen, 2004), de transitie naar
rock 'n' roll (Geels, 2007), de transitie van pama@ar waterleiding en nieuwe hygiéne
praktijken (Geels, 2005).

Verdere reflectie op deze case studies heefhéairétische verfijning van het
MLP geleid. Geels en Schot (2007) onderkennen elaviLP, zoals hierboven
beschreven, eigenlijk één type transitiepad beiechnologische substitutie,
waarin een radicale innovatie ontstaat in nichegegwolgens breder doorbreekt en
het bestaande systeem vervangt. Op basis van méfiegentieerde
conceptualisering van interacties tussen de dvieanis, onderscheiden Geels en
Schot (2007) vier typen transitiepaden
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. Transformatieln evolutionaire termen wordt dit pad gekaraldeerd door
veranderingen in de selectieomgeving, en ombuigirfgerandering varchting)
in het bestaande traject doordat nu andere increeeregime mutaties worden
geselecteerd. Het is dus een geleidelijke transdtentloor vele kleine stapjes. In
sociologische termen wordt dit pad gekarakterisédeat toenemende druk van
outsiders (bv. maatschappelijke groepen, publighkei®). In reactie daarop gaan
regime actoren gaandeweg hun regels en routingsssen (bv.
zoekheuristieken, guiding principles, belief syss@nwvaardoor de richting van
innovatieprocessen verandert. Het zijn dubestaandeegime actoren die de
transitie uiteindelijk in de praktijk brengen. Reale niches spelen in dit
transitiepad een minder grote rol. Er zijn wel expenten, maar die vinden
eerder plaats aan de randen van het regime (mefilleede voorlopers), dan
buiten het regime.

. ReconfiguratieOok in dit pad is vaak sprake van druk en protast
buitenstaanders, en zijn het regime actoren dieatisitie uiteindelijk uitvoeren.
Een belangrijk verschil is echter dat bepaalde aomept-innovaties, door
outsiders (vaak suppliers) eerst zijn ontwikkelahiches. Deze component-
innovaties worden vervolgens geadopteerd door regiatoren. Aanvankelijk
worden deze componenten in het bestaande systegempaist (als add-on) of als
componentvervanging. Door leerervaringen en niecovebinaties tussen oude
en nieuwe componenten wordt echter gaandeweg H#eattiur van het systeem
veranderd. Niches spelen in dit pad dus wel eesmigeiike rol, maar ze zijn meer
symbiotisch met het bestaande regime dan datmeerconcurreren. Hoewel het
transitiepad vrij geleidelijk is, kunnen er wel méerten en stoten zijn, omdat de
component-innovaties soms ook wat grotere effeloédaben.

. Technologische substitutién dit pad is sprake van concurrentie tusseneiich
innovatie en regime. Niches worden veelal ontwilllagbor outsiders of 'new
entrants’, die concurreren met de 'incumbentsuif@delijke transitie gaat in dit
pad vaak gepaard met de ondergang van bestaamderaatat Schumpeter
'‘waves of creative destruction' noemde. Het maitel perspectief, zoals
hierboven beschreven, is impliciet gebaseerd opatit Ook veel van de
bedrijfskunde en innovatieliteratuur richt zichaippad, vanwege de mogelijke
kansen voor nieuwe bedrijven en gevaren voor bedebedrijven. Voorbeelden
zijn te vinden in de literatuur over radical inntweas, disruptive innovations
(Bower and Christensen, 1995; Christensen, 199&akithroughs (Nayak and
Ketteringham, 1986), en technological discontimgitiAnderson and Tushman,
1990).

De-alignment en re-alignmerit pad begint met snelle en grote landschapsdruk
waardoor het regime snel uit elkaar valt (de-alignth Dit creéert een
metaforisch vacuiim, wat stimulerend werkt voordmstaan vaneleniche-
innovaties' Er is veel onzekerheid, omdat verschillende ‘peodhampions’ vele
en soms conflicterende beloftes doen. De co-existgan meerdere niches

. “Een biologische analogie is het inslaan van Konvegt |eidde tot de KT-extinctie
waarin de dinosauriérs uitstierven. Deze overgamghet Krijt en het Tertiair werd ook
gekenmerkt door een snelle evolutie en diversiticzdn zoogdieren. Tijdens het
dinosauriér 'regime' waren er ook al zoogdierergrrdée leefden als kleine
knaagdierachtige wezens in kleine niches (vaalolernonder de grond). De komeet-
inslaag creéerde als het ware een vrije ruimteleieerdere evolutie van vele soorten
zoogdieren stimuleerde.
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creéert ook onzekerheid omdat niemand precies we&e er gaat winnen. Deze
onzekerheid vertraagt dan vaak grootschalige ieviesfen omdat actoren niet op
het verkeerde paard willen wedden. Er is dus epniaalijke periode van co-
existentie, leerprocessen, onzekerheid, en coefféote claims en visies.
Uiteindelijk wordt één van de niches dominant, et dan de kern
waaromheen een nieuw regime clustert (re-alignment)

Het multi-level perspectief blijkt dus behoorlijlekibel, omdat verschillende
interacties tussen de niveaus leiden tot andemsitr@paden. Voor het onderzoek naar
transities in de glastuinbouw en varkenshoudedj lgit dus tot een vervolgvraag:
welk type transitiepad (of combinatie van deze adtypen) werd er gevolgd?

Onze hypothese is dat deze transities een recaafigpad volgden. In het
conclusiehoofdstuk 6 komen we hierop terug.

1.4. Aanpak en methodologie

De onderzoeksstrategie is gebaseerd op kwalitatiase studies. Dit is een
uitstekende strategie voor 'hoe’ en 'waarom' vrageads in dit onderzoek (Yin,
1994). Bovendien is ons theoretisch perspectiehamutionair en multi-
dimensioneel, met een focus op interacterende gseoe context, en agency. Het
onderzoek wordt dus gekarakteriseerd door 'pratessy' in plaats van 'variance
theory' (Abbott, 1992). 'Process theory' is gebakep de aanname dat de wereld
bestaat uit entiteiten (mensen, organisaties, tdogreén) die participeren in
gebeurtenissen: netwerkgrenzen, identiteiten etepées kunnen dus in het proces
veranderen. Voor dergelijke 'process theories'@ge studies een geschikte
onderzoeksmethode, omdat hiermee contextuele caitgildkan worden
meegenomen en omdat ze geschikt zijn voor 'prdcasiag’ en 'pattern recognition'’
(George and Bennett, 2004).

Voor de historische case studies is dataverzamghiaseerd op secundaire
literatuur en archief-onderzoek, met name de nalearchieven, het archief van het
Experimenteer Station Naalwijk, het bedrijfsarchiah Nieuw Honsel (een grote
tuinder in het Westland), en de bedrijfsarchievan voedselwerkende industrie (met
name Hero). Voor de hedendaagse case studies kgggerens uit semi-
gestructureerde interviews met stakeholders, sleid's, onderzoeksrapporten, en
verslagen van demonstratieprojecten. Een aantatstéders heeft feedback gegeven
op tussenresultaten en op de conceptversies vgesthreven artikelen.

1.5. Structuur van rapport

Met de wetenschappelijk directeur van de onderdpeK©rganisation of Innovation
and Transition", Hans Mommaas, hebben we afgesptala de eindrapportage van
ons project zou bestaan uit een bundeling van éngehappelijke artikelen, een voor
elke case studie, met een beredeneerde inleidiegreafrondende
conclusieparagraaf met overstijgende lessen, etduan conclusies. Op deze manier
leveren we bijna twee keer zoveel output als wésalie in de projectaanvraag (twee
wetenschappelijke artikelen en een rapport).

® Email correspondentie in September 2007.
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Hoofdstuk 2, 3, 4 en 5 bestaan dus uit Engel&taligtenschappelijke

artikelen zoals deze zijn ingediend bij internadilenpeer-reviewed tijdschriften.
Hoofdstuk 2 en 3 zijn historische case studies tamsities in de glastuinbouw en de
varkenshouderij Hoofdstuk 4 en 5 zijn contemporaase studies over radicale
innovatietrajecten in beide sectoren. De titel$eaus en tijdschriften voor de vier
artikelen zijn:

2.

Berkers, E. and Geels, F.W., 2008, "Transitionssystem innovation through
stepwise reconfiguration: A techno-economic analgsithe transformation of
Dutch greenhouse horticulture (1930-1980)

Geels, F.W., 2008A multi-paradigm analysis of the transition fronixed
farming to bio-industrial pork production (1930-198 Research Policy
(submitted)

Boelie Elzen, Cees Leeuwis and Barbara van Mi2fd03, ‘Anchorage of
Innovations: Assessing Dutch efforts to use themgeuse effect as an energy
source’Research Policysubmitted)

Boelie Elzen, Frank W. Geels, Cees Leeuwis andd&arban Mierlo, 2008,
‘Normative contestation and transition pathwaysttia making’: Animal welfare
concerns and system innovation in pig husbandggsearch Policysubmitted)

Hoofdstuk 6 is geschreven door alle auteurs erethegfezamenlijke reflecties op de
vier case studies. Het hoofdstuk geeft algemenelgsies over patronen en
mechanismen in transitie-dynamiek in de landbouet, mme de twee bestudeerde
sectoren (glastuinbouw en varkenshouderij).
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Abstract

Transitions and system changes are usually thdogfume about through
breakthroughs of technological discontinuities.sTéuiticle proposes gradual, stepwise
reconfiguration as additional transition pathwaytHis pathway, innovations are
adopted in the existing system and gradually ragarg the basic architecture. New
combinations of 'old" and 'new' elements thus gaigghange the system in a
stepwise fashion. Incumbent actors survive thesesitions through learning,
acquisition of new competencies and interactiortk suppliers of knowledge and
innovations. To analyze these knowledge flows pidyger extends the techno-
economic network approach with institutional thedrige reconfiguration perspective
is applied to and illustrated with an empiricaleasudy: the transformation of Dutch
greenhouse horticulture. The empirical study make®utside-in' analysis that
captures the whole transition and an 'inside-ohais that addresses knowledge
flows in techno-economic networks. The former asialydentifies two specific
patterns in the transition: 'straightjacket dynanand 'innovation cascades'.

Keywords: transition, system innovation, reconfigurationptledge flows, techno-
economic networks, greenhouse horticulture

1. Introduction

This article contributes to the ongoing debate abexhnological transitions and
system innovations, which has progressed undesrdift headings, e.g. regime shifts
(Van de Poel, 2003), technological revolutions é2e2002), technological transitions
(Geels, 2002) and system innovation (Eleeal, 2004). These processes refer to
shifts at the third level in Freeman and Perez888) innovation typology: a)
incremental innovation, b) radical innovation aadhnological discontinuities, c)
changes in technology system, d) changes in teebonemic paradigm. So, the
general topic is shifts from one system to another.

Much of the innovation studies literature assurhes transitions are driven by
disruptive innovations (Christensen, 1997), breadubhs (Nayak and Ketteringham,
1986), technological discontinuities (Anderson amdhman, 1990), or pervasive
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technologies that lead to 'waves of creative destm’ and the downfall of
established firms (Schumpeter, 1942).

This article shows that transitions can also felemother pathway: stepwise
reconfiguration. Reconfiguration processes deviai@ breakthrough transitions in
three aspects: 1) the process is not driveartgmajor, radical innovation, but by
multipleinnovations, 2) these innovations do not competie thie existing system,
but are incorporated as add-ons or component reilaets; transitions then do not
consist of fights between 'old" and 'new’ technigegbut are more gradual processes
in which new combinations of 'old' and 'new' grdfjuehange the system's
architecture in a stepwise fashion, 3) incumbetdraare not swept away by new
entrants (as in 'waves of creative destructionf) srvive the process; incumbent
actors enact the reconfiguration of the systemitecture; thedevelopmenof the
innovations, however, often is done by other (al&sactors. Hence, the transfer of
knowledge and innovations to incumbent actors isrggortant aspect of
reconfiguration transitions.

Section 2 further elaborates this reconfiguratiathpn technological
transitions, linking these three characteristiceetevant literatures. To illustrate its
relevance, the reconfiguration perspective is apio a case study: the
transformation of Dutch greenhouse horticulture3(2980), which made the
Netherlands into a world leader in tomatoes angéls. Figure 1 indicates the rapid
increase, especially after World War I, in tomptoduction and export.
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Figure 1: Dutch tomato production and export, 190880 (composed from data in
De Graaf, 1995; Gijsberts , 1964 and statisticsrirthe Food and Agriculture
Organization,www.fao.org; accessed on 3-2-2008)

This economic success is remarkable, because tatapersunlight conditions and

length of growing seasons in the Netherlands atr@ptmal for these crops. The
cause of this success is the rapid transitioneeginouse horticulture in the postwar
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decades. This transition was not only about neWwrtelogies, but also about
substantial changes in social networks, and regires (practices, guiding
principles) (Geels, 2004). Importaechnicalchanges were (component) innovations
in artificial heat, light, watering, disease coht@O, concentrations and crop
varieties. The adoption of these elements ledsioifafrom 'Westland greenhouse'
designs, with removable glass plates, to closedradated ‘Venlo greenhouse’
designs. With regard ®ocial networksthe ties between farmers, universities,
technology suppliers, and experimental stationsumecmuch stronger and more
differentiated during the transition. With regaodiles and practiceshorticulture
changed from craft-based farming dependent on alatonditions (sun, rain) into a
vegetable factory, with farmers working as produttmanager and machine
operators. As greenhouse horticulture transforroe@tds year-round mass
production of several products, it decoupled fromm seasonal rhythms that
characterized open air horticulture. Major chartbess occurred on all three
dimensions.

The case study is analyzed in two sections, progidubsequently an
‘outside’-in' analysis and an 'inside-out' analysishis respect, we build on Poole and
Van de Ven (1989) who argue that process theohiesld have two complementing
components: global and local models:

"The global (macro, long-run) model depicts therallecourse of development of an
innovation and its influences, while the local (micshort-run) model depicts the
immediate action processes that create short-ruelaf@mental patterns. (...) A global
model takes as its unit of analysis the overajéttaries, paths, phases, or stages in
the development of an innovation, whereas a locaehfocuses on the micro ideas,
decisions, actions or events of particular develemial episodes” (p. 643).

Section 3 provides an 'outside-in' (global) analydithe overall transition, addressing
the following research questions: How did the tit@ms in greenhouse horticulture
come about? Did the transition follow a reconfigioa pathway? Can we distinguish
particular patterns in this pathway? Section 4 makeomplementary 'inside-out'
(local) analysis of the actors and their interattidocusing on knowledge flows
between the agricultural university, which did f@amesearch and development, and
horticultural farmers (often family firms). The i@te ends with conclusions in section
5.

2. Reconfiguration dynamics in transitions

1) Multiple component innovations in distributedteyns

The difference between breakthrough and reconfiguraransitions correlates to
some extent with the architecture of socio-tecHragatems. Breakthrough dynamics
are more likely in systems that are organized ata@uitore' technology. Examples are
car the in the road transport system, aircraftviateon systems, television and video
in visual home entertainment, the telephone irctetemunications, recently
supplemented by Internet and email. While theden@logies need complementary
innovations to fulfil functionalities, the literateidistinguishes between ‘core’ and
‘peripheral’ technologies (Henderson and Clark,@9%ransitions in these kinds of
systems usually come about through breakthrougtsabstitution dynamics: a
technological discontinuity or radical innovatiomerges and subsequently replaces
the core technology.
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Reconfiguration dynamics are more likely in 'distiied systems' or
‘configurational technologies' (Fleck, 1994), whiahction through the interplay of
multipletechnologies that are equally important. Retaisggtems, for instance,
require multiple technologies for transport, pacékggstoring, cooling, scanning and
payment. Hospitals and medical systems also inv@hgde range of technologies for
different activities (e.g. diagnosis, operatioeatment, care). Greenhouse horticulture
Is also a distributed system, involving technolsdi@ heating, lighting, fertilizing,
watering, irrigation and drainage, sheltering armtgxtion, disease treatment. In these
distributed systems there is no ‘core’ technoldwgt tan be substituted by a single
breakthrough innovation. Hence, transitions inrtisted systems come about
throughmultiple (component) innovations, which may leave the systarchitecture
intact (modular innovation) or alter it (archite@lor radical innovation).

2) Component innovations and system reconfiguration

Innovation in complex technical products or systeans be directed at components,
architectures or a combination of both (Hendersah@lark, 1990)Modular
innovationmeans that components are replaced without affgctiher components or
the system architecturArchitectural innovationrmeans that the components stay the
same, but the linkages between them chaRgdical innovationnvolves changes in
both components and architecture (Table 1).

Components reinforced Components overturned
Architecture unchanged | Incremental innovation Modular innovation
(linkages between
components)
Architecture changed Architectural innovation Radical innovation

Table 1: A framework of innovations (Henderson @hark, 1990: 12)

Modular innovation is possible when linkages betwggstem components are
characterized bipose couplingSimon, 1973). Loose coupling means that
components operate dynamically in independencleeofiétail of other components;
they are only connected through functional inpuis autputs. In technical systems,
loose coupling means that components are orgaag@tlependent modules. This
permits modular innovation and improvements orae@ments within one component
without requiring synchronous changes in other camepts that make up the system.
Modular innovation thus enables distribution ofdal specialisation, and flexible
innovation (Sanchez and Mahoney, 1996; BaldwinGladk, 1997).

These innovation categories do not always remeatiy separated.
Sometimes change begins as 'modular innovationsabsequently triggers
adjustments in other components, leading to 'achital’ or ‘radical innovation'. The
jet engine, for example, began as a modular inmavdteplacing the piston engine),
but subsequently triggered innovations in othetspairthe airplane (e.g. swept-back
wings, size) and aviation system (longer runwagtgjsiments in air traffic control
systems) (Geels, 2006). The more general poihtaissystem changes can occur
through sequences of stepwise component innovatrdmsh begin as modular
innovations but end up as radical (system) innowati These modular innovations
may replace existing components or add new modalgee system (symbiotic add-
on). Broader system change occurs when old andmadules lead to new
combinations that change the system's architecture.
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The distinction between loose and strong linkadss has implications for
degrees of inertia in system change. Systems tbairganized around core
technologies tend to have strong linkages betweerponents. which creates inertia
and resistance to change. In distributed systemsrexcomponents are functionally
aligned through loose coupling, this kind of in@ii8 less prominent. Hence, there
tends to be less resistance to the adoption olatians in the system, especially
when they offer improved performance.

3) Incumbent firms and knowledge flows

Reconfiguration processes are enacted by incungwtoits, who adopt and
incorporate (component) innovations in existingeyss. Other actors, such as
universities or technology suppliers, often develggse innovations, often in
interaction with incumbents. Interactions and krexnige flows are therefore
important in reconfiguration processes. To concae these dynamics, we add to
the notion of ‘techno-economic network’ which ig@ordinated set of heterogeneous
actors, e.g. public laboratories, technical reseaentres, industrial firms, financial
organisations, users, and public authorities, whigtticipate collectively in the
development and diffusion of innovations” (Calleinal, 1992: 220). In the original
approach, science, technology and market formhteetmain 'poles’ in a techno-
economic network, linked by two transfer networkgy(re 2). In Callon's actor-
network theory, networks not only consist of actig also of intermediaries which
circulate between the poles and give the networkienal content. These
intermediaries can be written documents (sciengiftles, reports, patents, etc.),
people and their skills, money (e.g. contractsn$o@urchase), and technical objects
(e.g. prototypes, machines, products).

Institutions: Co

: Transfer appa£atu : Distribution,
Science: | (consultants, large| Technics: | retail, Market:
Network: Researcher$,technical mstltLytes Firms, atictions Users,

scientists, \ > technologisty; buyers

universities |« engineers 47

/

Figure 2: Techno-economic network and instituti(edapted from Callon et al.,
1992: 222)

In Figure 2, we have added 'institutions’ to tledtecal pole (greenhouse horticulture
in the case study below). We acknowledge thatatidition is at odds with the
foundational ontology of actor-network theory, whimonceptualizes the world as
flat' (or folded), denies the usefulness of watticonceptualisations of institutional
structures, and understands coordination as ar@ihgfrom circulation and ongoing

22



network interaction8 Nevertheless, we have added ‘institutions' toréal-approach,
because they also contribute to coordination, inveaw. Building on institutional
theory (Scott, 1995), we further distinguish regiuk cognitive, and normative
institutions. Examples of regulative institutions atandards, laws, regulations.
Examples of cognitive institutions are belief sys$e problem agenda’s, guiding
principles, search heuristics. Examples of norneaiisgtitutions are role relationships,
behavioural norms, social attitudes. These ingigtpositively or negatively
influence interactions and knowledge flows witheéshno-economic networks.
Section 4 uses this expanded techno-economic nejvarspective to make an
analysis of the knowledge flows in Dutch greenhdusiculture during the post-war
transition.

3. The reconfiguration of Dutch greenhouse horticulre (1930-1980)

Figure 3 provides an overview of the expansion ofich greenhouse farming in the
20" century. Vegetables (especially tomatoes) andsfiespecially grapes) were the
main crops until 1970. In the 1950s and 1960g)detteggplant, and peppers were
also grown in improved greenhouses. In the 197@slasive shift occurred towards
flowers and pot plants. In terms of crops, the clisdy focuses on tomatoes, which
were the dominant crop for most of the period. Mifghe tomatoes were exported
(see Figure 1), especially to Germany and Britauaking Dutch horticulture sensitive
to changes in international demand.
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Figure 3: Expansion of greenhouse horticulture pep category, 1900-1980
(Plantenberg, 1987)

® 30 you are freed from this image of a multilevatisty. You don't need several layers,

different layers. You don't need infrastructure aogerstructure and embeddedness. You
only need places that are connected and the plitysilfiactors and information to circulate
from one place to another one." (Callon, 2002: 293)
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The 'outside-in' analysis of transition dynamics hayeographical focus on the largest
Dutch greenhouse area called ‘Westland’, situatg#aiden Rotterdam, Delft, The
Hague and the North Sea border. The Westland aghthe nickname ‘city of glass’
before the Second World War, and becahesymbol for the horticultural transition
in the post-war period.

The empirical data come from secondary sourcedrandprimary research in
the National Archives of the Department of Agricué (Agricultural Directorate,
National Agency for Horticultural Economics), thelives of the Municipality of
Naaldwijk and The Westland Museum, company archoféle tomato-pioneering
horticultural company 'New Honsel' (deposited atMunicipal Archives of The
Hague), and company archives of two food-processimgpanies, Hero (deposited at
the Brabants Historical Information Centre in DewsBh) and De Betuweléposited
at the Regional Archives in Tiel).

The analysis focuses on the existing horticultayatem (socio-economic
developments, market dynamics for different cropshnical bottlenecks and
functional problems), the development of new congmbmnovations (techno-
scientific research, experimental projects), arfision and uptake in the system
(knowledge flows between universities and farmadeption and investment
decisions, techno-economic considerations, govemhnegulations). These aspects
are analyzed for three periods: stabilisation ef'¥estland greenhouse' system
(1930-1945), tinkering and reconfiguring the sys{@®5-1965), expansion and
take-off of the new system (1965-1980).

3.1. Stabilisation of the 'Westland greenhouse' sigm (1930-1945)

The ‘Westland greenhouse’ system

The ‘Westland greenhouse’ originated from Guerndey British Canal Island with
important horticultural commerce (Harveyal, 2002), and appeared in the
Netherlands around 1910. While the existing grapemhouses were designed for
mono-crops, the 'Westland Greenhouse' was moratiterand suited for various
crops (Figure 4). The 'Westland greenhouse’ diffuapidly between 1910 and 1930,
especially because of expanding tomato business €a Muijzenberg, 1980).

Figure 4: 'Westland greenhouse' and 'grape greeshbdesigns (Vijverberg, 1996)

On technical dimensions, the 'Westland Greenhalesggn was an improvement over
existing closed glasshouse designs. These clostghdeexperienced problems of soil
dehydration and accumulating salt concentrationgxplained by an horticultural
manual in 1933:
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"For soil that is situated high above groundwates,upper layer dehydrates so much,
that it cannot be moisturized by sprinkling onlyitek repeated rainfalls only —

usually occurring in November and December — tigiraal moisture can be

restored” (quoted in Vijverberg, 1996: 57)

In 'Westland greenhouses' the top glass platesl tmutemoved, especially during
winter months, allowing rains to flush the soil amgprove fertility. A disadvantage
was that the removable glass plates made the ‘&vielsgreenhouse’ leaky and
draughty, increasing the risk of plant diseaseg/éviberg, 1996).

Farmers initially used greenhouse farming as ad-@a to their open-air
practice to earn additional incomes. Early greeskdarming was close to open-air
horticulture, in the sense of dependence on naitypats and influences, e.g. sunlight
for growth and heat, manure for fertilizing, anthveater for periodic flushing. Daily
watering, however, was done with hoses or buckétgh was labour-intensive work.

The social network was dominated by private actwith the government
only indirectly involved through funding of actarsthe so-called ERE-triptych
(education, research, extension). Government imro@nt increased strongly during
the economic crisis of the 1930s. This crisis deeffiected horticulture, as export
volumes of vegetables more than halved between 4889935 (Bieleman, 1992).
The price for tomatoes plummeted from 25.58 gudderl930 to 9.54 guilders 1935
(National Archivesno. 232). Enhanced government involvement helpatdérs
survive the crisis by providing interest-free loams! direct income suppdrifo
combat over-production and decreasing prices, thergment set production
restrictions. The scale of government support wassine. Between 1933 and 1936,
total expenditures of the Agriculture Crisis Funerev200 million guilders per year
(Bieleman, 1992). Horticulture in the Westland reed about 23 million guilders as
direct government support (Kemmers, 1964).

The Department of Agriculture also stimulated nraduct development and
the creation of new markets. Wageningen AgricultUraversity, for instance, was
encouraged to collaborate with food-processing @mgs Hero and De Betuwe to
develop new soft-drinks from tomatoes, grapes,apples. Despite initial hesitations,
these soft-drinks became a big success in the ddwdhof the 1930s (Zwaal, 1993;
Hero company archives, no. 35)he Ministry of Social Services also approached
Hero to process tomatoes into tomato purée, whichuld use for tomato soup in the
crisis' soup kitchens (Hero company archives, ho. 6

Agricultural markets gradually recovered during thte 1930s. The tomato
price gradually increased from 10.69 guilders iB&.8 15.69 in 1937, 22.06 in 1938,
and 25.68 in 1939 (National Archive®. 232). But the financial position of many
farmers was still fragile. Hence, innovations thatl been developed in previous
years (see below), were limitedly adopted. Onlyeneental changes to the "Westland
greenhouse' were made: decreasing size of constrigdements, increasing size of
glass plates, placing top glass plates in momtitiositions towards the sun. These
changes aimed to enhance natural light penetratigreenhouses, because laboratory
research had shown that more light contributedtankially to growth rates and
yields (Van den Muijzenberg, 1980; Boersma, 208450 the influence of different
glass variations on sunlight penetration was ingastd.

Techno-scientific development of new component/atiems

"1f auction prices fell below certain levels, thevgmment paid farmers the difference.
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More radical (component) innovations were develapddboratories and test
stations. Artificial light and irradiation of plastfor instance, was investigated by
Philips, which started a research project in 1@2f@ther with Wageningen
Agricultural University, the electro-technical irgtty, electricity companies and
standardization committees (Boersma, 2004). Fondas, this innovation promised to
lengthen the daily light period which might stimielglant growth. For other project
partners, the commercial promise was that horticeltnight become a possible
market niche for special electric lights. The Hastiural Experimental Station in
Naaldwijk provided experimental space for the testf Osram-lamps, Vitalux-
lamps and Neon tubes in real-life greenhouses (Blare 1949; Boersma, 2004).
These tests showed that heat production from thpdavas a significant problem,
requiring precision control of the light-temperauwatio. Artificial lighting did not
diffuse widely in the 1930s, partly because of gheeshnical and operational
problems and partly because of bad economic comditiin the late 1930s Philips
therefore terminated the research project (Sted®&4; Boersma, 2004).

Artificial heating was also investigated. In 191t Horticultural
Experimental station for the Westland tested codl@kes burners that heated water,
which was disseminated through greenhouses wigs@pd radiators (Stender,
1964). On the one hand, higher temperatures sttedigrowth rates and crop yields,
and enabled extension of the growing season in, @fft@ving more yields per year.
On the other hand, artificial heating led to addh#l purchase and fuel costs, and
additional labour costs, because coal burners medjskilled operators and regular
maintenance. Careless heating could also leadrtpe®ature fluctuations, which
enhanced disease receptiveness. Furthermore, reathvhs lost through the cracks
around the removable plates of 'Westland greenisbuBecause of these economic
and operational difficulties, artificial heating svemitedly used in the 1920s and
1930s. Only innovative and large horticulturalisigh sufficient personnel and skills
(such as the 'New Honsel' firm, a Dutch pioneagraenhouse tomatoes),
experimented with heated glasshouses (New Honsab@oy Archives, no. 1).

Research also focused on soil conditions andifgrin particular artificial
fertilizers, based on chemical combinations of pihases or sulphates. In the 1930s,
the Soil Laboratory of the Westland Experimentaitisn (in Naaldwijk) tested
fertilizer compositions for different crops, intetimg about the findings with
Wageningen Agricultural University and chemicaltéaies such as Delftsche Gist- en
Spiritusfabriek (Barendse, 1949). Soil researchiss addressed the problem of high
salinity that turned parts of the greenhouse stil idead’ spots. The removable glass
plates of the 'Westland greenhouse' formed onensgpto this problem (providing
periodic flushing in rainy periods). But this dasigas leaky and windy, which
caused diseases and led to heat loss. Hence,alesesabegan investigating other
solutions such as above-ground sprinkling systamdsuaderground drainage
technologies (Vijverberg, 1996).

3.2. Incorporation of new elements and tinkering wh the system (1945-1965)

War damage to greenhouse farming was substantthl 1v786.300 rhof

horticultural glass being broken or damaged. Greasé reconstruction to the level
of 1939 would require 900.000°glass plates, 568.000°small glass plates,
1.670.000 window frames, 175.000 meter of heatipgg 30.000 meter of narrow-
gauge railway, 400 central heating boilers, andofor pumps (Van Doesbuej

al., 1999; Dekker, 1964). Investments in the immedpaist-war years were allocated
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to these basic repairs, not to major innovatioimss Was also due to uncertain
economic prospects in the late 1940s.

In the 1950s and early 1960s, many new technolagiels as artificial
heating, artificial lighting, water sprinkling amgigation systems, and new crop
varieties entered the greenhouse. This requireta tinkering and tailoring of
different elements to each other. These learninggsses gradually transformed not
only the technical characteristics of greenhousg®lso the farming practice, which
changed from craft based farming to technical @némgeurship.

These changes in greenhouse farming were stinautgtea) ‘pull factors’
such as enhanced market demand, market liberalizatid export, b) changing
economic incentives (rising labour costs) and @nging government policies. We
irst discuss these contextual changes and thendgreenhouse farming.

a) In the early post-war years, bilateral tradattes regulated horticultural exports.
The trade in greenhouse vegetables and fruits iwégtedl, because they were seen as
luxury products. In 1949, a trade and clearingatyrevith West-Germany created new
export opportunities for vegetables and fruitsL®%6, the European Economic
Community was formed. And in 1958, the Common Agjtiral Policy created an
open European market for agricultural products.

While the European market liberalization createdtaable conditions, the
export of greenhouse products was especially séitedlby strong international
demand related to a general improvement of econoamiditions in the 1950s. The
strong growth in West-German national income @arfnan miracle') translated into
consumer demand for horticultural products. BetwEas0 and 1960, German tomato
imports more than quadrupled from 53.000 tons @222 tons. In this period, Dutch
horticulturalists boosted their competitiveness aratket share. In 1950, 40% of the
German tomato imports came from the Netherlandsba#sl from Italy. In 1960, 55%
came from the Netherlands and 17% from Italy. FataB, the second Dutch export
market for tomatoes, exports increased from 15t0@¥.000 tons between 1950 and
1960, with Dutch farmers increasing their marketretfrom 8% to 16% (Gijsberts,
1964).

Also domestic demand for agricultural products grasvDutch national
income increased almost 200% between 1950 and 28§® consumption
preferences changed as cheap, nutritious but hesgatables, such as cabbages, were
gradually replaced by lighter, more refined, anderexpensive vegetables, often
grown in greenhouses (Gijsberts, 1964). Tomatogeasingly appeared on the
menu, in salads or accompanying meat, and werdralseasingly used by food
industries in processed foods such as spaghettesatomato soups and drinks
(tomato juice). Table 2 demonstrates the rapid growthe Dutch export and
domestic consumption of tomatoes during the 1950s.

Export (tons Interior consumption (tons)
Tomatoes Grapes | Lettuce Tomatoes Grapes Lettuce
1939 32970 6600| 18650 4670 9860 19610
1946 14970 6010| 10050 18920 8310 33090
1950 41220 7610 12770 18700 7410 27540
1951/53 71600 6200| 17500 18100 6800 28500
1960/62 179500 2000| 43900 29600 8700 35200

Table 2: Markets for main Westland horticulturabpucts, 1939-1960 (Gijsberts,
1964)
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The exports of grapes declined in the late 195@s inmovolume (Table 2) and value
(Table 3). This was due to increased competitiomfSouthern European countries,
especially after 1958 when the Common Agricultialicy created an open
European market. Dutch farmers could not compe&tealse rationalization and cost
reduction in grape growing was more difficult tHanother vegetables (Dekker,
1964). As grapes marginalized, tomatoes becamsythbol of a modern and
innovative Dutch horticultural sector. Lettuce atter fruits from (heated)
greenhouses also benefited from the new exportrapmbes. By 1965, 75% of
horticultural products on Dutch auctions went tp@x markets (Gijsberts, 1964).

Product 1939 | 1949 | 1951] 1955 1962
Grapes 33 26 18 14 6
Tomatoes 22 29 37 44 51
Lettuce I 4 8 9 21
Early potatoes | 4 2 2 1 0.5
Other fruits 7 8 8 5 3
Other 27 31 27 27 18.5
vegetables

Table 3: Trade at Westland auctions in terms ofi@gercentage per product, 1939-
1962 (Dekker, 1964: 31).

b) While rising wages stimulated consumer demédmely &lso increased labour costs,
which formed an incentive for the shift from labaarcapital, which generally
occurred in post-war agriculture (Bieleman, 1992) increase labour productivity,
innovative farmers invested in machines and teauie$. The trend towards
mechanization enabled farmers to work larger pdtand and increase their
production. Greenhouse farmers, which faced stoomgpetition from Southern
European countries in export markets, also investe@w technologies to stimulate
their productivity and competitiveness.

While investments always have some uncertaintystiifé to mechanization
and rationalization was doubly uncertain, becatuseguired a new mentality of
entrepreneurship (Defares, 1986). Farmers weretossalve first, and then invest.
But now they had to borrow large sums of money flmanks, make investment plans,
learn economic planning and book keeping. The gowent, agricultural schools and
extension services played important roles in thgning process (see below).

c) The regulation of markets and production, whaalginated from the 1930s crisis
and the war, were gradually abolished. Guaranteagmam prices for vegetables
and fruits, for instance, were stopped in 1948|@man, 1992). In 1949, the
government relaxed the system of growing permitsyiding space for horticultural
expansion. Production licenses were particularyhggd to farmer's sons. Because
little land was available for arable or dairy fangj these farmer’s sons had to turn to
intensive forms of agriculture, such as greenhdwsgculture.

In the 1950s, the national government developeehavision of agricultural
modernization that should secure four goals (Loyd880): 1) food security: reliable
and sufficient food supply (‘no more hunger'), B¢ap food supply: low food prices
would allow low wages, which would stimulate industzation, 3) reasonable
incomes for farmers (guaranteed livelihood), 4yéased export, so that agriculture
would improve the national balance of paymentsadlueve these goals, the
government favoured rationalization, mechanizatiomg scale increase.
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One policy instrument was the expansion of the Efffych, aimed at
disseminating scientific practices and new techgielto farmers (Van den Brink,
1990). The number of employees at the Agricultbreension Service tripled, from
500 in 1946 to 1420 in 1950 to 1580 in 1956 (Zuembl1984). Extension experts gave
presentations for farmers, visited study clubgyithsted reports, and organized
excursions to model farms. While the informatioiiatly focused on new
technological possibilities, economic and investmeformation gradually became
more important. A similar change occurred in thpezsing number of agricultural
schools, which between 1950 and 1960 increasingly @itention bookkeeping and
agricultural entrepreneurship (Duffhues, 1996). Hoeticultural vocational school in
Naaldwijk, for example, introduced courses in 'tmttural economy’, '‘Commercial
correspondence’ and 'English’. By disseminating prawtices regarding money and
investing, agricultural schools and extension etgpeelped to transform farmers into
entrepreneurs who borrowed money from banks ifbesgfit calculations of
investment decisions were positive (Crijns, 1998).

The government also stimulated borrowing and imaests with payback
guarantees on the loans that banks provided. Add&3, the Development and Buy
Out Fund was introduced to provide subsidies tovative farmers who want to
mechanize and expand (Van den Brink, 1990). Thd &iso provided buy-out
subsidies to small farmers who wanted to stop, thci$itating take-overs and scale
iIncreases.

Modernization and mechanization were further pradatith regional
improvement projects, which subsidized 50% of th&< of new technologies (Van
den Brink, 1990). By reducing the risks of investingecisions, these projects hoped
to stimulate early diffusion, learning processed bandwagon (imitation) effects.
The Westland horticultural area also benefited femme of these regional
improvement projects.

In these changing economic and policy contextsyawvgd and new component
innovations gradually entered the greenhouse sydtieti 1950, tomatoes were
mainly grown in unheated greenhouses during thersemseason. In the early 1950s,
oil-fired heating systems became more popularstwves were cheaper than coal
stoves, were easier to operate (turning the oiwap easier than shovelling coal into
furnaces), and required less maintenance. As iatiermal competition with Southern
European farmers grew fiercer, oil heating furttiéiused. Artificial heating not only
created higher temperatures, but also extendegrtiveing season with several
months (Van Soest, 1964). Together with artifiigiting it even created the new
possibility of year-round crops.

The attitude of greenhouse farmers towards awificeating was generally
positive. Boilers and pipes became symbols of modatrepreneurial horticultural
farming (Vijverberg, 1996). More pipes and chimnawsl larger areas of glass
signified higher social standing. Oudshoorn (19®pprts an anecdote from 1954,
when a horticulturist from Poeldijk, a city in thiéestland, did not appear at his
daughter's wedding, because his son in law wasahef a horticulturist with fewer
pipes.

While artificial heating implied additional fuel sts, higher productivity
during more months led to increased productiontagider revenues. Operation of
heating installations, and thus personnel costs,furdher simplified by the
introduction of automatic heat and temperature leggun devices, which also meant
less temperature fluctuations than with coal bugndeating technology suppliers and
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the Horticultural Experimental Station in Naaldwgkso worked on more efficient
boilers and heat distribution systems, aimed aiaeed) fuel costs. The Experimental
Station also provided technical and economic adwideorticulturists with regard to
greenhouse heating. A ‘fuel-economy' consultantideal dedicated heating courses
for interested farmers (Stender, 1964). Betweerd B9t 1964 the area of heated
greenhouses in the Westland increased from 30%%o (Bekker, 1964).

The unexpected side-effect of increased artificedting was air pollution in
the form of soot and smog. Soot exhaust negataécted greenhouse farming,
because deposition on glass surfaces hinderedahfgint penetration. Soot deposits
in residential neighbourhood also damaged the putblage of greenhouse farming.

A positive side-effect of artificial heating was gfertilization. When
research showed that higher £g&ncentrations (0.1% instead of the normal 0.03%)
stimulated plant growth, horticulturalists in therlg 1960s rapidly adopted methods
to increase C@concentrations, e.g. burning additional proparseeaygaraffin and
releasing exhaust gases within the greenhoused@&tel064).

The self-generated steam from artificial heatilsgp anade soil disinfection
possible, combating soil-diseases and fungi. Ir0186& was facilitated by new
synthetic materials which enabled horticulturistiseleased steam under large soil
areas covered with heat-resistant plastic sheets.

Artificial lighting returned on the agenda in tladd 1940s, when Philips
restarted its agricultural research program inkati@ns between artificial light and
crop growth (Boersma, 2004). While some greenharseers adopted fluorescent
tubes in the mid-1950s, high costs and uncertai@imut precise performance effects
hindered wider diffusion. During the 1960s and 1#&3archers from Philips and the
Institute for Horticultural Engineering tried to prove performance improvement and
reduce costs (National Archives, no. 15). But,aswot until the 1980s that artificial
light became widespread for certain crops, esdgdlalvers (Van Doesburgt al,
1999). While artificial lighting remained difficylhorticulturalists did adopt more
incremental innovations that enhanced the inflowatfiral light, e.g. new glass
qualities with better light distribution qualitiesd new greenhouse designs with
wider glasshouses, more glass and less supportsh@an den Muijzenberg, 1980).

Artificial watering was an important labour-savidgvice. Because watering
by hose or bucket was labour-intensive, horticaliats adopted spray systems with
electric pumps in the mid-1950s (Vijverberg, 1998)e addition of automation, via
control panels and electric taps, further reduebdlir demands and enabled the
tailoring of water supply to particular crop ne€dan Doesburget al, 1999).

Artificial water systems also facilitated periodiail flushing to prevent salt
accumulation. The combination of flushing with trecessary underground drainage
systems led to improved soil desalinization, wregpanded the variety of crops that
greenhouse farmers could grow. In the late 19%@side, a very salt-sensitive crop,
could be produced all year round, making it theeadanost important greenhouse
crop, after the tomato (Van Soest, 1964).

Greenhouse horticulture also benefited from biclaignnovations. Advances
in breeding produced new tomato breeds that cawld gnder a variety of (seasonal)
conditions. Pale varieties, such as the Victorgdgally replaced traditional races
such as Ailsa Craig and Tuckwood. Improved breetiegniques also influenced
other crops such as cucumbers, and produced letanisties for different seasons
(Van Soest, 1964).

Higher temperatures and extended growing seassndea to new diseases.
Mildew, a fungous infection of the leaves, ofteaguled greenhouse tomatoes. Other
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common diseases wekarkworte| a soil-disease that affected the roots, andsblos
end rot'. In response, scientists tried to gfidto varieties onto resistant rootstocks
and developed disease suppressing chemicals (\&st,3®64). More difficult to
combat were the tomato mosaic virus and botrytigckvboth occurred at high
humidity. Because disease treatment was only mtelgrsuccessful, the best remedy
was prevention. Regular soil disinfection with steaas one option. Regular disease
tests for soil and crops was another, which praVaeditional work for the
Horticultural Experimental Station where the numbiesoil-tests increased from
15.000 in 1965 to 50.000 in 1975 (Van Soest, 1964).

The incorporation of different component innovationto the existing
‘Westland greenhouse’ created opportunities forenxercompassing architectural
innovations in greenhouse design. By the late 19b@dimitations of the existing
design were increasingly recognized. The 'Westgednhouse' prevented
innovations such as artificial heating, £@rtilization, and ground steaming to reach
their full potential, because leaks and cracksmidhe removable top plates led to
heat loss and CQlissipation. Hence, the 'Westland greenhouse’' tarne seen as a
straightjacket, a bottleneck for further modernmat The late 1950s therefore saw a
shift to a new design: the 'Venlo greenhouse’ wibhated, closed and fixed-glass
rooftops (Stender, 1964). In the 1930s, this debagphemerged in a smaller
horticultural area in the South-East of the Ne#nedk, near the city of Venlo.
Because Venlo was situated on hills, horticultstalcould adopt closed, fixed-glass
rooftops without encountering the normal salt acalation problems. Downhill
underground drainage streams automatically washleéfem the greenhouse soil
(Vijverberg, 1996). In the late 1950s, the 'Venteanhouse' that could be transferred
to the Westland, because water sprinkling, fluslaingd drainage systems had solved
the salt accumulation problem. These technicalvations thus made the removable
glass plates of the 'Westland greenhouse' redundant

The component innovations and new greenhouse desigmly changed the
technical aspects, but also affected farming prestiArtificial heat, light, fertilizer,
disease control and watering systems made greealhousculture less dependent on
natural fluctuations. Greenhouse horticulture gadigiuransformed into a year-round
vegetable factory, with farmers working as produttnanager and machine
operators. The expanding numbers of chimneys neiafbassociations with industrial
centres. The tomato, which was the trailblazerreéghouse farming, changed from a
summer treat to a year-round product. To ratioeghmduction, farmers also began
to focus on single crops leading to more speciatinaln a 1964 memorial book, one
of the authors complained about the loss of varishych made work more
monotonous. "In 1940, a single company of 2 to @dres often produced blue and
white grapes, peaches, plums, endive, tomatoesitspicauliflower, onions, berries,
and maybe had some pigs, chicken, rabbits andgéesiow on the side. Nowadays, it
is lettuce and lettuce again or one sees a fofeéstrmto plants” (Oudshoorn, 1964:
107).

3.3. Expansion of the new system (1965-1980)

The new greenhouse production system was furthgrowmed and refined in the
1960s and 1970s, The Wageningen Institute for Eldttiral Engineering, for
instance, set up a range of projects to elabohnatee¢w guiding principles of
mechanization and rationalization. In 1960, it istigated 'improved methods and
organization in vegetable growing in greenhougesjéct no. 193). In 1965, it started
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projects that studied 'Mechanical pollination ahtdo flowers' (project no. 259) and
‘Transport systems in greenhouses' (project ng. 26l in 1966, new projects
investigated 'Automated ventilation in greenhou@agject no. 271) and
'‘Mechanization of vegetable growing in greenhougesject no. 273) (National
Archives, no. 15).

The improvements in technical hardware, horticalttechniques and crop
varieties resulted in major performance increafemato productivity (kg/hectare),
for instance, almost doubled between 1960 and {Bigdre 5).
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Figure 5: Increases in Dutch productivity and tomatelds (kg/rhper year) (data
from the Food and Agriculture Organization,www.fag; accessed on 3-2-2008)

Relative production costs (guilders per kg) alsoréased substantially, for tomatoes
more than two thirds between 1954 and 1975 (FigurRelative labour costs went
down as technical improvements made it possibledd larger plots of land with the
same personnel. Declining fuel costs made the $ameerall contribution, especially
after 1970 when cheap gas was supplied to greeatarrsers (see below).

8 In 1982, fuel costs increased, because the saxibasis (1979) pushed up oil prices.
Although greenhouse farmers had long-term contmsittsthe Dutch Gas Union they were to
some extent affected by this price increase.
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Figure 6: Relative production costs for tomatoe88Q guilders/kg) (data from
Buurma, 2001: 21)

The impressive cost/performance improvements bddkieinternational
competitiveness of Dutch greenhouse farming, engtidutch crops to compete
internationally with Southern European countrieghvwmore favourable climates.

The economic structure also changed, as improvennetechnology and
labour productivity stimulated scale increasesadrtibulture (Table 4).

1960 1970 1988
Vegetables open air 0,66 1,51 3,13
Vegetables in greenhouse 0,26 0.41 0,70
Flowers in greenhouse 0,11 0,23 0,60

Table 4: Average size (hectares) of Dutch hortigalt companies (Douw, 1990: 47)

These scale increases resulted both from an ireredke total area of greenhouse
farming (see Figure 2) and a decrease in the nuofldiems (Table 5).

Year Number of firms 0.25-1ha.| 1-2ha| 2-%=h|>5ha
1972 10.262 8972 1151 131 8
1980 9.939 7408 2102 411 18
1991 9.474 6001 2690 716 67

Tatgle 5: Size distribution of Dutch greenhouse iattural firms (Vijverberg, 1996:
98)

A drawback of the expanding greenhouse horticuliomaed the increased soot and
smog problems from artificial heating and fuellmilrning. Researchers therefore
investigated alternatives, such as natural gag;iwimad cleaner burning properties
and caused less air pollution and soot depositis.fésearch gained in credibility and
relevance when major natural gas reserves werewdised in the North of the

° Reliable numbers about the number of firms areamatlable before 1970, because statistics
do not differentiate between greenhouse and opdamdiculture (many firms had both).

33



Netherlands (in 1959), followed by the constructod@ national gas infrastructure in
subsequent years (Corre§eal, 2003).

The Institute for Horticultural Technology (IHThe Dutch Gas Union, the
Gas Institute, and manufacturers of gas burninignelogies investigated if existing
oil furnaces and boilers could be retrofitted torboatural gas. Although technical
results of gas burning (heat capacity, efficienagye promising, cost-efficiency
calculations showed that oil burning was cheapen thas. The IHT confirmed this
result in a report in 1966, which concluded thatrdas the board gas appears to be
more expensive than oil" (National Archives, no).15

Nevertheless, the government developed a strategon in which
greenhouse farmers would switch from oil to gagddseating (Van Doesbuey al,
1999). Because nuclear energy was expected to leettemost important Dutch
energy source, natural gas reserves had to bemeasim advance (Correlgt al,
2003). Further technical experiments in the la®@0sShowed that gas burning not
only reduced air pollution problems, but also figaied CQ fertilization in
greenhouses. This provided additional argumentthfoshift to gas heating. The
Dutch government, which was a major shareholdénerDutch Gas Union,
subsequently facilitated this shift by ensuring tjes tariffs to greenhouse farmers
were substantially decreased:

"To further boost the use of natural gas in holtize and greenhouses, a special
arrangement (1970) provided these users with laeedrgas. They were offered a
much cheaper tariff than normal consumers. Inangty coordinated campaign, the
sector converted quickly to gas. By 1972 gas sadm@iround 50% of the sector's
energy requirements. Particularly in western pairthe country, the reduction of oil
use in greenhouses contributed to a decline in sngegrreljéet al, 2003: 66)

The supply of cheap gas lowered fuel costs (Figland stimulated the
competitiveness of the export-oriented greenhoosgchlture. By 1976, the
greenhouse sector used three billichmatural gas per year (about 6% of total
domestic consumption). Because of its economicess;¢he sector was seen as a
showpiece of effective Dutch industry policy, whitinther legitimated government
support.

Throughout the 1960s, greenhouse vegetable prioduotreased in tandem
with high economic competitiveness. While tomat@sained important, other crops
such as lettuce and cucumber were also increasgnglyn in greenhouses (Table 6).

1960 1965 1970
Tomatoes (millions of kg) 200 311 350
Cucumber (millions of pieces) | 132 286 378
Lettuce (millions of pieces 300 470 566

Table 6: Auction supply of greenhouse vegetablggef¥erg, 1996: 62)

Farmers could respond to changes in market demaadijbsting their production
portfolio (shifting between crops). This was potsibecause the new greenhouse
system was versatile and could be used alterngtielmany crops.

After 1970, greenhouse farmers increasingly tutoeftbwers, laying the
foundations for the internationally leading Dutabsption in this premium market.
Table 7 indicates this growing importance of flogvand plants.
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Year | Total area of | Area for Area for cut | Area for pot Other (e.g.
greenhouses | vegetables flowers plants fruits)
1965 | 6339 5114 (81%) 863 (14%) 38 (0.5%) 4.5%
1970 | 7238 5374 (74%) 1440 (20%) 194 (3%) 3%
1975 | 7900 4683 (59%) 2608 (33%) 452 (6%) 2%
1980 | 8761 4508 (51%) 3275 (37%) 701 (8%) 4%

Table 7: Greenhouse area used for vegetables)amuefs and pot plants, 1965-1980
(hectare) (Vijverberg, 1996: 65)

This relative shift was accompanied by a strugglsvben two regional clusters:
specialized floriculturist in Aalsmeer and vegegaborticulturist in Westland (and
Venlo). Since the economic crisis in the 1930s gitvernment had introduced
production licenses for flowers, granting a monggol Aalsmeer farmers (Van
Stuijvenberg, 1961). In the 1960s, Westland farrbegan to contest these
regulations, leading to a political struggle whintiolved three Westland agrarian
organizations, the Floricultural Branch Organizatithe central Dutch Agrarian
Organization (HLO), and the government. After 196Fen the flower production
licenses were abandoned, many vegetable hortielits switched towards the
production of flowers.

3.4. Conclusions

The transformation in greenhouse horticulture wearty not a breakthrough
transition with one radical innovation driving theocess. Instead, the transition
followed a more gradual and stepwise reconfigunagiath.Multiple component
innovations were developed by universities, researstitutes and technology
suppliers, and subsequently adopted (and co-dex@)ap the greenhouse system.
The incorporation of these innovations graduabynsformed the architecture and
practice of horticulture, changing it from craftdeal farming that was dependent on
natural conditions (sun, rain) into a vegetablédacsuitable for year-round mass
production of several products. The case study detrated that stepwise changes
and gradual reconfiguration can indeed lead to ntegnsitions and system changes,
both in terms of farming practices and techno-eating@erformance criteria. While
(most) existing farmers survived and enacted tesition, they had to acquire
additional knowledge and competencies, throughitrygiand courses provided by
extension services and technical experts. Youngdes acquired the new technical
and business economics knowledge at horticultulaals.

Within the overall reconfiguration pattern, twad#tnal patterns can be
distinguished: 'straightjacket dynamics' and 'iratmn cascades'. As new innovations
entered the existing 'Westland greenhouse' desggtain problems prevented these
innovations to reach their full potential. The Wast design thus increasingly
functioned as a 'straightjacket’: new innovatiowsrbt function optimally because
they were pushed in the existing greenhouse design.

The Westland design was initially developed aslatiem to soil dehydration,
salinity and fertility problems. Farmers could sbift to closed ('Venlo') designs,
until other solutions for these problems were depetl. Because artificial soil
flushing systems and new fertilizers provided sswlutions, they facilitated the
transition to the Venlo greenhouse design. We siegsannnovation cascadpattern
in which different innovations build on each oth&wil flushing systems + new
fertilizers > shift to Venlo greenhouse designdiffusion of artificial heating and
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CO; fertilization. While the reconfiguration path isrgerally more gradual than
breakthrough transitions, these straightjacket dyos and innovation cascades
introduce jerks and jolts in the transition proesss

4. Network interactions and knowledge flows

To complement the preceding 'outside-in' analykis,section makes an 'inside-out'
analysis, focusing on the knowledge flows and daiaractions that influenced the
rapid adoption of innovations in Dutch greenhowsenfng. We use the extended
techno-economic network perspective from sectitm @alyze the networks and
institutions that influenced the transfer of knogge and innovations.

Techno-economic networks

The network tiesvithin the horticultural community, i.e. the technologyeim

Figure 2, were strong and deep, creating an ecanclnster. To strengthen their
negotiation position vis-a-vis buyers of fruits aretjetables, individual horticulturists
created cooperatives in the early"2@ntury. In subsequent decades these
cooperatives were extended to interactions witlpkens of seeds, fertilizer and
equipment. In the late 1960s, the cooperativesradgotiated favourable gas supply
contracts. While cooperatives were initially driveypcommercial interest, they
stimulated social interactions that helped createllactive identity and open attitude
towards their own community (Vijverberg, 2004). §ktimulated large
horticulturalists, who often engaged in technicad acientific experiments (e.g. New
Honsel), to share their experiences and knowledteather farmers. The

willingness to learn also led to the creation afticaltural study clubs, which
organized meetings and courses in the winter-se&sdme two post-war decades, 17
study groups were set up in the Westland areamitte than 3000 members
(Scholten en Sonneveld, 1999). In the early yemingn technical issues received
much attention, researchers and extension serfficeats were invited to give
presentations. In the 1960s and 1970s, busines®®ics issues also received more
attention (cost/benefit calculations, investmertisiens). The study clubs also set up
experiments with new crop varieties and cultivasgstems and organized excursions
to innovative farmers and demonstration projecke @reation of the Dutch
Federation of Horticultural Study Clubs, in 196@nalled formal recognition of their
importance for horticultural knowledge (Buurma, 2R00fficial researchers from the
experimental stations and Wageningen Agricultunaiversity increasingly interacted
with these study clubs, because their 'crop coreasttprovided valuable feedback on
the basis of real-life testing (van Doesbeatal, 1999).

The auction system, which was situated betweerettteology and market
pole in Figure 2, further stimulated the collectigtentity of horticulturalists. These
auction systems graded tomatoes (and other prgdoderms of size and quality
categories, without differentiating in terms of guaers. Because products were thus
solden blog a collective interest emerged in product quafitprovements
(Vijverberg, 1996). This collective interest stiratdd the willingness to exchange
lessons and experiences.

The networks between research and farmers stromiggnced the
innovativeness in Dutch horticulture. The so-calRE-triptych (education, research
and extension) indicates that education and exiengere seen as important channels
for the dissemination of scientific knowledge.
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"Transfer of knowledge, skills and technologiesh® farming community was
primarily a matter for the Agricultural Extensioer8ice, the agricultural experiment
stations and lower-level agricultural schools. Aandunction of the Wageningen
school became providing competent agriculturistgfese services" (Maat, 2001:
107).

In the post-war modernization ideology, the netwallations in the ERE-triptych
were seen as a linear model, with Wageningen Alguial University producing new
knowledge, which was subsequently transferredrtodes. In reality, however, and in
line with recent insights about sectoral innovasgstems (e.g. Malerba, 2002), there
were mutual feedbacks and exchanges in this kngelsgistem. A distribution of
cognitive labour emerged: a) researchers at unilessand technical institutes (e.qg.
Institute for Horticultural Technology) developdtobretical knowledge, b)
Horticultural Experiment Stations developed pradtimowledge in test
circumstances, and c) local farmers and horticaltstudy clubs produced real-life
knowledge, based on experiences in a variety ofreb® greenhouse practices.
Instead of a one-way flow, the knowledge system thvas multi-sited with multi-
directional interactions.

Knowledge flows also occurred via circulation afividuals (embodied
knowledge) through the network. Researchers fraDihtch organization for
Applied Scientific Research were, for instance tpadsit the horticultural
experimental stations in Aalsmeer and Naald\{ikholten and Sonneveld, 1999).
University researchers were sometimes posted witnsion services. Research
institutes paid for university chairs in particuéaeas, and university professors set up
commercial research institutes. Maat (2001) theeeflvaws the following conclusion
about the post-war period:

"The organization of agricultural research in thetiidérlands developed [...] into a
layered structure, divided over the departmentsl@naratories of the Agricultural
University, the research institutes and the expeminstations. (...) The research
performed at the Agricultural University could peesitself as fundamental without
loosing its agricultural identity only when a cleatation was maintained with
divisions that performed the more applied reseafgh91-93).

Although the average greenhouse farmer did lit8®Rthese networks and
interactions provided the whole sector with an@fie innovation system.

Institutions

Regulative, normative and cognitive institutionsoainfluenced innovation and
knowledge exchange, leading to particular innovegiatterns in greenhouse
horticulture.

Many production and marketgulations(e.g. guaranteed minimum prices,
import and export restrictions, production licer)sesre gradually abolished in the
1950s and 1960s, liberalizing production, trade exybrt. The creation of an open
European market stimulated Dutch horticulture, \nfgeeatly depended on exports.
The development and adoption of new technologiesstienulated through increased
funding for the ERE-triptych and through propagatod a general vision of
agricultural modernization. This vision was backgdwith regulations and programs
to stimulate investments in new technologies (gagk guarantees for loans, regional
development projects, Development and Buy Out FuRdyulatory institutions thus
encouraged rationalization, mechanization, scaleease, and modernization.

37



Importantnormativeinstitutions were collective entrepreneurshipdtigh
cooperatives) and trust, which were stimulateddnyad ties that originated from
intermarriage and kinship relations. Westland leatturists did not see each other as
competitors but as colleagues, part of collectiviesrise. A Protestant work ethic
further stimulated norms of hard work and a detsinenprove (Defares, 1986;
Vijverberg, 2004). A willingness to learn and sharperiences further led to a
collective innovation pattern for the Westland rauttural cluster as a whole.

A shared belief in the modernization vision wasraportantcognitive
institution that stimulated knowledge exchange tedwill to invest. Knowledge
exchange was also promoted by a congruence in etsbdstween farmers and
university researchers (who often came from farnfiamgilies). Researchers therefore
often had intimate knowledge of concrete farminacfices (Van den Brink, 1990).
Many horticulturalists, however, had ambiguougdutts about science. On the one
hand, they recognized the importance of reseanceioerating new findings. On the
other hand, they were sometimes sceptical, doweatt? and not easily persuaded by
purely theoretical arguments (e.g. about the neediopt particular innovations).
This tension led to an innovation pattern with meafiphasis on demonstration
projects and concrete experiments (in horticultergderimental stations or study
clubs). An additional reason for the importancexjerimentation was that
greenhouses were a ‘configurational technologgc{11994), where the challenge
was to get multiple components to work togetheril®Mndividual components could
be tested in a research laboratory, learning atheirt alignment in greenhouse
systems could only occur through concrete impleatent. The greenhouse thus
became a laboratory in it self, where experimeotadéind ‘learning by trying’ (Fleck,
1994) were important. The horticultural innovatpattern thus had characteristics of
'vicarious experimentation’, one of three typesxgferimentation patterns Leonard-
Barton (1995) distinguishes (Figure 7).

Darwinian selectior Product morphing Vicarious experiment:
Time Performance/functions Performance/functions Performance/functions
> < > < >
Company A Company B Company C
D
I \ I Company D
| (p?équct M Company E
discontinued) : (product
| discontinued)
4 :
!
?
\ 4
1 2 3 1 2 3 1 2 3
Product definition Product definition Product definition

Figure 7: Three experimentation strategies (LeorBedton, 1995: 208)

In vicarious experimentation, innovation considtsuwmulative experimentation
projects that constitute a learning trajectorynfarexchange experiences and learn

38



from each other's experiments, thus contributingathective invention' (Allen,
1983). This innovation pattern deviates from Daramnselection, in which a single
company exposes a variety of product designs t&ehaelection, and from product
morphing, in which a single company engages in aetial market experimentation
projects and uses the feedback to learn and impghevproduct.

5. Conclusions

This article has shown that transitions and systeravations do not only come about
through discontinuous breakthrough innovationspBige reconfiguration is another
transition path, which is more likely in distribdteystems where multiple
components act together. The article elaboratesktbinaracteristics of
reconfiguration transitions: 1) reconfigurationsatvesmultiple component
innovations, 2) these innovations are initiallyanmorated into the existing system as
add-on or component replacement, and subsequegtyet adjustments that change
the relations between components and the systdmtexture, 3) incumbent actors
survive and enact the process. Because they adaptations, which are initially
developed elsewhere, knowledge and innovation flax@smportant. With regard to
this last characteristic, the article extendedidfobno-economic network approach
with institutional theory.

The 'outside-in' analysis of the case study detnatesl the empirical
relevance of the first two characteristics, anchfibtwo additional patterns in
reconfiguration processes: 'straightjacket dynanaied 'innovation cascades'. The
'inside-out’ analysis of networks and institutidungher explained the speed of the
transition in Dutch greenhouse horticulture, whilglveloped into a competitive world
leader in vegetables and flowers.

The case study also shows that so-called 'low-tsattors (such as
agriculture) are shot through with innovation dymesnThis is a reminder for
innovation studies, where most work still focusash@h-tech sectors. In that sense,
the article adds to the (still small) literaturattlextends innovation studies' insights to
domains such as retailing, services (Miles, 200ayitional manufacturing, banking
(e.g. Nightingale and Poll, 2000).
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Abstract:

This article distinguishes five ontological paradgbased on different assumptions
about causal agents and primary causal mechanigrase paradigms are: rational
choice, conflict and power struggle, interpretivisomctionalism, and structuralism.
Adding to the literature on sociotechnical tramsis, the article makes a multi-
paradigm analysis of the Dutch transition from ndixeég farming to bio-industry. The
article provides five explanations of this traritiand analyses strengths and
weaknesses as well as crossovers and complemestaetween paradigms.

1. Introduction

This article makes empirical and theoretical cdnttions to the literature on
sociotechnical transitions and system innovatiétehf(acher, 2001; Geels, 2002;
Smithet al, 2005; Geels and Schot, 2007). Empirically, thiela contributes a new
case study: the Dutch transition in the producéind consumption of pigs. The
number of pigs increased from 2 million in 193A.tbmillion in 1990, making
Netherlands the biggest European net exporter iif (fogure 1). Dutch pork
consumption also increased substantially (Figure 2)
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Figure 1: Number of Dutch pigs (data from the CahBureau of Statistics)
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Figure 2: Dutch meat consumption per capita perry@agrams) (data from the
Central Bureau of Statistics)

The transition not only involved farmers and constsnbut also a range of other
actors in the pork chain. Table 1 provides an ghial indication.

Sub-system Activity Actor
Supply 1. Compound feed Compound feed companies
2. Stables, buildings Stable construction companies
3. Technological Supply companies, compound feed compan
components (food
supply systems, heating)
Primary 4. Breeding Pig breeding farms, herdbook orgaropati
production (pig and breeding associations, artificial
farming) insemination organizations

5. Fattening

Pig farms

Meat processing

6. Slaughtering

Slaughterhouse, meat processinpaoies

and distribution

7. Meat processing

Meat processing companies

8. Distribution and trade

Meat wholesalers, butshsupermarkets

Waste disposal

9. Corpse processing

Destructiopanies
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10. Manure processing

Pig farms, manure distributimmpanies,
manure digestion companies.

Consumption 11. Buying, Consumers, consumer organizations
consumption
Services 12. Finance Banks, insurance companies, accountants

book keeping organizations

13. Education

Agricultural schools and universities

14. Research

Government research institutes, Agriel

University Wageningen, test stations,
experimental farms, agri-food industry

15. Advice, extension

Branch organizations, goveaminextension
service, national farmers associations, feed
companies, banks.

16. Health care

Veterinarians, animal health ingspeservice

Table 1: Phases and actors in the pork chain (TemnE993: 55)

The literature provides different explanationsto$ ttransition. Some explanations
emphasize economic processes such as rising congwumes, market competition
and innovation races amongst farmers, which stitedlthem to shift towards
mechanization, specialization, and large-scaleaijmer. Another explanation
highlights the influence of the state and farmas'sociations, who developed and
implemented a vision to modernize agriculture. dtéer explanations emphasize
learning processes and local projects, or chamgégipork chain such as increasing
influence from specialized feed suppliers and supekets.
To understand this variety of explanations, thielarmakes theoretical
contributions that relate to foundational ontol@gi®ntologies are not about specific
theories, but about the underlying assumptionslachmake about the nature of the
(social) world and its causal relationships. Ongas postulate a certain causal agent
and primary causal mechanism. "(...) causal mechan@mtreated as ontologically
primitive causes of outcomes and associations; dneyriginal movers or 'ultimate
causes™ (Mahoney, 2004: 461). Table 2 distingugive ontological paradigms.

Rational Power Interpretivism Functionalism Structuralism
choice, struggle, (social (systems (cultural deep
utilitarianism conflict constructivism) | theory) structures)
Causal agent | Individual Collective Individual actors | Social system | Collectively
actors actors with shared cultural
conflicting assumptions,
interests repertoires
Causal Choice and Conflict and Semiotic Integration of Deep structures
mechanism instrumental power struggle | practices, sub-systems and influence actors
rationality, sensemaking, fulfilment of 'behind their
cost-benefit learning system needs backs' (taken-for-
calculation. granted)

Table 2: Typology of ontologies (adapted and expdrfidom Mahoney, 2004: 463)

These ontologies differ with regard to contrasasgumptions on two dimensions. The
first dimension is the nature of reality: a) objaty assumes an external reality of
deterministic and predictable relationships, b)extlvity assumes contextually bound
and fluid social constructions. The second dimensidhe problem of order
(individualist-collectivist): a) macro-scholars asse that order is externally created by
collective phenomena, b) micro-scholars assumeotio@r has an individual basis and
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arises from micro-interactions. Figure 3 showsgbsition of different ontologies in
the resulting 2x2 matrix.

ORDEFR
Collectivist
. A R .
Conflicts, power * Functiondism (integration, shared norms)
strugale, pdlitical economy
(fixed group interests, * Structuralism (shared belief systems,
material structures) deep structures, culture)
Objective ¢ Subjective pe | ITY
(materialist) (idealist)
Rational choice | nter pretivism (voluntary agency,
(utilitarian, sensemaking, social construction)
instrumental) v
Individualis:

Figure 3: Sociological ordering of ontologies (adeg from Gioia and Pitre, 1990)

Functionalism and structuralism are similar in sdrasic assumptions, understanding
reality as socially constructed and ordered byective phenomena. They differ,
however, in precise mechanisms, with structurahgghlighting shared belief
systems and functionalism highlighting functiongkegration (and alignment of roles
and behavioural norms).

These foundational ontologies are often seen asripatible and
incommensurable. Recently, however, scholars hiavted to work on multi-
paradigm analysis, exploring combinations and awvss (Gioia and Pitre, 1990).
Lewis and Grimes (1999) distinguish three typesafti-paradigm analysis: 1) multi-
paradigm review, which juxtaposes insights fronfiedént paradigms, recognizing
divides and bridges in existing theories, 2) mpéradigm research, which applies
divergent paradigm lenses empirically, showing loowcrete cases can be interpreted
differently, 3) meta-paradigm theory building, whistrives to combine and link
different paradigm insights in a novel and morddtal understanding. This article
practices the second kind of multi-paradigm analysioviding and analyzing
different explanations of the pig farming transitio

The research question is: how do different fourmteti paradigms explain the
transition in pig farming and consumption? To ansthies question, the article uses
secondary sources, especially from agriculturabhys food history, and history of
technology. A further reflexive question is: Aresle different explanations
incommensurable or do connections exist? Sectimovdes further empirical
delineations of the pork transition. Section 3 jues five explanations, each from a
different ontology. Section 4 addresses the reflegjuestion, and provides analyses
and conclusions.

2. Empirical delineation of the pig transition
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During the transition, major changes occurred eng¢bonomic structure as the number
of farms with pigs decreased with 80% (Table 3) @&kerage number of pigs per
farm rose from 20 in 1960 to 476 in 1990, signglimajor scale increases.

1960 | 1970| 1975 1983 19871990
Number of pigs (million) 3 5.5 7.3 10.7) 143 13.9
Number of pig farms (x 1000) 146 76 55 38 35 29
Average number of pigs per farm 20 73 132 282 40676 4

Table 3: Developments in pig farming (Termeer, 1583

1965 1970 | 1980| 1990
Breeding
Number of piglets per birth per sow 8.9 8.7 8.5 9.3
Number of births per sow per year 1.66 1.72 185 | 2.20
Number of piglets per sow per year 14.8 15.0 15.7 | 205
Average deaths of piglets per sow/year (percentde3.9 3.6 2.7 21
total births) (26%) | (24%) | (17%) | (10%)
Fattening
Weight growth (grams /day 547 563 610 719
Food uptake (kg/day) 1.99 1.95 2.04 | 2.07
Food conversiofkg food/kg growth) 3.64 3.47 34 2.88

Table 4: Technical performance improvements inlpegding and fattening
(Groenestein, 2003: 3)

Economic pig performance improved substantiallyirduthe transition (Table 4). The
yearly number of piglets a sow produced increasaa fL5 in 1965 to 22 in 2000.
Breeding research played an important role in tivapeovements. Population
genetics, heritability data and mating systemsyaimaknabled the use of statistical
analysis to enhance valuable traits through intenselection and inbreeding (Boyd,
2001). Artificial insemination, which enabled breegiwith champions, also
improved resultd® Improvements also came from the introduction néw practice,
namely separating baby pigs from the sow withieva dlays of birth. With no need
for suckling, the sow could be bred again withist juine weeks (Finlay, 2004). The
young piglets were fortified with antibiotics antdlamins, and kept in artificially
heated environments. New stable designs, which rbdelss likely for sows to crush
their offspring, also contributed to reduced nursh@ryearly piglet deaths per sow.

In pig fattening, food uptake and food conversiaies (kg. food needed per
kg growth) increased substantially, because of avgd breeding techniques and
specially designed food. In the mixed farming regipigs searched their own food
on farmyards or were fed leftovers (potatoes slgksnmed milk, kitchen waste).
During the transition, pig farmers came to relycomcentrated feeds, which were
based on research into nutrition, digestion, angiological needs. Specially

1% Early experiments with artificial insemination foigs began in the late 1950s. Fertilization
results were mixed, ranging between 28 and 76%ghwias lower than normal fertilization
(Paridaans, 1987: 205). Treatment and conservafisperm and the right timing of
insemination were difficult issues that requiredter research. By 1963, average
fertilization results had increased to 58% andd69to 78%. Subsequently, the number of
artificial inseminations increased rapidly, from 234 in 1969 to 41.375 in 1975 to 172.851
in 1985 (Paridaans, 1987: 208) (data refer to theiRce of North-Brabant, where most pig
farming concentrated).
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designed food had ideal ratios of nutrients suclatss proteins, carbohydrates,
minerals, vitamins amino acids (Groenestein, 2003.

The shape of pigs also changed during the transitin the 1930s, when
consumers appreciated fat, breeding focusefatqrigs. Pigs would be fattened up to
150 kg before they were slaughtered. In the 1968sn consumer preferences
shifted to lean meat, the animal's physiology wanged through selective breeding,
resulting in 'meat-type' hogs with reduced backatsurements. These pigs were
sold, when they weighed around 100 kg. The new, pibsch emerged from breeding
research, also grew more uniformly, more consisteand more predictably (Finlay,
2004). The standardized pig shapes fitted betttr e specifications of slaughtering
machines. Pigs were also physically adjusted tiln@tbio-industry environment: tails
were cut off to prevent ‘cannibalism’ and tail bgi which resulted from boredom in
small confinements; male piglets were castratdartt, because sex hormones
influenced meat tastes as they grew older; teete w@mmonly clipped to protect the
sows' nipples and reduce damage from biting.

The transition from mixed farming to specialized-imdustry entailed a range
of changes in pig farming practices.

* The bio-industry transition implied the end ofxad farming, as farmers specialized
and focuses on one particular product. On mixemi$apig farming co-existed with
other activities. Most farmers held some cows andcked small plots of land to
produce potatoes, corn, or legumes. Because mdsfatvers, they acted as 'garbage
cans' that earned additional incomes (Somers, 188t)ng the transition, pigs
changed from side-activity to core business.

* The bio-industry transition entailed a shift fraatdoor pastures to confined animal
husbandry systems. In these big sheds, pig farpgogrred on an industrial scale,
focusing on productivity and throughput. These sheskd new technologies such as
automatic water supply and feeding systems, lavgd ftorage silos, electric lights,
air conditioning, artificial heaters, germicidaips (to prevent fungus and
infections). To construct these housing systents)das came to rely on specialized
suppliers (Finlay, 2004). Stable designs also cednBattening pigs were confined to
small cells and lived on concrete floors, which aeasy for farmers to clean. As
stables grew larger, manure removal became prolilerma&chnology offered a
solution in the form of grates and underlying sibfleors, which led manure to
storage cellars. Breeding sows had somewhat baglsrto limit the risk of crushing
piglets. Sows and piglets also had some straweim fiables to improve comfort.

* With the change to indoor confinements and cradviiéng conditions, pigs

became more susceptible to disease. Sanitatiodiaedse control thus became more
important. The intermittent cleaning of stablesmijte and creosote made farmers
dependent on the chemical industry. Farmers alsd ingreasing quantities of
antibiotics, which not only decreased diseasesalsat stimulated growth. This
unexpected effect was discovered in the late 190®ugh the causal mechanisms
remained unclear (Finlay, 2004). The use of antiBdn animal feed led to more
uniform growth, improved weight gain, and enhanfesi-conversion efficiency
(increases of about 5%). In the 1990s, the usaetibiatics became controversial,
because certain viruses and diseases developsthres to antibiotics, creating
public health risks (Boyd, 2001).

* In mixed farming, pigs were fed leftovers fromahle production. During the
transition, pig farmers came to rely on commerfgatl manufacturers which
imported high-energy fodder from around the wofldis eliminated the need for
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pasture, and uncoupled pig farming from the larainfers only needed a small plot
of land to build animal husbandry systems.

* Pig farming used to follow the seasonal cycle #mlavailability of crops from the
land. Farmers typically bred their hogs in the $allthat piglets would be born in the
spring. In the summer and fall, pigs fed on pasturelate fall, pigs were slaughtered,
causing an annual oversupply that depressed fdifogay, 2004). This supply cycle
meant that fresh pork was only available duringatemarts of the year. The shift to
manufactured feeds and indoor housing systems eldahgs seasonal cycle into a
continuous flow pattern that ensured a steady sugdresh meat.

These changes transformed pig farming into ‘agsghbess’, a network activity
with multiple interdependent chains. Pig farmingswacreasingly dependent on
technology suppliers, pharmaceutical industry, femapanies, chemical industry,
banks, and extension services.

3. Explanations from five foundational paradigms

The subsequent subsections first delineate the basumptions and mechanisms of
different ontologies and then provide explanatiohthe bio-industry transition.

3.1. Rational choice: Prices, factors costs, inveséents

General paradigm

The rational choice paradigm, which is based orhoulogical individualism,
assumes that the basic agents are individualsohgdrly formulated (material)
interests and preferences. Actors use instrumeatiahality and procedures (e.g.
cost-benefit calculations) to choose between atere courses of action. Neo-
classical economics is the prime example.

With regard to transitions, core explanatory eleta@re sales prices, factor
costs, adoption decisions, investment decisionstegfies and pay-off rates. Producers
compete with each other through price and perfoomanf products. To increase
market shares and profits, firms strive to lower tbsts of input factors (e.g. labour,
land, inputs, capital). Transitions in productiechnology, such as the shift to bio-
industry, depend on capital investments. Such aessiepend on calculated return
on investments and the availability of capital ¢o@ring from banks, interest rates,
etc). Farmers who invest in new production techgypkenhance their productivity and
economic performance. They will subsequently. Toyeutation transforms, because
fit firms survive and push 'weaker' firms off tharket. Transitions thus come about
through competition, investments and market sealacti

Explaining the bio-industry transition

On the demand side, rational choice theories hgghtihe role of rising incomes,
which increased with almost 300% between 1950 &89 {Figure 4).
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Figure 4: Three year average, real (inflation-adged) price index data for wages
and factor costs (1949/50-1952/53 = 1006 der Weijderet al, 1984: 18)

Increasing wages, especially after 1965, enabledwuers to buy more meat,
especially pork, which was generally cheaper theef.lOn the supply side, rational
choice theories explain farmers' choices to inwrebio-industry technologies with
factors such as labour costs, fodder prices ams gaice of pigs. Rising wages led to
higher labour costs, which formed a general ingentid shift from labour to capital.
Seasonal workers, who assisted farmers during peisgds, were fired. But for pig
farming, labour costs were less important than foagts, which accounted for 40-
60% of total costs. Decreasing animal feed prindbe 1950s and 1960s formed an
important incentive for scale increase in pig fargh{Figure 4). The decrease of
relative prices of agricultural products formed #u@o incentive for scale increase.
Because labour value per pig per year decreasdydie(banot corrected for inflation),
farmers with constant output, would earn less mom#is was an incentive for
farmers to shift to large-scale pig farming.

Sales price Food price | Sales price Costs (excl.| Labour value

(guilders) | (guilders/ per pig per| labour) per | (guilders) per

per kg. pig| 100 kg) year pig per year| pig per year
1956/57-1960/61] 2.13 33.00 415 360 55
1961/62-1965/66 2.37 34.50 477 420 57
1966/67-1970/71] 2.84 38.70 557 508 49
1971/72-1975/7¢ 3.33 45.80 705 648 57
1976/77-1980/81] 3.63 53.70 799 764 35
1981/82-1985/86 4.15 61.30 971 914 57
1986/87-1989/90 3.30 51.70 827 799 28

Table 5: Economic results in pig farming, five yaaerages (not corrected for
inflation) (Droge et al, 1990: 78)
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The changing factor costs and pig prices formeaeeuc incentives for
specialization and increasing scale. Innovativenéas made investments in confined
housing systems, feeding systems, lighting andrgeat/stems, etc. Agricultural
banks provided credit. The Rabobank, which emengd®72 from a fusion between
the Cooperative Central Farm Credit Bank and th&@kRaiffeisen Bank, provided
about 90% of all agricultural loans. The speechgéstments accelerated in the
1970s. Between 1974 and 1980, at the height ofrestpia, agricultural loans (in all
sectors) increased from 7 to 20 billion guildersymar (Van der Lans en Vuijsje,
1999: 115)*

The bio-industry transition was also stimulatgdhe creation of bigger
markets. Following the Treaty of Rome (1957), tlwar@on Agricultural Policy
(1958) created a European market that was chaizeddry: a) free trade between
member countries, b) common preference: agricdlpraducts from member
countries were treated preferentially, and c) foialnsolidarity: each member state
paid for the CAP (De Groatt al, 1990). Dutch agriculture and pig farming, which
had always been oriented towards exports, tookrdadga of this opportunity and
conquered large market shares. Economies of scal@pd a self-reinforcing
mechanism. Farmers with larger stables had lowedymtion costs per pig, and could
conguer bigger market shares. This increased tilm@iover, and enabled them to
invest in bigger stables. Farmers who changed ginastices through investments and
adoption of 'modern’ technologies survived, whtleeos gradually disappeared
through market competition.

3.2. Conflict and power struggle: Powerful actorsmplement their vision

General paradigm

In the paradigm of conflict and power struggle edlive actors are key causal agents.
These actors are assumed to have conflicting goalsnterests. Hence, the main
causal mechanism is conflict and power struggleil&®\Marxism focused on classes
(labour versus capital), later institutional thesrhighlighted government agencies,
branch organizations, special-interest groups aner @ollective macro-actors. Power
is a multi-faceted phenomenon, which can be oeegt force, police suppression,
threatening) or operate through subtler mechan{engs authority, knowledge,
agenda-setting). Stability arises from powerfulug® or elites, who protect their
vested interests against challengers. Change ansitions result from shifts in the
balance of power, i.e. the weakening of eliteherdtrengthening of challengers.

In rural sociology, neo-Marxist scholars used fprdi economy considerations
to understand rural transformations (Goodman arattiRe 1981). They highlighted
conflicts between agrarian capitalists and locahts, the influence of agribusiness
and the facilitating role of the state. Power sfifteg or coalitions between collective
actors influence the regulations, financial incemstructures, and subsidies that
frame economic processes.

Explaining the bio-industry transition

The three National Farmer's Associations (NFA), whbted on behalf of the
agricultural sector, were one powerful collectiwtoa in agriculture. The NFA's had
good contacts with local farmers through their oegi and local branches, which
organized study clubs, distributed information, Imli®ed magazines, and organized

11 guilder = 0.45 euro.
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courses. The government was another collective.datthe early 28 century, the
government only influenced agriculture through fimgdschools, research and
extension services, i.e. the so-called ERE-triptgtucation, research and extension).
Government involvement increased strongly in respdn the economic crisis of the
1930s. The government established minimum prizesvyer production costs for
farmers (Bieleman, 1992). To combat over-producsiod decreasing prices, the
government also set production restrictions, engpig, cattle and poultry. To protect
the domestic market, the government establishedddar agricultural imports. To
protect small farms, who suffered most from the i@sgpion, the government
established the Agency for Small Farms (ASF) in6l93e scale of government
support was massive. Between 1933 and 1936, tqgpainelitures of the Agriculture
Crisis Fund were 200 million guilders per year (Biean, 1992: 238-239). This
accounted for almost 40% of total agricultural imeo

This intervention resulted in the creation of threeén front', a corporatist
coalition between the NFA's, political parties arflrament, and the Ministry of
Agricultural and Fisheries, which was created iB3.8Louwes, 1980} Further
institutionalization occurred with the creationtbé Foundation for Agriculture
(1946), where the NFA's consulted with the Ministtg successor, the Agricultural
Board (1954), also performed executive tasks fergtvernment, e.g. providing
advice to farmers, making sure that members oblige&d and regulations. The
institutional arrangements also extended into jgslitvith some members of the
Agricultural Board being members of Parliament. Tgreen front' was a strong,
corporatist coalition, which protected and suppbegriculture.

In the post-war period, this corporatist coalitaeveloped a new vision of
agricultural modernization, which was subsequeintiylemented by influencing the
economic institutions. Post-war agricultural poliead four general aims (Louwes,
1980; De Groot and Bauwens, 1990): 1) Food secugtiyable and sufficient food
supply ('no more hunger’), 2) Cheap food supphy: ileod prices would allow low
wages, which would stimulate industrialization R®asonable incomes for farmers
(guaranteed livelihood), 4) Increased export, sb dgriculture would improve the
national balance of payments.

During the first six-year plan (1947-1952), the érags was on the first and
second aim. Rationalization was intended to in@¢aeduction (Van den Brink,
1990). Rationalization included land redistributiortensification of the farm plan
(doing multiple tasks with the same land) and espmanof the ERE-triptych aimed at
dissemination of scientific practices to farmerse government created several new
research institutes: the Agricultural Economicsd?esh Institute (AERI) was created
in 1947 to perform economic research and act asuigiral planning bureau. The
Institute for Agricultural Technology and Ratiormdtion was created in 1949; the
Institute for Animal Husbandry Research in 195%; lfistitute for Agricultural
Buildings and Constructions in 1957, the InstitisteSoil Fertility Research in 1957.
Education and extension services were also expafdednumber of employees at
the Agricultural Extension Service tripled, from®id 1946 to 1420 in 1950 to 1580
in 1956 (Zuurbier, 1984). Employees gave presematior farmers, visited study
clubs, distributed reports, and organized excusstormodel farms. Between 1940
and 1960, the number of schools and students mtseased rapidly, often operated
by NFA's and subsidized by the government (Table 6)

12 Agriculture previously fell under the Ministry aabor, Trade and Industry.
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Number of NCB schoolg Number of students

1922 | 2 127

1930 | 7 487

1940 | 10 1052
1950 | 39 3475
1960 | 48 3049
1970 | 23 1734
1980 | 11 3019
1990 | 8 2212
1994 | 6 2049

Table 6: Number of agricultural schools operatedliy North-Brabant Christian
Farmers Organization, one of the NFA's (Duffhu€get 404)

The expansion of the ERE-triptych created a so@élork that disseminated
‘rational' and 'modern’ knowledge to farmers, \lig aim of influencing their
attitudes and practices.

High world agricultural prices in the immediate po&r years, threatened the
second policy aim (cheap food supply). Hence, theegnment set maximum prizes
for agricultural products that were below worldgass. They compensated farmers for
the difference. In the early 1950s, however, waddcultural prizes began to
decrease, threatening the livelihood of farmensdgholicy aim). To protect farmers,
the government reinforced import levies and setimmim prizes, which formed
indirect subsidies. The level of these fixed prias@s determined in yearly
negotiations between the Ministry and NFA's (Van Beink, 1990). These
negotiations were based on average production,aosteased with a profit margin,
as calculated by AERI. With guaranteed minimumgsjzroduction increased
rapidly.

By the mid-1950s, agriculture began to producelssgs, thus realizing the
first aim (self-sufficiency), but at increasing t®for the government. As national
incomes began to increase, the second aim (ched)p became less important. The
third aim became more important, however, becagsgeuwtural incomes lagged
behind other sectors. To improve agricultural inespthe government wanted to
improve the labour productivity of existing farnesg. through mechanization and
reduction of hired labour.

In the late 1950s, the government developed a n&anvof 'structural
adjustment’, which aimed at changing the econommictsire: small farms should
disappear and make way for large-scale, modernsfévfan den Brink, 1990). This
vision implied a new interpretation of the thirenaireasonable incomes were not
stimulated forall farmers, but only for farmers who were willingrtmdernize,
mechanize and increase the scale of operation {Det@nd Bauwens, 1990). This
vision also gave more emphasis to the fourth antréased export and contribution to
national income). The NFA's did not immediatelyeguicthis new vision. By the early
1960s, however, the 'green front' achieved consessd developed policy
instruments to implement this new vision.

One instrument was the setting of fixed prices kvel that allowed
economically viable operation only for large firnkdence, AERI's calculations of
average production costs were increasingly modeliedesiredlarge-scale farms
with new production technologies (Van der Ploed)D0Price instruments became
increasingly selective and tailored to the survifdiarge farms. Economic life for
small farms thus became harder.
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Another instrument was the expansion of land codatbn projects, which
favoured the creation of larger farms in arableniag (lower part of Figure 5).
Although this instrument had less immediate immearcpig farming, it indicates the
massive scale of government involvement in agnicaltin 1970, the government
spent almost 5% of the gross national product @ardnt agricultural structural
adjustment policies (Van den Brink, 1990: 11). Betw 1947 and 1985, investments
amounted to 13.8 billion guilders (Van den BergbD4£ 171). Land consolidation
projects also entailed government investmentsfiastructures such as smoothening
land surfaces, improving canals and drainage dstat@nstructing regional roads,
piped water and electricity infrastructures. Thpamsion of electricity and piped
water systems facilitated the operation of new hmgusystems in pig farmingKarel,
2005: 251).

Index (1970=100)
1200

100 |

80 _|

60 _|

40 _| e

20 _|

J

1 9I4 5 ]‘JSO 1 9155 1 9%() 1 9'65 19|70 ]9]75 1 9[80 19185
Figure 5: Indexed developments of government expgad on structural adjustment
policies: Land consolidation and improvement (whilend purchase (grey) and the
Development and Buy-Out Fund (dark) (Van den Bri9©90: 11)

Regional improvement projects formed another stmattadjustment instrument,
targeting not individual farms but entire villagasd regions. These projects
subsidized the introduction of new technologies thredrationalization of farms. After
two pilot projects (1953-1956), the number of petgancreased rapidly (Figure 6).
The extension service organized trips to theseeptejto convince farmers of the
success of modern practices and new technologresinél 71.000 farms, about 35%
of the farmer's population, were involved in th I8gional improvement projects
between 1956 and 1973 (Karel, 2005: 330).
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Figure 6: Number of regional improvement projectaté from Karel, 2005: 124)

Early projects were about the improvemenexistingsmall farms. After 1963,
projects increasingly focused on scale increas@molvative farmers and the
reduction of small farms that did not innovate @aR005). The decline of small
farms was further stimulated by another instrumgm:Development and Buy Out
Fund (Van den Brink, 1990). This Fund, created963], provided subsidies not only
to farmers who were willing to expand but alsoamiers who discontinued operation
(upper part of Figure 5). The different policy mshents increasingly worked in the
same direction, stimulating modernization, mechation, rationalization, and scale
increase.

The agricultural modernization policies were notentested. The 'Free
farmers movement', which emerged in the mid-198Pppsed the increasing
government interference and worsening conditionsfiaall farmers (Nooij, 1969).
They created a political party, the Farmers' Pavtyich acquired three seats in
Parliamentary elections in 1963, and seven sedi86i. Despite public support, the
Farmers' Party had little influence and could nteragricultural policies. Although
the Farmers' Party attracted much publicity, tredesof farmers' protest was relatively
small compared to the decimation of rural poputaicAn Italian rural sociologist
expressed surprise that the government’s Long-RBiagefor Land Consolidation
(1958), which aimed to reduce the number of farnk more than 50%, did not lead
to bigger rural protests (cited in Van der Ploe2)2 298). One explanation is that
farmers, who went out of business, were financietlsnpensated. Another
explanation is that Dutch farmers were relativedgite towards authorities
(Duffhues, 1996). The support of NFA's for the gowmeent’s plans (since the early
1960s) also created legitimacy, which many locahfxs respected.

Criticism also came from members of Parliamente@mwhomic experts, who
questioned the rationality of massive agricultimakestments (De Groot and
Bauwens, 1990). But these criticisms were ignoresidelined by the ‘green front’,
which acted like a 'state within the state'.

Special-interest groups, which represented nevesdwalues such as animal
welfare and the environment, also criticised prgiag. The action group 'Nice
Animals' (‘Lekker Dier’) and the Foundation for Na& and Environment criticized
the bio-industry for poor living conditions of pigsater and soil pollution from
manure surpluses, and stench problems (Crijns,)1988se criticisms were
neglected or denied, because they came from aggnialibutsiders. Internal criticisms
about these issues were silenced with the exentiseert power. In 1972, for
instance, the Agriculture Ministry prevented thdlmation of a research report from
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the Institute for Animal Husbandry Research (19¥2jich noted that pigs were
biting each other's tails and ears, because oflbaneand stress that were related to
confinement in small spaces (Crijns, 1998). Wiitparel to manure problems, the
Agriculture Ministry frustrated and delayed theraatuction of structural solutions for
12 years (1972-1984). In the early 1970s, the Minisf Agriculture deliberately
ignored the problems (Frouws, 1994). The White Papéntensive Animal
Husbandry(1974) trivialized manure problems, emphasizirggaad the economic
successes and technical performance improvemettts ino-industry. When the
Ministry of Environmental Affairs became concernedhe mid-1970s, the
Agriculture Ministry engaged in trench warfare, #irgy that they were responsible
for manure and animals (Frouws, 1994). They sulestublocked all regulations
proposed by the Environmental Ministry. The Agriauhl Ministry also frustrated
attempts at quantitative analysis of manure problbynthe independent Central
Bureau of Statistics (CBSj.Between 1974 and 1982, the Ministry prevented the
publication of CBS manure-reports by challenginghtecal calculations, demanding
extreme standards of accuracy, and pointing torteioéies in calculations (Termeer,
1993). The lack of quantitative CBS-data hinderéeciive policy making. The CBS-
report was finally published in 1984, when stenctl water pollution problems were
smellable, visible and pressing (Frouws, 1994 Bhg same year, under societal and
political pressure, the Agricultural Ministry isguthe Interim Law, which set
limitations on the expansion of pig and poultrynfiarg. Ironically, the law triggered a
wave of expansion, because farmers exploited Idepho the Interim Law. The
number of pigs increased with 28% between 1984188, when the Manure Law
was finally introduced (Frouws, 1994).

3.3. Interpretive: Local learning and changing intepretations

General paradigm

In the interpretive paradigm, which is rooted ircrotsociology (symbolic
interactionism, ethnomethodology), actors are peeceas creative and interpretive,
using cognitive rules for sensemaking (Weick, 199%grpretive rural sociologists,
who see farmers as knowledgeable actors, hightigttbom-up dynamics such as local
learning by farmers, negotiation, and gradual d@djest of practices (Van der Ploeg
and Long, 1994). This approach criticizes agrapalitical economy approaches
because of its structural and deterministic ovesoiVith regard to transitions,
interpretive scholars emphasize learning procegsesactions, and negotiations
through which actors change their interpretatidimese changed interpretations
subsequently influence the direction of their atigg (e.g. policies, investments).

Explaining the bio-industry transition

In the 1950s, incumbent actors, such as the govarhand NFA's, changed their
perception of the 'small farms problem’, which iiadally formed the bulk of Dutch
agriculture® In the 1930s, when small farms faced economidcdities, the Ministry
and NFA's shared the perception that small farrslghbe supported (Somers,
1991). Hence, in 1936, the government establishedgency for Small Farms

13 cBS wanted to collect and analyze quantitative dataut the number of pigs, the minerals
in their diets, manure production, and use of maiagrfertilizer.

“Between 1890 and 1910, the number of small farnts &) grew from 76.910 to 109.620,
and then remained more or less constant until {S6fers, 1991).
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(ASF), which provided direct support in the formfeftilizer, animal fodder, certified
seed and seed-potatoes. The ASF and extensiogesgravided information about
rational practices that would limit farmer's expesiand increase their yields, e.qg.
more balanced manuring, more rational farm equignudreaper input materials and
new corn varieties (Somers, 1991). These suppaasures were linked to the belief
that farmers were invaluable to a healthy socialyo(section 3.5).

After the war, economic and sociological researslagticulated a new problem
definition. Through articles in thdonthly Journal for the Extension Servitey
argued that the economic problems of small farm®wet only related to the
economic Depression, but also to the labour suiiplugral areas (Karel, 2005). They
perceived small farms asstructuraleconomic problem: agricultural incomes
supported too many people, leading to low per eapitomes. The perceived solution
was a discharge of the rural labour surplus. Theieficy of small farms should be
improved, so that they needed less (hired) worRéas der Ploeg, 2001).

Between 1949 and 1958, this new problem definitidfused to policy makers
and NFA's via three high-profile commissions, whitidied the ‘'small farm
problem'. They concluded that labour productivitpsld be improved through
rationalization (which would improve efficiency) @mechanization (which would
increase outputs and reduce labour needs).

As interpretations subsequently shifted from thenféevel to the sectoral level,
the problem was increasingly defined in terms @in@enic structure (Van den Brink,
1990). Instead of improvingxistingfarms, the new idea was to decrease the number
of (small) farms, thus altering the economic sweet\VVan den Brink, 1990). The
perception of small farms changed from ‘problenbécsolved’ to ‘problem to be
removed’. By 1955, the government concluded thatlsfarms should either improve
and enlarge or disappear. The government's LongdRBian for Land Consolidation
(1958) explicitly articulated the goal of a 50% wetlon in the farm population in 20
years time.

This new perception was opposed by the NFA's, whash themselves as
representing thentire agricultural population. The NFA'’s argued that #nraxed
farmscouldhave an economic future and should not be abaxddfe den Brink,
1990). The NFA's defended small farms by critiaig&kERI’s cost calculations,
which formed the basis for yearly negotiations dliba level of guaranteed prices
(Duffhues, 1996). They argued that calculationsuihbe differentiated to represent
real costs for different farms, instead of being basetest-practicdfarms.

So, between 1950 and 1960, there were tensiondebates within the
corporatist coalition. Meanwhile, rural sociologisivho usually identified with
modernization ideals (e.g. Hofstee, Benvenuti) ticbuted to the debate by
investigating cultural patterns and farmers’ liféss (Karel, 2005). Their reports
concluded that some farmers had a 'modern dynautieral pattern' while others
were more 'traditional’. These terms had normatne: performative implications,
legitimating the government's perception that stanmers were inherently more
innovative than others. The sociologists also amhedl that modernization required
farmers to abandon their ‘traditional’ agrarianietind adopt an entrepreneurial
attitude. Hence, extension services should not enjage in knowledge transfer, but
also influence traditions and attitudes (Karel, 200

The stream of economic and sociological reportdenidhe NFA's attachment to
small farms. By 1960, the NFA's accepted the nesiomi as indicated by diminishing
criticism on cost calculations (Van den Brink, 199Chey also supported the
Development and Buy Out Fund (1963), which expliGgtimulated the termination
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of small farms. New symbolic terms in the policgaiurse, such as the distinction
between 'stayers and leavers', signalled the aamwepif the new vision. This vision
was subsequently implemented with policy instruragséction 3.2).

Interpretive changes also occurred at the farml |agefarmers changed their
practices in a gradual and stepwise process. Memaing was labor-intensive, with
farmers performing a range of diverse tasks. Imtie 1950s, decreasing agricultural
prizes and increasing labour costs created econpragsures (section 3.1). In
response, some farmers intensified and increaseduimber of pigs. They
constructed additional low-cost sheds against tam touilding (Crijns, 1998). By
1960, small farmers, who had little hired workénsreasingly recognized the relative
inefficiency of too many small operations (Duffhu2896). Extension services and
NFA's also drew attention to this problem. Althougbst farms remained mixed,
they abandoned some tasks (e.g. poultry farminggylso merged multiple small
sheds into larger single stables. But this did(yet) lead to specialization. The
shared perception was that mixed farming was amnatistrategy of spreading risks
(Termeer, 1993). Specialization and reliance onmnduct were thought to create
vulnerability to price fluctuations, a clear lesfoom the Great Depression.

The moderate scale increases created new bottleneg. time-consuming
manure removal, which still occurred by hand. Hef@eners gradually adopted
mechanical slides, operated by winch and motor poweshove manure out of the
stables (Crijns, 1998). Technology suppliers aléered new stable designs that were
tailored to the breeding and nurturing of piglatsmfattening of hogs. Although
farmers were hesitant about the required investsnéme early 1960s saw a process of
differentiation in pig farming, with some farmergesializing in breeding and others
in fattening.

These developments were stimulated by extensiaicesy which gradually
broadened the scope of their activities. BeforeD1 8%y focused mainly on technical
farm componentsBetween 1950 and 1960, they gave more attentiamteractions
between components and efficient operation at htieedarm-level(Crijns, 1998).
Extension services also addressed financial andoseiz issues. Advisers visited
farmers at home or gave evening courses to teach lookkeeping skills and
investment calculations (Karel 2005). They aimegratiding farmers with the
mental tools to become rational agents. Such mehtaiges were more explicitly
strived for in the 1960s, when extension servioe& sociological research as their
guiding principle and set out to change 'traditloatitudes and routines (Zuurbier,
1984). Also policy makers and NFA's tried to comérarmers to change from mixed
farming to specialization and scale increase. Wais not easy, however, because
there were strong sentiments that mixed farmingavagional strategy (Crijns,
1998). The transition thus entailed a shift in geg@tions of) rationality and attitudes.

To convince farmers about the benefits of new rast extension services
organized trips to experimental model farms. THas®as, which were owned for
50% by the state, materialized the new vision etggization, rationalization, and
mechanization (Karel, 2005). The Ministry also sdized regional improvement
projects, which aimed at stimulating collective axgheriential learning (Figure 6).
Initial projects subsidized 50% of the costs of neehnologies (Karel, 2005: 97);
later projects received lower subsidies. The ptsjatso stimulated network building
and the articulation of new entrepreneurial ateid_ocal communities themselves
were required to take the initiative and submityedr plan (Duffhues, 1996). They
were also required to administer the allocationesburces and monitor progress.
While extension services provided assistance, i@ nesponsibilities thus rested
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with local networks, which involved, for instandéarmers, local NFA's, the mayor,
the priest, the agricultural schoolteacher. Thégute created new dynamics in local
communities, who acquired new skills (bookkeepingestment calculations) and
began to exchange experiences and organize meetggsng courses, and field
trips. Regional improvement projects thus stimwatitude changes (Karel, 2005).

In this context, young farmers were the first tckem¢he shift towards
specialized pig farming in the early-1960s (Crijh898). They were susceptible to
the incentives and extension activities, becausewwral schools, which had
expanded in the post-war period, had taught themskéls and attitudes, such as
bookkeeping and agricultural entrepreneurship (Bugs, 1996: 405). Specialized pig
farms first appeared on the sandy soils of NoorabBnt and Gelderland, where land
was relatively infertile and limitedly availablegtause of many small famers).
Intensive animal husbandry, which required litdad, thus provided farmer's sons an
opportunity to start a business (Crijns, 1998).

Traditionally, farmers were hesitant towards batirg money, because
financial dependence might threaten farm survivatonomic conditions worsened.
Farmers only invested money, which they had preshosaved (Crijns, 1998). Young
farmers, who had learned book-keeping and entreprship skills, were less hesitant
about investing with borrowed money. Other farmetitglly labelled these
specialized pig farmer 'gamblers’ and ‘daredeMi'meer, 1993). In the late 1960s,
mainstream attitudes and perceptions changed, le@weecause specialized pig
farmers achieved good economic results. Posititereal conditions, such as the
European Union’s Common Agricultural Policy, goyaental support measures, and
cheap food imports, also stimulated changes ingpgians.

In the 1970s, other farmers also began to shifhfnoixed farming to
specialized pig farming. Farmers' sons, who hadipusly left farming for lack of
opportunities, returned and bought small plotsaafl, on which they constructed pig
husbandry systems. Feed companies and meat progésdustries also moved into
the business (see section 3.4), introducing 'confeaming’ as new organizational
form, i.e. hiring farmers to fatten pigs for thefis reduced financial risks, but
implied that farmers lost their independence archbe salaried employees (Crijns,
1998). While farming used to be steeped in tradjtiwith farmers priding themselves
for having a special vocation or mission, it was@asingly seen as a normal job. The
moral pressure to keep the farm in the family aaskpt on to their children
weakened (Schnabel, 2001). Also policy instrumesush as the Buy Out Fund
(1963), suggested to farmers that it was not shainefell their business.

The concrete enactment of the bio-industry tramsithus involved
hesitations, doubts, debates, attitude and peoseplianges, and new roles for
different actors.

3.4. Functionalism: Interacting sub-systems and cha analysis

General paradigm

The functionalist paradigm assumes that sociakgysthave certain 'needs' or
‘functional requisites'. The role of human acter®ifulfill these needs, remove
tensions and ensure system integration. Parsoustigal-functionalism is a prime
example. Parsons theory has been criticized faelé®logical connotations, its focus
on consensus and stability rather than conflict@rahge, and its 'over-socialized
view' of actors, who have little choice but to &l norms and act out functions.
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Functionalism also emphasizes the integration b§gstems?> When internal
sub-system developments lead to strains, actostoemeate harmony at the systems
level. In rural sociology, this paradigm underlibe food Commodity System
Analysis (Friedland, 1984) and food supply chaialgsis (Marsdert al, 2000).

These approaches analyze entire food systems arattbrs involved. Transitions
arise from tensions, caused by sub-system develaisirend subsequent efforts to
create new relations that overcome the tensions.

Explaining the bio-industry transition

Some important sub-systems and actors in the gainavere food suppliers,
slaughterhouses, supermarkets, and consumers (Iable

* Feed and trading companies, which farmers creiatéue late 19th century to
improve their bargaining positioning in the impoftcattle feed and fertilizer, became
crucial actors in the bio-industry transition. let1920s and 1930s, the trading
companies became involved in fr@ductionof animal feed (Veldmaat al, 1999).
This business exploded in the 1960s and 1970 (€iguras farmers shifted to
specialized bio-industry. In 1977, feed sale€eBeCo-Handelsraadhe largest
animal feed company, were about 1.2 billion guid@ccounting for 55% of total
sales (Veldmaet al, 1999: 194)°
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Figure 7: Turnover from CeBeCo-Handelsraad (in thaod guilders) of animal
fodder (upper line), fertilizer (dotted middle I)n@nd seeds, legumes and potatoes
(bottom line) (Veldman et al., 1999: 94)

> For society as a whole, Parsons distinguishedancic subsystem (adaptation), a
political subsystem (goal-orientation), a sociddststem (integration), and a cultural
subsystem (latency).

%n the post-war period, trading companies also mamto other commercial areas such as

stable construction, the import of agricultural maes and the provision of services such as
maintenance, repair and technical support (Veldetah, 1999).
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To create stability and guaranteed markets forffgeg, which formed their biggest
market, trading companies moved into pig farmimgthle mid-1960sCeBeCaoand

feed companydendrixcreated their own pig farms and engaged in contaagting
(Schonwetter, 1999). These contract-farms, whictewseapported by big
agribusiness, were much larger than other farmsanhdew benchmarks in the
process of scale increase. Some of the trading aoi@p also moved into slaughtering
and meat processinGeBeCofor instance, joined thieat Cooperativen 1964,

which later merged with thBaveco-Wellinggrouto form Coveco Covecooperated
seven large slaughterhouses and several meat \&teskesand conquered almost 15%
of the market (Veldmaat al, 1999). Trading companies thus transformed iatgd
agricultural conglomerates that used forward arakward integration to create the
predictability and control that were necessaryiridustrial-scale operations.

* Slaughterhouses and meat processing companiesedrasimilar process of scale
increase and (backward) integration into pig fagnifollowing the Meat Inspection
Law (1922), which specified strict hygiene standat slaughtering, many local
butchers left slaughtering and moved into retailidgnce, the number of professional
slaughterhouses increased rapidly in the 19205¢®&wbtter, 1999). Home
slaughtering, which was still widespread, was exechfrom the law.
Slaughterhouses gradually diversified into reldisahches, using animal fat,
especially from pigs, for the production of margarisoap, fats and oil. They also
moved into meat processing, producing sausages,pité, hams, bacon, and canned
meat. The required investments in machines andibgs formed incentives for
mergers and takeovers in the 1940s (Koolmees, 198&)meat processing industry
further expanded in the 1950s and 1960s becausteraiflating influences from new
retail forms, such as self-service grocery shopksaipermarkets, which offered an
increasing variety of processed meat products pagjries, pies, canned and pre-
cooked sausages. Multi-national firms, suck/agever, moved into meat processing
in the late 1950s and signed contracts with pigcaitle farmers to ensure a reliable
supply of meat (Schénwetter, 1999). To ensure bigdlity, the new Meat Inspection
Law (1957) issued tighter hygiene regulations (Kosks, 1991). Exemptions for
home slaughtering were also withdrawn, leading itapéd decline of this private
circuit (Table 7).

1955 1960 1965 1970

Cows 7.357 5.273 5.454 4.292

Pigs 250.769 | 150.737] 84.860 37.793

Table 7: Number of yearly home slaughtering (Adtioal Economic Research
Institute, 1972: 92)

The EU Directive on Fresh Meat (1965), which furtiightened hygiene regulations,
required slaughterhouses to modernize. They cremedlisassembly lines, new
machines for heavy cutting, new floors and buildimgth better cleaning facilities,
and new facilities for deep-freezing (Koolmees, IPMvestments and scale
increases led to a new wave of mergers and takeoversecure more stability and
control over the supply of animals, slaughterhoasesmeat processing factories
moved into pig farming. They set up their own @gnis (e.g. Homburg in 1963) and
used contract farming (Schonwetter, 1999). Thikwacd integration also enabled
them to avoid the price fluctuations that charazeésl livestock markets ('pig cycles’).
Slaughterhouses also demanded that the pigs, wi@ch supplied, remained within
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narrow margins of particular sizes, shapes, and/fateatios. The slaughtering
machines were designed for particular specificati@aughterhouses and meat-
processing factories thus contributed to the stalzition of feeding and breeding
practices, which ensured uniform weight and homegas quality of pigs
(Koolmees, 1991).

* Shifts in retailing, particularly the rise of seynarkets, influenced pig farming by
specifying certain demands to slaughterhouses aad processing factories.
Supermarkets, which formed a commercial innovatioecreased from 1 in 1954 to 50
in 1961 to 700 in 1967. As they grew in size anchbar, they created stiff
competition for small foodstuff shops, which desegfrom 24.000 in 1960 to
11.538 in 1980 (Montijn, 1991). Supermarkets bldriee boundaries between
branches, which were previously separated. Prelyiotle Law on Business
Licensing Conditions (1939) specified that grocgigres could operate in a
maximum of three product branches and that speeréficates were needed for fresh
products (meat, milk, fruit, vegetables). Thiseffect, protected small bakeries,
butchers, and greengrocers. The Law was relax@854 and 1961, allowing
supermarkets to combined dry products and foodsftd grocery stores with fresh
products from regular markets (hence the term ‘supgket’). Meat was one of the
fresh products that supermarkets moved in to, dangethat required major
investments in cooling technologies, supply chaimg distribution centres (Sluijter,
2007). This enabled supermarkets to supply fresit theoughout the year, thus
breaking the traditional seasonal cycle in pig fagnTo ensure this steady supply,
supermarkets signed contracts with slaughterhcarsgsneat processing factories,
who, in turn, integrated backwards into pig farmimge entire pork chain thus
became increasingly integrated.

* On the user side, a striking change was the dogldf pork consumption between
1950 and 1980 (Figure 2). This increase was rekateclining relative meat prices
and increasing wages (Figure 4). While the relativare of meat in food expenditures
increased, the share of food in total family expemds went down, from about 50%
in 1949 to 22% in 1979 (Figure 8).
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Figure 8: Relative share (%) of food within famgiypenditures, and share of meat
(%) within food expenditures (Scholliers, 1993: 135

Another change was a shift in consumer preferermea fat meat (bacon, lard) to lean

meat (pork chops, hams). Especially factory worked farmers, who did hard
physical labour, traditionally appreciated fat mieatause of its high energy content
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(Jobse-Van Putten, 1995). After the war, the nunalbeffice jobs increased and the
daily caloric needs diminished. The emergence of Ineauty norms, which placed
more emphasis on being slim and slender, alsoanfiad the changing user
preferences.

Another change was from preserved meat to fresit.rirethe early 20
century, many animals were slaughtered at homepessrved through curing,
salting, vacuum preservation in glass bottles. mywinter and early spring, many
people relied on this preserved meat. In the pa@stperiod, refrigerators rapidly
diffused, from 2% of households in 1947 to 40% %4 and 86% in 1985 (Van
Otterloo, 1990: 175). Refrigerators facilitatechiftsowards year-round fresh meat.
The traditional seasonal dependence was brokeaube®f the creation of a
complete 'cold chain' of deep freezers and refaiges (from slaughterhouse to
supermarket to consumer). The diffusion of theigefiator also influenced shopping
patterns and the rise of supermarkets. It becarssilde to buy food products once a
week and preserve fresh products in refrigeratofeeezers (Montijn, 1991).

The place of meat within the meal also changed.pFbevar preservation
methods were imperfect, and the quality of meatrdmtated gradually. This
deterioration was hidden by serving meat in onegpshes (e.g. stews, hotchpotch),
where other ingredient could improve the flavowbge-Van Putten, 1995). For
working class families, these one-pan dishes wieee@mmon, because fire or coal-
heated stoves were difficult to regulate. Betwe@d0land 1940, a gradual transition
occurred from these one-pan dishes, where meatalidave a separate place in the
meal, towards the 'standard Dutch meal’, consistiriggo bread meals and one hot
meal in the evening (Scholliers, 1993). This hoahwensisted of three separate
dishes: potatoes, vegetables and meat, which wasdsenost (Van Otterloo, 1990).
These changing food practices prepared the graamithé post-war expansion of
meat consumption.

* In sum, the importance of other sub-systems lessidrming increased during the
bio-industry transition. In 1950, primary pig famgiearned about 60% of total
income in the pork chain (Douw, 1990: 50). In 1980mers earned 19%,
commercial food manufacturers 18%, meat proce89s trade, transport and
services 27%, and other non-agricultural compariégTermeer, 1993: 54). As food
chains expanded, pig farming was increasingly us@eto dynamics in other sub-
systems.

3.5. Structuralism: Cultural traditions, ideology, and discourse

General paradigm

The structuralist paradigm perceives actors as dddzkin cultural ‘deep structures’,
e.g. ideology, traditions, symbolic sets. Strudtarahropologists (e.g. Lévi-Strauss)
used this paradigm to interpret foreign tribesldédaphers of technology (e.g.
Heidegger, Ellul, Habermas) applied this kind cdlgsis to western societies,
analyzing cultural assumptions that provide posittentexts for industrialization and
modern technology. Their 'massive’ view of cultuvljch operates 'behind the backs'
of actors, leaves little room for agency and chaRgeent cultural sociology focuses
more on dynamics interactions between actors alidreuln their struggles over
legitimacy, actors use cultural symbols and repe$an a more strategic way
(Swidler, 1986). With regard to transitions, sturatist scholars highlight the
importance of changing traditions, cultural framargl ideology.
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Explaining the bio-industry transition

Agricultural literature in this tradition situataspects of the bio-industry transitions in
broader and longer-term contexts.

a) Socio-political culture of the 1950s and 196Dise post-war decades had several
characteristics that enabled policy makers, ex@grtsNFAS to influence the bio-
industry transition. One characteristic was techaoyg, the belief that science and
technology formed the rational basis for the imgment of society. This belief
explains why engineers, economists and sociologigaérts had so much influence.
Agricultural policy relied strongly on the econonainalyses and models provided by
AERI, which functioned as agricultural planning éaw (Van der Ploeg, 2001). Rural
sociologists influenced policy-making by providiagltural categories that
legitimized modernization. Actors who opposed theppsed modernization process
or had different views, were labelled 'backwatthditional' and 'non-rational’,
requiring them to be 'educated' through a dynarnitural offensive’ that aimed at
changing their mentality (Karel, 2005).

Actors also shared the belief that the state shplalglan important role in
restructuring society. A discourse of rational plaxg and modernization
accompanied the rapid expansion of the state ajsafjgolicy makers, extension
services, public research). Agricultural policy raekand experts saw America as
guiding nation, because of its advanced positicagimcultural modernization,
mechanization and large-scale production. This @&@nand the new discourse help
explain why policy makers changed their interpietabf small farms (section 3.3).

The 1950s and 1960s were also characterized Hicpabpect for authorities,
providing them with a societal mandate to guidertaton. such as politicians,
mayors, and schoolteachers. This trust in polickerg academic experts, and
representatives from farmers associations explaimsprotests against agricultural
modernization were relatively mild. It also expkihy extension, education and
information activities were often used as policstioments.

b) Beliefs about the societal significance of farsnBefore the war, farmers were
perceived as moral backbone of society, invaluabbehealthy society. They were
presumed to have specific rural virtues such aslatbent to the land, solidarity,
indifference to the whims of urban culture, comnsense, hard work, and thrift (De
Haan, 1993). This ideology explains why small famese supported when they
faced difficulties.

These cultural beliefs changed after the SeconddMN@ar, when agriculture
came to be seen as a normal economic sector thaldstontribute to the economy at
large (De Haan, 1993). These changes were paldiedeto broad political changes
such as the prominence of Social Democrats in wastoalition Cabinets (until
1959). The social democrats adopted a moderatedydi ideology: they assisted
entrepreneurs if their business was viable; othewthey should disappear (Nooij,
1993). The ideology about the moral importanceaofiers was replaced with new
ideals centred around rational, entrepreneuriahéas.

"Several cultural myths were pressed into servidhé early 1960s to establish and

defend agricultural policy. (...) This vision playdown the role of the family and

elevated the person of the farm operator to thel lefva rational entrepreneur. Thus
arose the spectre of an autonomous, self-empl@retef, detached from family
influences and sentiments, motivated by profit mazation and an industrial

lifestyle" (De Haan, 1993: 155).

This new ideology provided cultural legitimizati@r policy measures that
stimulated the bio-industry transition. These aatehanges, to which rural
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sociologists contributed, also explain why smaihfars and deep-rooted agricultural
values came to be seen as problematic in the 18%04960s.

c) Food cultureldeas about cooking and meals changed over antkyere
influenced by an intermediate field:

"In the 1920-1960 period, the food chain was emdcWvith new actor groups and

organizations, striving at advancing and modergizating and living. Educational

organizations and advice institutions began to slaew intermediate fieldetween
production and consumption, focused at attuning batls of the chain. (...) During
this period optimistic ideals to improve theality of food, cooking, housing and
living were shared by industrial food companiesaland national government
authorities, new educational institutions and gsoapscientists. Cookery
schoolteachers and other women's organizationsdtance, were active in diffusing

'modern, rational' knowledge on food quality, clecémd preparation. The American

dream of the good life shimmered already in théopsrbetween the wars{Van

Otterloo, 2005: 262-263).

Domestic science schools, for instance, which pezbgirls for a later 'career’ as
housewife, taught them how to cook tasty, nutrgionweals with little money. In the
late 1930s, about seventy thousand girls betweageeh and fifteen years old
attended these schools (Montijn, 1991: 123). Vatwesh as sobriety, hygiene,
thriftiness, and convenience thus became parteobilitch food culture.

In the 1930s and 1940s, intermediate field actls® eonveyed the idea that
the meal was a crucial meeting place for the faif8igholliers, 1993). In the middle-
class ideology, which experienced its heyday betvi&®20 and 1970, women could
achieve status and appreciation as 'kitchen princés food and meals became
expressions of care and nurturing, the interesbokbooks, magazine recipes, and
culinary advertisements grew (Montijn, 1991). Thesekbooks emphasized the
preparation of separate dishes, paying specialtaiteto meat (Segers, 2005).
Cookbooks and women's magazines thus reinforceduthgral significance of meat,
even before most families could buy it on a dadgib (Scholliers, 1993).

Although recipes and cookbooks highlighted incedasophistication of
meals, other values such as low cost, nutritionhle; and convenience, remained at
least as important. The Netherlands is charactbyean instrumental food culture,
which values low prices more than high quality (lEa®).

Instrumental: eat to live Quality: live to eat Joy: Mediterranean kitchen

North-West Europe (Britain,| Central Europe (France, | Southern Europe (Portugal,

Netherlands, Ireland, North-| Germany, Denmark, South-Spain, Italy, Greece)

Belgium) Belgium, Luxembourg)

Price-sensitive Quality-sensitive Pleasure motive

Quality less important Price less important Fresidpcts

Food is necessary, not Food is social event Food is social event

pleasure

Many processed foods Both processed and Mainly unprocessed foodstuffs
unprocessed foodstuffs

Fast and convenient Traditional Very traditional

Table 8: Different (European) food cultures (Job&ea: Putten, 1995: 529)

This low-cost focus of Dutch food culture providesadditional explanation for the
mass production adopted by Dutch pig farmers. Algoflexible specialization was
an alternative, the low-cost bulk strategy was nioidee with Dutch food culture,
and therefore more likely than the high qualitythapst strategy.

65



4. Analysis and conclusions

Foundational paradigms thus provide different exalens of the bio-industry
transition, highlighting different processes andcchamisms. Each explanation is
internally consistent with its foundational assuimips$. Hence, there is nohebest
explanation. Nevertheless, single-paradigm expiansiare limited and
reductionistic, emphasizing some causal mechanasiie expense of others. For
more encompassing explanations, multi-paradigmyaisais promising (Gioia and
Pitre, 1990; Lewis and Grimes, 1999). But differexplanations cannot simply be
added up, because of major differences in ontodgissumptions. Although
complete integration is not possible, the analgsisw identifies crossovers and
complementarities between different paradigms dkasestrengths and weaknesses.

Rational choice

The strength of the rational choice explanatiathésidentification of economic
benefits that front-runners in the bio-industryngiion experienced. The analysis of
factor costs, prices, investments and incomesiftetmportant micro-motivations
for farmers. Weaknesses are related to some afrttudogical assumptions. One
assumption is that farmers are rational entrepmsngbo make cost-benefit
calculations. As the interpretive paradigm showkig, rationality did not
automatically exist, but was actively created. Bgten agencies, representatives from
farmer associations and agricultural schools e@wlctstrmers to become rational
agents, teaching them new methods and tools sushok&eeping and accounting.
Also through projects and home visits, they triegtanging farmers' attitudes about
entrepreneurship, borrowing money, etc. The inednpe paradigm thus complements
rational choice, making the assumption of ratidgafito an analytical topic.

Teaching farmers to become rational agents weakieeidfluence of macro-
actors (such as NFA's and Ministry of Agricultunehich was strong in the 1950s
and 1960s as farmers respected and trusted theem Y&hmers developed into
rational entrepreneurs, they became less compbaop-down plans and more self-
interested. Farmers' opportunistic reaction tdabeholes in manure Interim Law
(1984) is an example. This eroding influence frastlective actors indicates a
negative complementarity between rational choickoilitical economy
explanations.

Rational choice also assumes the free availalfilpformation. But the
institutional analysis (section 3.2) showed thatc¢bllection, creation and
dissemination of relevant information dependedhendctive creation of dedicated
organizations (e.g. the Agricultural Economics Recle Institute), radio bulletins,
and trade journals. Information availability thuepended on an underlying
organizational network.

While the rational choice paradigm assumes thatnal agents adopt the best
available technology, it does not explain émergencef new technology. Technical
change remains an exogenous variable or is asstmaide from science (linear
model of innovation).

Power (political economy)

The strength of the power and political economyagdeym is that it analyses the
formal institutions and incentive structures thrattie the agricultural economy. By
highlighting the choices, struggles and negotiatiamongst powerful macro-actors, it
shows that agricultural modernization was not @iyiarket-driven process.
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Regulations, subsidies, and structural adjustmesgrams influenced both
production factors and market selection processes.

A weakness is that political economy is a strudtapproach that downplays
agency. More precisely, it highlights the agencyalfective macro-actors, but
ignores local farmers, who are assumed to be obkgdeacting only to directives and
plans from above. It shares this relative neglétammers' agency with the rational
choice paradigm, which perceives farmers as regciity to prices. The interpretive
paradigm provides a rival explanation that delvesper into farmer's practices and
local agency. On the other hand, Dutch farmezeerelatively docile in the 1950s
and 1960s, trusting and following collective maarters. Because this faith was
related to broader political-cultural developmeéghnocracy, ideology of strong
state influence, modernization discourse), theoomplementarity between the
political economy and structuralist paradigm.

A second weakness is that the political economggigm says little about the
specificcontentof the bio-industry transition. It analyzes thedmt process of
agricultural modernization, not the specific dynesndf pig farming. It shares this
neglect with the rational choice paradigm. Bothaplagms explain the speed of
change, but say little about its precise contedtfarm. This is related to the
conceptualisation of technological change, whichath cases is close to the linear
model. New technology arises from R&D and subsetjydisseminates via the
market or extension services, which act as interangdo farmers (the ERE-triptych).
This one-way flow model fails to see the ‘returmafl with farmers articulating their
experiences and the kinds of problems they facer{m®ducer interactions).

Third, rational choice and political economy bb#ve a productionist bias,
emphasizing factors that influence the productide,dut neglecting households,
consumers and cultural aspects. The reason idditiafparadigms acknowledge the
centrality of the market. The difference is thalitpzal economy argues that markets
are framed by formal regulations, incentives, pleties Both paradigms thus
complement each other.

Fourth, the political economy paradigm focuseshenimplementation of the
modernization vision through different instrumeaisl incentives, but leaves the
origins of this vision under-addressed. The interpretiveagigm provides a
complementary analysis, showing that the new visimerged from a change in
discourse and problem framing (especially of sraaihs).

Interpretivism

The strength of the interpretive analysis is théarmining of linear explanations that
emphasize the automatic character of the transiMith regard to collective macro-
actors, the interpretive analysis showed that @rokdefinitions of small farms and
perceived solutions changed between 1945 and 19%is situates the roots of the
transition earlier than the other two paradigms iftterpretive analysis also showed
that the new modernization vision was initially tested by farmer's association.
Consensus in the corporatist coalition did notteaigomatically, but was actively
constructed. Some actors proposed alternative mzdgion visions, e.g. high-priced
specialty production and intensification (do moighwsmall plots). This alternative,
which would have protected small farms, might haweeked if other instruments had
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been chosen to stimulate the emergence of flekibievation networks’ Instead,
powerful macro-actors chose to support the massugtemn pathway. This particular
modernization path had no intrinsic necessity,d@meérged from choices by powerful
actors (Van der Ploeg, 2001).

With regard to local farm practices, the interm@tinalysis showed that the
transition towards bio-industry occurred as stepvpicess with hesitations, doubts,
struggles, debates, learning processes, and cltppgineptions. Sequences of
experimental and demonstration projects playedspea@ally important role in this
process, enabling learning trajectories that assisical transformation processes and
the creation of community-based innovation netwoklearning processes not only
addressed technical practices, but also mentaldés, entrepreneurship and
accounting skills. This paradigm also highlights thteractive dimension of
technological change, with farmers talking backxtension services and researchers.
Local transformations thus appear as multi-actocgsses with technical, cultural and
social dimensions.

Interpretive explanations complement the politmanomy analysis. On the
one hand, broad general visions, as emphasisée iatter, provide general
directions for learning processes. On the othedheoncrete implementation
proceeds through local enactment and projectdrifialve interpretations,
adjustments and negotiations of specific detai® @nactment of a new vision
inevitably involves learning processes to acquee noutines and practices.

A weakness of the interpretive paradigm is thghies little attention to
broader institutional structures and economic pses. The analysis assumes much
freedom of local agency, suggesting that 'thingddcbave been different’. Other
paradigms provide useful antidotes here. The ratiomoice analysis showed that
declining prices and incomes formed powerful inoess for change in certain
directions. In principle, flexible specializatioras/an alternative to mass production.
But the modernization vision was more powerful lseait linked up with broader
political and cultural trends (e.g. changing viemsthe moral significance of small
farmers, the Dutch food culture that emphasizeddosgts instead of high quality). In
this broader context, the mass production pathmae likely than the alternative.
Political economy, rational choice and structutgdsradigms thus provide useful
antidotes against assumptions of too much ‘fre@gin local interpretivist
explanations.

Functionalism (systems analysis)

The strength of functional analysis is that it widehe scope of analysis beyond the
farm gate, and incorporates dynamics in other ysbems. The case study supports
the assessment that food systems in tiece@tury experienced three generic
processes: lengthening, differentiation and condgnsf chains (Van Otterloo, 2005.
The pork chain ‘lengthened’ because the numbanks land geographical distances
increased; both the import of pig feed and the exgiogpork became more
international. The system ‘differentiated’ becatlsenetworks within the sub-
systems became more complex (e.g. pig farmingréifiteated in breeding and
fattening, slaughterhouses specialized in diffeagmtnals, meat processing factories
specialized in different products). The system asadensed’ because different sub-

7 Alternative instruments, such as direct subsidiese in fact proposed by contemporaries
such as a study committee of the Agricultural Baarti957, and the influential Social-
Economic Council in 1959 (De Groot and Bauwens01999).
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systems were increasingly aligned, both througvéod and backward integration
and the emergence of new groupsggrmediate fielflwho aimed at attuning
production and consumption.

A weakness is that the analysis of linkages aretactions between the sub-
systems focuses predominantly on material flowsesmmhomic interests, giving less
attention to changing interpretations and powerggfies. More attention could also
be given to the role of intermediary actors in sybtem linkages (in analogy with the
intermediate field analysis).

Structuralism (cultural discourse)

The strength of structuralist and cultural analysebkat they provide a macro-view,
which situates the bio-industry transition in breadontexts. It does not provide
integral explanations, however, but complementdasmgtions in other paradigms. It
complements the political economy explanation bglysing the broader political
culture which enhanced the influence of authoritiethe 1950s and 1960s. The
analysis of Dutch food cultures and changing idgssut the societal significance of
farmers helps explain the choice for a strateggwtfcost, large-scale modernization
instead of high-quality flexible specialization.i§ltomplements the rational choice
and interpretive explanations. The structuralisaggm complements the functional
analysis with regard to consumption and user peefss. While the functional
analysis demonstratedat consumption practices changed, the structuralistyais
also explainsvhyuser preferences changed and were embedded wtdong
processes (the role of intermediate field actodsdiscourses about middle class
ideology, changing roles of the meal in family lifgowing importance of meat as
separate dish).

The danger is that structuralist explanations ajgebehind the backs' of actors, pay
little attention to agency and tend towards cultdeterminism. This problem is
alleviated when structuralist explanations are demgnted with other types of
explanations. Cultural deep structures then fomardgext on which actors can draw,
e.g. to provide legitimacy for political programssroake certain interpretations more
or less plausible.

The conclusion is that paradigmatic explanatioesnat completely
incommensurable. Specific crossovers and complearigas do exist and point to
richer explanations. This kind of multi-paradigmabfysis is important for
sociotechnical transitions, which involve many typé actors and processes. In
principle, all social groups can be analysed fracheontology. It is perfectly possible
to make a structuralist discourse analysis of lerbr supermarkets, or a rational
choice analysis of consumers. The literature, h@neloes not make such a
symmetric analysis. Agricultural and food histoepd to link particular ontologies to
certain groups, e.g. rational choice to farmersygrao policy makers and farmer's
associations (see Table 9). This explains asymesetnithe bio-industry explanations
in section 3.

Farmers | Policy | Farmer's Consumers| Suppliers| Butchers,
makers | associations supermarkets
Rational X
choice
Power X X
Interpretivism | X X X
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Functionalism | X X X X

Structuralism | X X X

Table 9: Main linkages between social groups an@gms in the present literature
on the bio-industry transition

The explanations were also asymmetric in a tem@aade, i.e. the period they
considered to be crucial. Structuralism and intipism both highlight early periods:
changes in interpretations and ideologies in tH#0%9sometimes with roots into the
first half of the 28 century. The power paradigm highlights the latsQ9and early
1960s (new vision and subsequent implementatiamctionalism highlights the
1960s (with forward and backward integration inig farming). And the rational
choice paradigm places the main changes in thel®&@s and further. This suggests
that the relative importance of paradigms may wamr time. Economic sociologists
further suggest that rational choice and calcutaice a special case that is possible
when previous articulation processes have prodstaie (‘cold’) cognitive frames
and predictable contexts.

How does multi-paradigm analysis relate to the mieltel perspective on
transitions (Geels, 2002)? In a previous articleels and Schot (2007) used Poole
and Van de Ven'’s distinction between local and glabodels, which should
complement each other in developmental theorieschdeacterized the MLP as a
global model that maps the entire transition process. aitisle exploredocal
models of transitions, dealing with different copitens of agency and causal
mechanisms. The next step is a stronger theoratiegration of local models in the
global MLP. As indicated, we perceive a combinatdevolutionary economics,
interpretivism (especially in the form of structtioa theory) and neo-institutional
theory as promising (Geels and Schot, 2007). Thieateslaboration of this
combination is a topic for future work.
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4. Anchorage of Innovations: Assessing Dutch effatto use the
greenhouse effect as an energy source

Boelie Elzen, Cees Leeuwis, and Barbara van Mierlo

Abstract

To analyse and understand transitions and systeavations various scholars use the
so-called ‘multi-level perspective’ (MLP). The twey levels in the MLP are the
‘socio-technical regime’ (an existing system) atathnological niches’ (a breeding
ground for alternatives to the system). The intiioas between niche and regime,
however, are not well understood. We need whatls(8Q@07) calls a ‘theory of
linking’. Building on Loeber (2003) we use the ceptof ‘anchorage’ to analyse this
interaction. Our case study concerns the Dutclsgtasse horticulture sector which is
responsible for 10% of the country’s natural gassconption. Various developments
resulted in internal as well as external presstardsing this down. This has led to a
variety of ‘alternative energy approaches’ for fleetor, some internal, some seeking
to create new links with other sectors which makescase very suited to study
processes of anchorage. We conclude that the cbotapchorage provides a useful
tool to study the interaction between niche andmegnd the crooked pathways of
‘innovation in the making'. It appears that what &l ‘hybrid actors’ and ‘hybrid
forums’ play a crucial role in bringing about formsanchorage. Furthermore, we
show that within an ongoing process it is diffiddtdistinguish between
developments leading to ‘incremental’ innovatiow &mose having a potential of
contributing to ‘radical’ or system innovation.

Keywords: System innovation, Anchorage, Glasshouse horticeilEnergy
transition, CQ reduction

1. Introduction

The ‘multi-level perspective’ (MLP) has become aportant analytical tool for
understanding processes of transition and systeovation (e.g. Geels, 2002 and
2005; Berkhout et al., 2004, Geels and Schot, 200 perspective suggests that
radical innovation emerges from complex interactibetween processes occurring at
three levels: socio-technical regimes (the mesel)etechnological niches (the
micro-level) and socio-technical landscapes (theroevel). This perspective has
been used effectively by innovation scholars tdyeeahistorical processes of radical
change. Given the time frame considered, such iggiecrs and analyses necessarily
abstract from the messy dynamics that occur wlnith between projects and
networks of actors that are involved in innovafwacesses. As a result the processes
through which practices at niche level interactwiitose at regime level and
gradually shift dynamics in the direction of systemovation are not well

understood. (Smith, 2007)

In this article we set out to increase our undediteg of such interactions by
analysing an ongoing process of change in glasghooigiculture that has recently
picked up speed and has become recognized as mplexaf ‘system innovation in
the making’. First, we point to the need of havangetter analytical framework for
looking at linkages between niche and regime dyngnaind suggest that it is useful
to think of the multi-level perspective in a lessrhrchical manner. Building on
Loeber (2003) we propose the term ‘anchorage’ wseéul analytical notion in this
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regard and distinguish between various aspects tibsequently, we identify
episodes of anchorage at the interface betwee @aicti regime in the case-study
which centres around efforts to transform glassadwsticulture into an energy
supplying sector instead of a major energy consumer

We conclude that our perspective on anchoragesy/iakeaningful insights in
the interaction between niche and regime and tpaataus pathways of ongoing
system innovations. Our analysis of the case-sshdyvs that what we call *hybrid
actors’ and ‘hybrid forums’ play a crucial rolebninging about forms of anchorage.
Moreover, we demonstrate that within an ongoingess it is difficult to distinguish
between developments leading to ‘incremental’ iratimn and those having a
potential of contributing to ‘radical’ or systemniovation, which has sobering
implications for those aiming to support transiteord system innovation processes.

2. Enriching the multi-level perspective on systermnovation

2.1. The System Innovation challenge

Modern societies face structural problems in sés&etors. Animal farming, for
instance, suffers from manure problems, ammoniggomns and diseases like BSE
and Foot & Mouth Disease. In the energy sectorethee problems related to oil
dependency, reliability, and G@nd NQ emissions. The transport system suffers
from problems like congestion, air pollution (padiates, NQ), energy use and GO
emissions. These problems are deeply rooted ie&batructures and activities.

In the past two decades much effort has put inisglsuch problems with product
innovations. Cleaner products and environmentdinelogies have been developed
and end-of-pipe solutions have been introduced.efiomes these product innovations
have led to substantial improvements in environaiegfficiency (e.g. automobile
catalysts which greatly reduced tailpipe-emissioingollutants). The focus of these
efforts was on the technological artefact.

According to a Dutch study substantial improvememesnvironmental
efficiency (factor 2 as a general average) mallstipossible with incremental
innovation. (Weterings et al, 1997) But larger juamp environmental efficiency
(possibly a factor 10) may be possible with systemovations. The promise of
transitions to sustainability via system innovasias schematically represented in
Figure 1. Such system innovations not only invaleg technologies, but also new
markets, user practices, regulation, infrastrustared cultural meanings.
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environmental efficiency

Function innovation
Factor 10— = new system

Factor 5— Partial system redesign
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Figure 1. System optimisation versus system infmvéiVeterings et al, 1997)

Because of its sustainability promise there isaasing interest from policy makers,
NGO'’s and large firms in transitions and systenowvations (see e.g. American
National Research Council, 1999; VROM, 2001; Rasiial 2002). Also the
academic interest in system innovations and devejogirategies to induce them
within a sustainability framework has grown rapidler the past few years. A
variety of scholars is working on these issues tviias lead to a growing body of
edited volumes, journal articles and Books. (e@nikans, 2003; Elzen et al., 2004
and 2005; Olsthoorn and Wieczorek, 2006; Loorba6by; Loorbach et al., 2007)

2.2 The multi-level perspective for understanding stem Innovation

To analyse and understand transitions and systeavations various scholars use the

so-called ‘multi-level perspective’ (MLP). This ggective distinguishes three levels

(Kemp, 1994; Schot, Hoogma and Elzen, 1994; KenmpaRd Schot, 2001; Geels,

2005):

1. The meso level of ‘socio-technical regimes’ (S-ginees) which denotes an
existing socio-technical system that is embeddesbaiety and links together a
wide variety of societal actors (e.g. companiesliptauthorities,
users/consumers). Regimes change continuousihewhiange, technical as well
as societal or behavioural, is of an incrementainea building further upon an
existing socio-technical configuration.

2. The micro-level of ‘technological niches’. This d¢es protected spaces in which
radical innovations are developed. Niches are itapbias a learning space on
issues like technology, user-preferences and {pes;tregulation, etc.

3. The macro-level of ‘socio-technical landscape’.sTtenotes the ‘external
environment’ and consists of factors that not @affect the regime under analysis
but a variety of other regimes as well.

The relation between the three concepts can bastode as a nested hierarchy,

which implies that regimes are embedded within $aages and niches within

regimes. (Figure 2) The linkages between the elésmarexisting socio-technical

regimes provide them with stability, and make rtdhir niche developments to be
taken up within the regime. However, under spedcificumstances, e.g. landscape
pressures that make a regime loose its coherdmese hovelties may link up to the
regime and become a (small) part of it, e.qg. ifiode of market niches. From there
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the share of these novelties may start to growgaadually transform the regime, a
process that may include the development of nekastuctures, new institutions and
rules, etc. The end result over several decadesmaysystem innovation.

structuratior Landscape )/ N
of activities
in local practice

Niches
(novelty)

2.3. Towards a theory of linking

The multi-level perspective has been convincinglgdito describe, reconstruct and
analyse historical processes of system innovaiog. Geels, 2002, 2006). Moreover,
it has inspired practitioners to initiate and workniche experiments. The challenge
for them is to develop novelties and learn on hlogytcan be made to work in
practice by involving ‘real life’ stakeholders ifgi and demonstration projects. How
to do this systematically is elaborated by the apghn of ‘Strategic Niche
Management’ (SNM). (Kemp et al., 1998, Hoogma gt24l02, 2005, Van Mierlo
2002) In historical studies, details of the intéi@t between niche and regime
dynamics remain under-exposed due to the longhionzon under consideration,
whilst in practical experiments the interactiontwiihe regime is an everyday reality,
which however is not usually analysed and theoriSadith hit the nail right on the
head when he wrote in a recent publication (200431:

“... the precise relations between niche and regititlerequires further analytical
attention. Niche practices link up with regimes ensiress, resolve bottlenecks and
lead to reconfigurations. ... However, linkage is enstibod in the literature to be
‘haphazard and coincidental’. [references to G&€62: p. 29; Schot, 1998] We still
do not have a theory of ‘linking’.”

Smith himself made an attempt at filling this thetaral void. One of his starting
points is that he sees linking as a two-way inftismprocess. MLP studies typically
focus on how a niche influences a system (not bptiociple but because of
analytical choice). Smith stresses that the inib@eof regime on a niche is equally
important to understand linking. Bos and Grin agess the importance of analysing
how “the regime talks back”. (2008, p. 484) Smithues further and demonstrates
that linking rarely means that elements from a @iate simply adopted but that some
form of translation takes place to make this pdesidis main argument is that “a
focus upon théranslation of socio-technical practidestween niche and regime will
further help theory development. In addition tonitiiying opportunities for niche-
regime connections, we need to understand the ctinggrocesses how these
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reconfigure developments in niche and regime.” (Br2007, p. 431; emphasis in
original)

Thus, linking is an active process (involving tdatisn) and not a matter of
simply adopting elements from a niche in a regimeice versa. This may then blur
the distinction between niche and regime whichimgaications for the MLP model.
To quote Smith (2007, p.447):

“Whilst this multi-level model has heuristic value,practice niche-regime
distinctions are rarely so clear cut. Distinctisesn break down, as socio-technical
elements, but not entire alternative practicesistede from niches into regimes and
components of each appear in the other. (...) Withgetting the multi-level model,
the findings here do stress the need for closentin to relations and translations
between levels.”

We agree with Smith’s conclusions. Moreover, ire lmith Giddens’ (1984) ideas
about structuration, we suggest that, at a celeail (e.g. the niche level), influences
from other levels (e.g the regime and/or the laapgedevel) do not somehow operate
‘behind the back’ of people, but in one way oretheomust be brought into the
interaction by active human agents who represerdiye representations of) what
happens and/or is relevant in other spheres, andlate this into action. (see also
Knorr-Cetina, 1988) Thus, different levels and sphean be distinguished
analytically, but from the perspective of interagtagents it may not always be
evident whether they operate in the niche, thamegir in both. In order to do justice
to this, we propose a new representation of theilenel model that satisfies the
following demands:

* niches and regime overlap to some extent;

» landscape pressures affect niche as well as regime;

* niches, regimes and landscapes are not hierarshardered;

* leave intact the overall multilevel heuristic idea.
The result is depicted in Figure 3 which providesaliernative sketch of a multi-level
configuration, indicating how the three ‘levéfsiay influence each other in various
ways.

1% Since we present a less hierarchical versionefithdel the term ‘level’ seems less appropriate but
we continue using the term to be able to relateamrk more easily to the existing literature.
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Figure 3: Multi-level processes in system innovatio

In figure 3, the area within the drawn line représehe incumbent regime. At the
edges of the regime, several niches are indicatedeosmall ovals N- N4. They
typically have a partial overlap with the regimeg(édy using shared technical
elements or through actors that operate in themegis well as in a niche). Some
niches may have a partial overlap with each otbgy. (\ and N). A niche may also
transform into a market niche (MNMN>) meaning that it can survive as a subsection
of the regime without protection.

Various landscape factors are indicated by thedwmxa Lk — LF,;. Although
they are all hexagons they have different shapexitoate they can be varied in
nature. Landscape factors are ‘floating all arousdggested by the wave-like
shading) and may influence the regime, variousasair the linking process between
niches and regimes. Niches and the regime mayird#lsence each other as indicated
by various dashed arrows.

As is represented by multi-pointed stars €TTs), landscape influences and
developments in niches may create tensions or tyogtes (Q) in the regime.
Tensions can also emerge internally within themeg(Ts), or in niches (see the small
star in N)). From the tensions and opportunities new deve@pmstart as is indicated
by the bended arrows. The bended shape indicaethihdevelopments are not
straightforward although there is a sense of dwadlue to path dependencies, at
least in the short term. Some developments maly tipi, e.g. the developments
emerging out of Tand T in the figure.

With this figure the process of linking refers tbat happens at the area of
overlap between a niche and a regime. We see {rasra micro-level process that
initially leads to small changes that may be markess durable. Because of our
interest in system innovation we are especiallgredted in those links that are
sufficiently permanent to start off developmenaidirection different from the
existing dynamic in the regime and may eventuaédito major changes at the
macro level.
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We will use the ternanchoragé® (Loeber, 2003, Grin and Van Staveren, 2007)
to express such forms of linking. Anchorage isteglao terms like ‘institutional’ or
‘societal’ ‘embedding’ which are used in literature Strategic Niche Management
(e.g. Hoogmaet al, 2002). However, we use the term anchorage toessphat a new
link has some durability but that the link can aigobroken again. Thus, anchorage is
more vulnerable and can be seen as a kind of pge¢hat may or may not lead to
wider change.

2.4. Exploring anchorage

Before using anchorage to analyse interaction atvmche and regime dynamics in
the context of system innovation, it is helpfufitst develop some sensitising notions
on possible forms of anchorage. We will do so liyniga Geels’ (2004, pp. 902-903)
three general dimensions of innovation processass#arting point. These
dimensions are (1) socio-technical systems, (2)dwattors, organisations, societal
groups, and (3) rules and institutions. Anchoragesuggest, could take place on
either of these dimensions. By rephrasing thesed&ions somewhat we will
distinguish between three forms of anchorage, mptalbhnological anchorage,
network anchorage and institutional anchorage. &hes discussed briefly below.

We will speak otechnological anchoragehen novel technical artefacts,
concepts and practices in relation to the technolbgt are worked on in niches
become more defined and take shape for the actoos/ed. Parts, that were
separated before, may become linked to form a rfiguration. These may
subsequently become linked to other configuratemt artefacts to make up new
systems, possibly also linking up to new infradinoes.

Network anchorageneans that the technology or concept becomes tactep
(e.g. by producing it, using it or developing itther) by a wider range of actors.
Besides simple expansion of the network, thereaks® other indications of network
anchorage. These could include an increased innaae of regime players in niche
activities, a strengthening of the coalition whistsupporting the innovation process,
intensified contact and exchange among actors nitteé network involved, and/or a
formalization of the network (e.g. in terms of me$ionalization, commitments,
degree of organisation, etc.).

Institutional anchorag®f a new technology refers to a broad range df (st
vulnerable) changes relating to institutions in@ensociological sense, i.e. with
changes in the formal and informal rules and amargnts that orient human
behaviour and (inter)action. Different categoriaa$i of institutions exist. (e.g. Scott,
1995) Cognitive omterpretative institutionselate to how people make sense of
themselves and the world around them. This incluide®xample, the causal beliefs,
visions, and problem views (as related to sociblesand interests) to which they
orient their behaviour and actions. Also the idgrthat people ascribe to themselves
and others can be seen as an interpretative imstitd ranslations as mentioned by
Smith (2007, see previous section) can be seershi$t an the interpretative rules
applied to a situation. A second broad categoridesnormative institutionswhich
in our view includesegulativeinstitutions. Here we speak of the translation of
societal values into normative rules and aspirati@e. formal or informal rules about
what is desirable and what not) that can be emizeoidiaws, regulations, policies
and ethical standards. Finally, we can addnomic institutiongvhich include the

% The Dutch word ‘verankering’ (meaning anchoraga)sed in these sources. In the Netherlands, this
term is often used in writing and presentationddscribe these processes but it has not been atabor
systematically.
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rules and arrangements that govern economic aet\and transactions connected to
scarce resources. These encompass the way in ptapbrty and markets are
organised and regulated, as well as the mechamisthsfrastructures through which
exchange of goods is facilitated. Institutionallamage then means that
developments within a niche are translated into aeadapted (interpretative,
normative or economic) rules that play a roleeast temporarily, in orienting the
activities of both niche and regime actors.

The distinction between different forms of ancherage analytical and in
practice they may be difficult to disentangle. Weexct, for instance, that
technological anchorage will often be accompanieddiwork and/or institutional
anchorage. We will analyse this further on the$a$a case study on energy use in
glasshouse horticulture in the Netherlands to pieWwrther insights into the
processes of anchorage. We will thus explore wiéthe approach provides a
productive inroad towards developing the theorjirking that Smith called for.

Concerning our case study, the Dutch glasshougihiture sector is
responsible for 10% of the country’s annual natges consumption. This has led to
internal pressures (because of rising energy praeesvell as external pressures (to
conserve energy and reduce £&nissions) to bring this down. In recent years, th
has led to a variety of ‘alternative energy apphasct for the sector, some internal,
some seeking to create new links with other secidris variety in linkage attempts
makes this case very suited to study processascbbeage.

Our case description is structured in the formitiécent episodes. At the end
of each of these we will highlight the various ferof anchorage that took place,
indicate how they related to each other and hosvdffected the niche-regime
interactions. These analyses form the basis foctineluding section where we will
generalise our findings from the emirical sectiand present the contours of a theory
of linking.

The case study is based on various technical amtbedc reports from
research institutes and sector organizations. Siogee of the developments analysed
are quite recent and not yet documented we algmreinfo from websites from the
parties involved. This was supplemented with eggmi-structured interviews with
representatives from growers (LTO-Glaskracht), gebjeaders, Horticultural Product
Board, Agricultural Ministry, and academic reseafithese interviews were recorded
and transcribeglerbatim This especially provided information on the reasbehind
the developments described in written sources.

3. Towards an energy efficient glasshouse horticuite

3.1. Energy use in the glasshouse sector
After the traumatic experience of the ‘famine wrhie the last year of the World
War Il the Netherlands developed strong agricultpedicies to avert this risk for the
future. One focal point was the development ofasgfhouse sector to become less
dependent on the often unreliable klimate to grepeeially vegetables. This policy
was so successful that the sector grew beyond twbatountry needed for its own
supply and the Netherlands have become an exmirnegetables as well as flowers
and plants grown in glasshouses. (Wijnands et0&l3p

Glasshouses convert sunlight into heat. During semmhen the air inside a
glasshouse gets too hot, ventilation windows inttipeare opened to get rid of excess
heat. During winter, glasshouses also warm up anysdays but on cloudy or cold
days additional heat is needed to make the interawm enough for plant growth.
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Furthermore, most crops don’t grow in winter beestiere is not enough light and to
enhance growth huge light installations are uséds hay also be applied during
dusk and night.

Glasshouse heating installations in the Netherlane$ueled with natural gas.
The sector also uses gas during spring and sumecaube of the CQhat results
from burning gas. Plants ‘inhale’ G@nd ‘exhale’ oxygen (the opposite of the
process in humans and animals) in a process galtletbsynthesis. In a glasshouse,
growth is enhanced by feeding plants with extra,Gk same substance that is the
main contributor to global warning. Gas is alsortaat in the fall, in this case to drive
out excess humidity. (Interview Poot) Thus, thesghuse sector uses gas year-round
and in total the sector is responsible for abodb 10 the Dutch natural gas
consumption as well as 3% of its electricity uge2005, the sector emitted 6.1
Mtonnes of CQ, about 3% of the Dutch total. (Van der Velden 2a03elemeijer
and Kruitwagen, 2007)

The total area of glasshouses has grown to abod®Q®a., a figure that has
been relatively stable over the past decades. [lz4f* But under this constant
figure major changes have occurred. On the intenmalt market, Dutch
horticulturalists face competition from southermtries that are in a more
favourable climatological position which requiress heating of the glasshouses.
Especially with rising gas prices this became aifigant factor in the past two
decades. The Dutch have been able to remain canapdiy continuous innovation in
optimising the conditions for growth for a varietfcrops and using advanced
technologies to control the climate in a glassho(S€AG, 2004; Vermeulen and
Poot, 2008)

3.2. Aligning forms of anchorage in the regime: CHP

During the 1960s, after the discovery of huge matigas reserves in the north of the
Netherlands, a nationwide grid for national gas wasited. Since, natural gas has
become a relatively cheap primary source for hgdtinhousholds and industry,
including the glasshouse horticulture (GH) sedi@orreljé and Verbong 2004) After
the oil crises of the 1970s, however, oil and gasep went up considerably which
stimulated growers to start saving energy or fittttoways to tackle the situation.

One option to do so sort of indirectly presentedlft In the 1980s, seeking to
expand their business, glasshouse floriculturistdesd to grow flowers year-round.
As winter light is insufficient for plant growth ighrequired huge lighting installations,
raising electricity needs and, hence, energy costsut these costs, floriculturalists
started to install ‘combined heat and power’ iretiahs (CHP) from the mid 1980s.
(Van Vliet 2006)

This is a sort of mini-powerplant that burns fualthe Dutch case natural gas)
to produce heat as well as electricity, both ofalhivere used by the sector. Such
installations were initially developed and useddrge industries and further
application was stimulated by government policiesking to make more efficient use
of energy. A 1989 electricity law allowed small guzers to supply electricity to the
grid and a dedicated programme to stimulate CHPinvpkemented which provided
investment grants and a lower gas price for CHBVE€R and Verbong, 2007)

This offered new opportunities for the GH sectartHe warmer and lighter
months, their CHP installations sat largely idl¢ Wwith the option of selling electriciy
and stimulated by the government programme segeoalers started to supply

214 F| data’ refers to data are taken from the LEbsite. See references.
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electricity to the grid during summer. Initiallyghting in winter using CHP was
applied mainly in the floristry sector but becao$enternational market
developments it also spread to vegetables in teel@90s. UK supermarkets, for
instance, used to buy their tomatoes from the Nlethés during summer and from
Spain during winter but to keep up quality standaley preferred to work with the
same supplier year-round. This stimulated Dutchidwdturalists to apply lighting to
grow other crops in winter as well which, in itsrtustimulated the use of CHP.
(Interview Poot)

The liberalisation of the utility sector since th@90s gave an enormous boost
to this process. One effect of liberalistation wa new markets developed for
buying and selling energy where horticulturalistslld negotiate longer or shorter
term contracts for buying gas and selling elediridviany horticulturalists were quite
good at this new game and in recent years quitev@ar of them have made more
money in trading energy than from selling cropstgiiviews Smits and Van der Valk)
An attractive condition for CHP was that the prieeeived for electricity compared
favourably to what horticulturalists paid for natlgas, the so-called ‘spark spread’,
which stimulated further investments in CHP systdm2006, the sector became a
net producer of electricity and early 2007, thaltetectric capacity of the CHP
installations in the sector was about 1.7 GW, sgipglsome 10% of the country’s
total use. (Van der Velden and Smit, 2007)

In terms of our analytical framework, this episdiigtly shows the
technological anchoragef CHP installations. For the floriculturists, higng became
linked to their traditional heat production throu@kP, constituting anchorage within
the regime. Later, CHP became also linked to thiema electricity system by
integrating these systems in the national grid g a form of technological
anchorage between regimes. This was largely stiedilay a form ohormative
institutional anchoragenotably government regulations that made possiie
stimulated selling electricity to the grid.

This episode also shows different formswetwork anchoragdirst between the
CHP installation world and the floricultural worl®nce the floriculturists had used it
successfully, other horticultuists also applied Gkttch constitutes a further form of
network anchorage within the regime. When the sexittarge started to supply
electricity to the grid the network further expadde include the electricity world.

Following that, a gradual change in identity tod&ge on the side of growers.
They saw that they could make a lot of money framdnergy they produced and
developed energy production as a second businesa,forminterpretative
institutional anchorageacompanied bgconomic institutional anchorag&/hat we
thus see in this case is that all different formarchorage aligned and reinforced one
another which led to CHP becoming a standard garthorticultural enterprise.

3.3. Institutional anchorage of landscape pressuresustainability requirement'
During the 1990s, sustainainable development beeansing public and political
iIssue. Various sectors, including the GH sectanecander pressure to do something
about emission of polutants, energy use, use ofmaterials, use of pesticides etc.
Attempting to achieve this in a coherent and natealbing way, voluntary
agreements were concluded between government baiesepresentatives from
various sectors. These agreements specified tafagetse future (e.g. 2010)

providing room for businesses to work on variossi€s in succession rather than on
everyting at the same time.
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Thus, in 1997 the GH sector concluded a voluntgrg@ment with provisions
for the use of minerals, crop protection, enerdigiehcy and the use of sustainable
sources of energy. A steering committee by the nain@lamf? was created that
should help realise the targets. (Interview SmIgn8 expressed a need to change the
rules applied to the GH sector (to produce not amly cost-effective way but also in
sustainable way) which constitutes a form of nommeainstitutional anchorage.

In 2002 the Glami agreement was followed by potegulations (Besluit
Glastuinbouw, 2002) that set standards for each @mergy, minerals) for individual
companies for successive years. Energy reductigetsawere defined via an energy
efficiency index that was set at 100 in 1980. B§@his should be reduced to 35,
4% of which should be generated from sustainahleces, implying a reduction of
65% over a period of 30 years. In the year 200®rélalised index was 56 and in
2005 it was 46 meaning that the reductions achi@vedactice were more or less on
schedule. (Van der Velden and Smit, 2007)

In the late 1990s, the need to reduce, EQissions became a rising star on the
sustainability agenda. The Dutch government haa sational target of 30%
reduction of CQemissions by 2020 compared to 1990. (Koelemeijdr a
Kruitwagen, 2007) The glasshouse sector was algeoted to contribute its share
which started a variety of new developments. Onda®imost important changes is
that horticulturalists themselves have startecgttmgnise the need to reduce energy
use and C@emissions. (Interviews Maters and Van der Valk)

It is evident that the need to save energy is latipeulated for economic
reasons because of rising gas prices but accotdisgveral interviewees the need to
reduce CQ@emission is also clearly acknowledged in the sedtous,economic
institutional anchorag@andnormative institutional anchoraggeem to reinforce one
another although it is difficult to disentangle e

3.4. Aligning forms of anchorage in a niche: semilased glasshouse

3.4.1. Semi-closed glasshouse

In the period 1984-1992, inspired by plant-growghsons, scientists had been
working on the concept of a closed glasshouse. ikgepglasshouse closed helped to
keep insects out and G which enhanced plant growth. However, it appddoo
difficult to cool a closed glasshouse in summer treddevelopment was stopped. (De
Gelder and Kipp, 2005) In the late 1990s this weds picked up again for energy
reasons by linking it to developments in the buigpsector.

In the 1990s, the building sector started to usemabination of heat
exchangers with underground heat and cold storafjeat exchanger is a device with
tubes through which water is pumped. Doing this\witld water in a warm
atmosphere in summer resulted in cooling down tharal warming up the water.

This warm water was stored in underground layelleadtaquifers. During winter, the
warm water was pumped up for heating purposefidisame way cold water was
stored in winter and pumped up in summer for capl{’vverbong 2001)

2 Glami =_Glastuinbouw en Mieu (Horticulture and Environment). Specifics dafound at:
http://www.glami.nl/
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In the late 1990s, scientists at W8iRwWageningen University and Research
Centres) sought to apply such a scheme to a glasshdhey teamed up with Ecofys,
a large consultancy firm that specialised in reride/@nergy and energy saving.
Ecofys had no experience in the glasshouse segtavdnted to move in that
direction and created a subsidiary, Innogrow, teetl®p a working prototype. This led
to a design that used a large central heat exchateged in the front of the
glasshouse and a ventialation system with hoseseithéhe warm or cool air through
the glasshouse. This ‘Glasshouse of the Future’exhibited at the 200Rloriade
world horticulture fair, a large prestigeous exhdni visited by the public as well as
stakeholders from the sector. (Van Gelder and K2005, p.11)

This raised considerable interest and the followjiegr a practice
demonstration was carried out. In 2004, the resudt® promising enough to
stimulate one grower to install it in his own glaggse. The first technical results
indicated that this system allowed a consideratvieuat of energy conservation
while there was also some rise in productivity lisesof higher C@levels. Articles
on these results appeared in business journalmartings were organised to inform
growers. This stimulated interest from horticultists as well as suppliers of
technology who started to develop and offer neviatians. As a result, about a dozen
horticulturalists started with some form of (sengigsed glasshouse concept in 2005-
2006. A government programme to stimulate energygevation provided subidies
that lowered the investment costs. (PT and LNV ,630Be remaining costs would
have to be recooped by lower energy costs and hgybeductivity.

Innogrow’s initial design was a ‘Closed Glasshowskich they registred as a
trademark. Such a glasshouse still gets too hetiimmer (due to the inefficiency of
catching and storing heat) and requires an additioooling system which adds to te
costs. A cheaper variant was to allow for someiagtion although far less than in a
conventional set-up. Such designs are called ‘s#osed glasshouses’ (SCG).
(Innogrow, 2005)

In analytical terms, we initially see a form of h@ological anchorage when a
heat exchanger becomes linked to a glasshouseyesyestgm to define a closed
glasshouse. This was accompanied by network angdgiratially between scientists
and an engineering company in a niche. The netthak expanded to include half a
dozen growers and suppliers of glasshouse instaiatvho also became part of the
niche because they relied on protection in the fofigovernment subsidies. This
niche expansion enhanced the possibilities to lebaut whether and, if so, how the
concept could be made to work in practice.

3.4.2. Energy producing glasshouse

Concurrently with the development of the semi-atbgkasshouse a more radical
variant was also developed. In the late 1990sDilteh national advisory council for
agricultural research (NRLO) carried out variouskdstudies on what was called a
“climate neutral glasshouse horticulture”. In 2@B8 NRLO was succeeded by an
organisation with a more developmental than adyisbaracter called in short the
InnovationNetworkAt the same time the sector’s branche organis&fi® (later
LTO-Glaskracht saw a need for major innovation in the sectdatkle competitive
and energy challenges and created a programmerganigation by the name of

2 Wageningen University has traditionally specialie agriculture and animal husbandry sectors. In
The Netherlands, these are large economic seatdreext to the university there were a variety of
more specialised research centres with a moreigahotientation. In 1998 the university and these
research centres merged to form WUR.
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SIGN (the Dutch acronym for Foundation for Innowatin the GH sector). (Grin and
Van Staveren, 2007, Ch.3)

Early 2001 SIGN and the InnovationNetwork organiagdint meeting to
develop an innovation agenda for the GH sectory Deweloped a long-term
programme by the name “Glasshouse Horticulture 2884 identified five themes to
work on, one of which was energy. The people resibtenfor this theme were not
afraid to think radical and started with a paradgmit: rather than seeing the GH
sector as an enormous consumer of energy theytsemaai 10 000 ha. big solar
collector. Using heat exchangers combined with hadtcold storage as in a semi-
closed glasshouse would make it possible to hapremimous amounts of heat during
summer, store it underground to be used in wilfwza, 2006)

In 2001, the programme managers talked to a vaoiedigtors in the sector to
gain support for their ideas. Stakeholders fromouar corners of the sector lend a
willing ear but were quite unanimous in their judgmnts: “It's nonsense.” (Van
Oosten and Koehorst 2007; Interview Van Oosten)driig positive responses came
from outside the GH sector, one from an Akzo Nameployee who worked on a new
type of heat exchanger by the namé&igfihexwhich he thought would be perfectly
suited for the purpose. A representative from KENMAutch research organisation
for the electricity sector, also responded posgtigevThey became part of the
programme team to develop the concept furthergusia Fiwihex as a central
element. (Roza, 2006)

WUR scientists calculated that this could resublt imet-production of energy
on a year-round basis. (De Zwart and Campen, 2B@5)hat reason it was called the
Energy Producing Glasshouse (EPG). Various scenagoe developed on how to
use the energy produced by the glasshouse. In sbthese, the energy was used
within the sector but in the most radical scentdr@heat was used to warm nearby
houses. The glasshouse would thus become patirobder local system of use and
supply of energy called dnergywebLater studies within the programme suggested
that a 1 ha. glasshouse could warm a hundred ho{i®eza, 2006, p.26) With a total
GH surface of 10 000 hectares the theoretical ¢gpaould be to warm a million
houses, over 10% of the Dutch stock.

On the technical side, in contrast to the semiezlalasshouse where a large
central heat exchangers was used, a Fiwihex wamt device of which a large
number (about 250 per ha.) would have to be plactadylasshouse. The advantage
was that no hoses would be needed to pump the wacwool air through the
glasshouse. In 2003, after some small scale tedtfuather developmenent, WUR
scientists considered this a promising conceptirjusitive report was important to
secure further funding. (Grin and Van Staveren,72pp. 41-42)

The next step was to demonstrate the concept argeariscale. After some
internal deliberations it was decided to go dinettl a real life size pilot, notably 5
000 nf, i.e. 0,5 ha. Since this was larger than existisgarch facilities the pilot was
carried out in an existing business owned by agrésted horticulturist. This project
started in 2006. (Roza, 2006, p.31)

In analytical terms, we initially see a form of k@ological anchorage in which
the Fiwihex heat exchanger becomes linked to aslytasse energy system which
subsequently became conceptually linked to an gmery. Network anchorage of
sector actors, however, appeared quite problenvaitic,various stakeholders
rejecting the concept. Eventually, one grower bexhnked who, because this was
realised via subsidy protection, became part ohtbee.
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3.4.3. Research programme and actionplan

During the early 2000s, the concept of transiti@nagement became quite popular in
the Netherlands. The general idea is that in mangoss system innovations are
needed to achieve sustainability which should imeutated and guided by specific
forms of governance. This was also taken up foiGHesector. Around 2005
representatives from the Ministry of Agriculturevasll as from the sector concluded
that a variety of new initiatives were germinatargd that some sort of co-ordination
would be needed to reap the full benefits of thrstiie sector as a whole. To facilitate
this, the ministry together with the HorticultuRdoduct Board established a
programme by the name “Kas als Energiebron” (“Glasse as an Energy source”;
hereafter called GaE programme) and provided sotistdunds, € 5.6 million in

2007. (PT and LNV, 2006)

The programme defined six so-called transition aiticluding solar energy
(using heat caught by glasshouses and productiefedtricity), biofuels, energy
efficient crops and growth strategies, light (aéit use of daylight and energy
efficient lamps). (PT and LNV, 2006, p.3) Theseragées reflect a broad portfolio of
possible solutions for two reasons. The first & thwas still unclear what the
practical potential of each option was. The sederibat the managers of the
programme did not think there would be one solutidre glasshouse sector is quite
varied with thousands of companies growing hundaédsfferent types of crops,
plants and flowers and various concepts would have tailored to specific needs to
satisfy this diversity. (Interview Smits)

The programme makes a distinction between whadeaa as forerunners and
the sector as a whole, in 2007 some 5 000 busisiedsdil that year, some 15 of
them had started with different variants of semiseld glasshouses, all of which used
heat exchangers combined with heat and cold stonagguifers. There was a
considerable interest in the sector as appearedtfie 60-70 applications for an
investment subsidy in 2007. The rapidly rising gases in 2006 are likely to have
stimulated this interest. Applications were for tdomstruction of 140 ha. of new
glasshouse surface, all of which were awarded.afRITLNV, 2007, p.6) Sector
representatives considered this a high interestngiliat about 400 ha. is renewed
each year. (Interviews Smits and Van der Valk)

In further developments, the sector representafi@ Glaskrachand the
Stichting Natuur en Milie¢Nature & Environment Fund) became also linketht®
semi closed glasshouse. In the mid-2000s they taatdg to interact on issues related
to the environmental impact of the GH sector whint2007, led to a joint
‘Actionplan for a climate neutral glasshouse hailtiere’. The plan specifies a
‘transition package’ including the target of a 468duction of CQ emissions by 2020
compared to 1990. For 2010, the plan specifiesaB@tha. of glasshouse (i.e. 4% of
the total surface in the Netherlands) should benisdosed’. (SNM and LTO
Glaskracht, 2007)

3.4.4. Synergie businessplatform

In the Netherlands there are several national progrthat seek to combine scientific
research on innovation processes with practicentatkeprogrammes to induce system
innovations towards sustainability. Within thesegyrams there are various projects
dealing with more specific topics. One of the nagiloprograms, Transforum, deals
with the agricultural sector and within this onencete project by the name of
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Synergie(the Dutch writing of ‘synergy’) targets the GHcgar. Synergie is linked to
the ‘Glasshouse as an energy source programmesng@@amp, 2006

The platform aims to bring together scientific kdeslge developed in
research institutions with knowledge developedracpce by the horticulturalists.
This is a challenge in itself because these twogsgartly speak different languages.
A horticulturalist may say that he can see thdaatploesn’t feel happy or describe
that a leaf feels crispy but that’s not the kindrdbrmation that a scientist can work
with. These differences in language are one oféhsons that the links between
research and practice leaves much to be desirgdn{ilew Maters)

The platform started early 2006. Horticulturalistsrking with new energy
systems started to meet regularly with researdmeasdiscuss their experiences and
various other issues. Gradually, they have leatoepeak each other’s language and
come to a fruitful exchange. Meeting each otheulaty was also important to build
confidence between growers and researchers. Epeinee a (semi-) closed
glasshouse allows to control various relevant patare (temperature, GGevel,
humidity, light) it was considered important thatticulturalists work closely
together with scientists to find new optimal growtnditions. Suppliers are also part
of the platform to ensure that new technologiesindaed be produced at a price that
makes it interesting for a wider group of followgte acquire these installations.
(Synergy website; Interview Maters)

3.4.5. Aligning forms of anchorage in the niche
Through the GaE programme the network relatedro-s®sed glasshouses
expanded further to include regime actors suchesibricultural Product Board and
the Ministry of Agriculture while the *‘Actionplarfurther enrolled.TO Glaskracht
and theNature & Environment Fundstill, the SCG development took place within a
niche as its survival was dependent upon variotmgmf protection such as
subsidies. Th&ynergiebusiness platform not so much expands the niche bu
strengthens co-ordination within it which, as weddefined it in section 2.4, also
contributes to network anchorage.
The GaE programme, the Actionplan as well as tlstnless platform provided

a specific way of framing future development theacdme more widely shared in the
sector (given the large number of subsidy appbeest), which constitutes an example
of interpretive institutional anchorage in our amiahl framework.

Thus, several forms of anchorage (technologicalyork and institutional)
were starting to align although the semi-closedgilause was still supported by
subsidies and, therfore, this contributed to ndéeelopment rather than regime
development. It seems that to achieve the latterimportant form of anchorage,
economic institutional anchorage, was still missing

3.5. Anchorage opening up new possibilities: adialtia cooling
The GaE programme explicitly targets a system iation, with the goal that after
2020 all newly built glasshouses will be climateitnal. Interestingly, after the semi-
closed glasshouse had anchored on several dimerthigrstarted new developments
that could also be used in existing installatiotsciv might compromise the system
innovation ambition.

One example is adiabatic cooling. In a closed dlasse, the heat caught in
summer is stored in an aquifer. In practice, howebhese glasshouses still get very

% Detailed info can be found at the Synergie webkite://www.synergieplaza.nl/
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warm necessitating some sort of ventilation or ic@plAs in the new thinking
ventilation was not attractive (which would nectasi continuous C{feeding to
enhance growth) there was a search for effectnexpensive forms of cooling. An
interesting option apeared to be to make use ch#ied adiabatic cooling. In this
approach, small droplets of water are sprayedtimaylasshouse creating a light mist.
Due to the high temperature these droplets vapeapizckly which has a cooling
effect, so-called adiabatic cooling. This increabeshumidity in the glasshouse but
this might even benefit growth as it does in afrairest. (Cli Mate, 2008; Interview
Smits)

Thus, adiabatic cooling was initially applied toxgeensate for the lack of
ventilation in a semi-closed glasshouse but onceodstrated it appeared to have
more general advantages in the sector. Such dnsiatlation has a relatively short
payback time and various horticulturalists havetsthato install it in a conventional
glasshouse. Thus, a development that was initédisted as an overall concept
targetting system innovation led to the technolalgamchorage of a ‘spinn-of’ that
can be seen as a form of incremental innovatiotwbi& anchorage followed quickly
when it was picked up by various growers in themeg (Interview Smits)

But this incremental step does not mean that tissipiity of a system
innovation has evaporated because a higher levelrofdity contributes to another
development path. A closed glasshouse makes grgastontrol CQ@levels and,
hence, plant growth. However, there are variousighy parameters that affect
growth, the most important of which are light, tesrgiure, C@concentration, and
relative humidity. A closed greenhouse with a rmstallation, initially intended for
cooling, makes it easier to control all these patans. At present, growing crops is
based on practical experience on what the optiorabination of these parameters is
but it is now possible to stretch these paramet@nsiderably further than in a
conventional glasshouse. With these new technabgations horticulturalists may
have to learn anew how to grow crops. (Dielemaad.e2007)

3.6. Anchorage between systems — Energywebs

The Energy Producing Glasshouse project suggeseepiassibility of using heat
generated in glasshouses to warm houses. In ataligrms this would imply linking
two systems that hitherto were separate. In 200&vihe EpG programme managers
tried to get support for their ideas, including tmeghouses via so-called energywebs,
they were turned down by all sector actors. Ornt@farguments from the ministry
was that the glasshouse sector was about prodompg, not about producing

energy. (Interview Van Oosten)

Although initially turned down by the sector, theeegyweb concept came
back on the agenda via the semi-closed glasshouse it appeared that these
glasshouses provided more energy in summer thameeded in winter. One of the
first applications was in the sector itself. In B0@rominent, a group of 22 growers,
built 9.3 ha. of new glasshouses of which 3.4 kaduhe Innogrow Closed
Glasshouse concept and the other 5.9 were conwahtapen’ glasshouses. Excess
heat stored in summer from the 3.4 ha. was usbkddbthe whole 9.3 ha. area in
winter. (SenterNovem, 2006)

Other growers, however, started to look for posséxternal users for their
heat. In 2006, two horticultural enterprises teamedvith Volker Wessels, a large
construction and infrastructure company, to makeftar for heating 2 800 new
houses in the village of Waddinxveen in the wespam of the Netherlands.
(InnovatieNetwerk, 2007) The outcome on the bithattime of writing was still
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unsure. In Venlo, in the south of the Netherlamdsroject did take off. A tomato
grower built a new glasshouse by the name of Graemghich, as of 1 January 2008,
warms a nearby nursing home. (SunnyTom, 2007)

These initial moves open up a range of new po#s#sil Firstly, the managers
of the GaE programme have raised their ambitiop2020 the glasshouse sector
should not only supply sustainble electricity bisbasustainable heat to other sectors.
(PT and LNV, 2007, p.3) But this line of thinkingrcalso be reversed. The sector
could also use heat generated elsewhere to wasshglases. Various industries now
have excess heat that is discharged as warm wéberivers or canals or via cooling
towers into the atmosphere. (Interview Smits) Thios,energywebs have come back
on the agenda.

This is not only a thought exercise because tsérfioves in such a direction
have already been made. In 2007, plans were bewgaped for the region of the
‘Westland’ between Rotterdam and The Hague, thaitl@ahighest concentration of
glasshouses in the Netherlands, to develop a yarfedmaller energywebs which, in
a later stage, might be linked to create largersvé&he city of the Hague, for
instance, is developing plans to use geothermaltbemarm houses and such a
scheme might later be connected to a developimbigthe Westland. (interview
Smits)

Thus, initial technological anchorage that linkasghouses to wider
energywebs has taken place. A growing variety tdrads tinkering with this concept
constituting also network anchorage. This is accamedl by interpreative
institutional anchorage in which the glasshouséoses no longer seen as self
supporting but part of a wider system of produ@nd supplying energy. Admittedly,
the links in this developing niche at the time oiting were quite weak but the
interesting point about this episode is that itvebithat anchorage that initially fails
(when the ideas of the EpG people were turned dovay) find other routes that are
more successful.

4. Conclusion

In this section we will systematise and reflectupize findings that were presented
and evaluate the usefulness of our perspectiveahe{megime interaction and
anchorage. Furthermore, the emphasis on ongoimyation processes allows us to
draw some general conclusions on possibilitiesitoutate system innovation. These
will be addressed in the final part of this section

4.1. Crooked pathways of anchorage
In section 2.4 we proposed several forms and egjanes of anchorage to characterise
interactions between niche and regime. We distsigrd between technological
anchorage, network anchorage and various formsstifutional anchorage
(interpretative, normative and economic). We haenghat it is indeed possible to
describe the recent history of events and the pssgon in the innovation process in
terms of these different forms of anchorage as eveahstrated technological as well
as network and institutional forms of anchorage.

More important than signalling that different formisanchorage can indeed
be identified is that our description of differeatisodes of anchorage results in a
meaningful story. This story shows that differemis of anchorage are closely
intertwined and logically connected and that atieragpisode of anchorage creates
the conditions for later forms of anchorage. Thiaat to say, however, that such
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trajectories are intentional or amenable to dediteeplanning and design. At the
beginning of the journey, for example, we see thatost-reduction purposes some
growers were already using CHP technologies. Toirsceded with a dynamic in the
energy regime towards liberalising the energy mankech, in turn, resulted from a
‘landscape’ level international trend towards matieeralisation. The interaction
between this technological and (economic) insbiudi dynamic resulted in a
situation that was conducive to growers startingptd at themselves as energy
producers, a shift in identity that can be seea fmsm of (interpretative) institutional
anchorage. Although this was not initially assaailatvith the later notion of
‘glasshouse as an energysource’, this identity ghaertainly helped to pave the way
at a later stage.

In the empirical description several of such inggrehdent sequences can be
discerned. This is represented in Figure 4 whidldbwn Figure 3 and zooms in to
the area where one niche intersects with the regmiegure 4 we attempt to
visualise the various forms of anchorage, the tiocs’ of anchorage and the most
relevant influences and pathways. What the figasdally shows is that various
forms of anchorage may follow one another via \@opked paths.
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Figure 4. Processes of anchorage. The rectanglastégechnological anchorage,
the pentagons network anchorage and the octagatisutional anchorage. As in
figure 3, the hexagons denote landscape pressures.

What emerges from the above is that different foofrenchorage occur in a
relatively capricious pattern, where one form oftasrage (or the lack or failure of it)
offers opportunities for subsequent dynamics tanda line with earlier work on
MLP, our case-study suggests that landscape pessplay an important role in
inducing niche- as well as regime developmentsw@mg political and societal
awareness that G@missions must be reduced, for example, has atfedttually all
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developments described, on the niche as well asethime level. Thus, landscape
pressures can set things in motion but that isyebanchorage. Anchorage implies
that different actors link up to a novelty and tthas link has some durability. The
case provides a variety of instances of this hapgeBuilding further on some of the
examples mentioned in the previous paragraphs weea patterns like:

» Translation e.g., of Innogrow closed glasshouse into senseadaglasshouse.
Also translation of semi-closed glasshouse (SC@®)amore radical concept
(EpG) with the addition of the concept of energywEte latter initially refuted
but later linked to SCG. This coroberates Smithadihgs on translation referred
to in section 2.3.

* An ‘opportunity that presents itself after a previous anchoragg,to sell
electricity after installing CHP, initially for ietnal use. Subsequently growers
find out they can also supply to the grid makingwnaf them energy-converters
(gas into electricity) and traders.

* Internalisation The need to reduce G@missions and the ambition of climate
neutrality first were aoutside pressuréhat was put on the agenda primarily by
outsiders and affected niche developments like BR@e early 2000s it became
internalised within the regime and since it hasudieanchored there.

» Alignmentof various forms of anchorage seems to enhanabdity. In the CHP
case, all forms of anchorage aligned and it becastandard part of a
horticultural business. In the case of semi-clagadshouses, only one form is
missing, notably economic institutional anchorafas has led to a variety of
activities in the niche but it is not (yet) picked in the regime at large.

This limited summing up already suggests that meee of anchorage can follow a
variety of crooked paths. The research challenderther work is to find some order
in this and possibly distinguish a limited set b&racteristic patterns but this can only
be done on the basis of a wider variety of casgiestu

One thing that we do want to stress is that angfgocan take place under a
variety of pressures and tensions as weti@sortunities(e.g. selling electricity once
CHP has anchored). The initial MLP studies typicattess (landscape) pressure only
but in Figure 3 we acknowledge this duality by sgdioth tensions (T) and
opportunities (O) as a possible starting pointctieinge and and our empirical study
gives various examples of the latter as is als@atdd in Figure 4.

4.2. Locating anchorage: critical role of hybrid foums

The relatively positive dynamics in this case maydlated to the fact that we are not

just dealing with the horticultural regime, butaisith the energy regime. In terms of

the actors and networks involved, therefore, wdikety not only to encounter

‘insiders’, but also ‘outsiders’. Various studiesv/k stressed that radical innovations

usually come from outside the regime and are iftytadeveloped by entrepreneurs

and pioneers. (e.g. Constant, 1980; Utterback, 1984 de Poel uses the term

‘outsiders’ for these actors who feature two mdiaracteristics: (Van de Poel 2000,

p. 384)

1. They are outside or at least marginal to the regime

2. They do not share some of the relevant rules veipect to technical
development.

When looking at the actors that played an impontalat in furthering the radical

innovation process in our case-study the followgatggories stand out:
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1. Suppliers of glasshouse installations. Becausedlsyoperate in other sectors
than the GH sector they are an important chanmehfmducing innovations from
other sectors into the GH sector (e.g. from théding sector);

2. ‘Pioneer-growers’: they are definitely regime astatho want to make a profit
from growing crops but they are at the same tinepgred to take risky,
innovative steps to satisfy societal concerns;

3. Horticultural Product Board. They clearly seek tmgl the vital interests of the
sector but are at the same time very sensitivedtl concerns, and actively
stimulate innovation through programmes such asNSIG

4. The semi-governmental innovation intermedibmyovation Networkwhich is
affiliated to the Ministry of Agriculture and whatroduced the vision of an
Energy Producing Glasshouse.

These actors clearly do not satisfy both of VarPdel's criteria. They are anything

but marginal to the regime and/or they do sharmésof ) the relevant rules. On the

other hand, they also have a deep commitment t@ithedrealisation of (radical)
change to satisfy societal concerns. Interestilngbl’ outsiders such as players in the
energy sector proper do not play a very active@andiinent role, even if (economic
and legal) institutional developments in the enesggtor are of critical importance in
the background.

To account for this we define an intermediary catggvhich we calhybrid
actors They form a category between insiders and outsidigsplaying some
important characteristics from each of them.

Coming back to anchorage, then, it is exactly tig$eid actorsthat play a
crucial initiating role. They operate at the ingatgon between niches and regime in
figure 4. In this case, they do so in various nekgettings, e.g.

» several pilot projects;

» the ‘Glasshouse as an Energysource’ programme;

* meetings between tidature & Environment FundndLTO Glaskrachthat have
led to the ‘Action programme for an energy neu@#l sector’;

» Synergiebusinessplatform.

All these activities take place within the overlaggparea between niche and regime.

(cf. Figure 4) These settings are characterisectlayively stabilised networks (i.e.

forms of network anchorage) and take the form airfts where regime and niche

developments come together at the most concrett Mie will call these networks
hybrid forums

With reference to the different forms of anchordgeussed, this case-study
suggests that both technological and institutiamghorage seem to go along with,
and is in most cases are preceded by, network esxgdoThis is not all that surprising
as network formation has been often identified astecal process in bringing about
innovation (Callon et al., 1986; Leeuwis, 2004)isT$tudy specifies that further by
suggesting that hybrid actors which operate inctird@ext of stabilised hybrid forums
play an important role in stimulating anchorage eadical innovation.

In addition, the hybrid forums are of interesthattthey can be seen as a specific

‘location” where anchorage takes place. When disighing niche, hybrid forums

and the regime, anchorage can in principle takeepia either of these. Our study

provides some indication that anchorage in a kyfatium can be an important
intermediary step in moving from niche to regime.

93



4.3. Multi-regime dynamics

This study shows that landscape factors like tlesite reduce COemissions and
energy consumption have an impact on the dynantieaimiche as well as the

regime. This has been acknowledged in the MLPditee right from the beginning
but the model with the three levels (figure 2) alyss this important feat. Similarly,

in the original MLP model, the energy consumptigrtiie GH sector would be seen
as a regime feature while the overall dynamic eféhergy sector would be seen as a
landscape factor since it affects a broad variétggimes. This study shows,
however, that the dynamic in the energy sectorthatof the GH sector have become
much more closely interlinked as increasing numbéggowers became suppliers as
well as buyers of energy.

In analytical terms we suggest that the these dpwetnts take place at an
intersection between two regimes, the GH regimethactlectricity regime. Each of
these regimes largely has its own dynamic but tisea@ overlapping section where
they influence one another. Thus, we are lookingtatactions between two regimes.
There are only a limited number of studies thatdkbe and conceptualise such
‘multi-regime’ dynamics (e.g. Raven and Verbongd20van Mierlo, 2002). Van
Mierlo focuses on one specific aspect, notably Hwevconfrontation of actors from
different regimes who cooperate and have confldtisin pilot projects stimulates
niche branching. In our analytical terms this wocddstitute a breaking up of
anchorage but our case study (out of analyticaicefigrovides hardly any examples
of this.

Raven and Verbong analyse multi-regime processasaher high level of
aggregation and have developed a typology in wthiely distinguish four different
interaction patterns between two regimes, notdlilycompetition (2) symbiosis (3)
integration, and (4) spill-over. With our inter@stprocesses of anchorage, however,
this model is too crude. By zooming in to a morenmievel we see different
dynamics and patters occurring at different momeantke process. E.g. we see
competition (between growers and utilities bothyipg electricity) as well as
integration (e.g. via energywebs). It would beiesting to explore in further work
how processes of anchorage could help to understaittdregime dynamics, also
looking at breaking up of anchorage and relating tih Van Mierlo’s work.

4.4. Distinguishing incremental and radical innovabn

Our study of anchorage also sheds some furtheradighhe distinction between
incremental and radical innovation, at least whoaking at ‘innovation in the
making’. In a rather simplistic distinction betwettie two, incremental innovation
takes place in a regime, gradually transformingtéo@nical side but hardly affecting
the institutional side. In early MLP studies it vagued that system innovation
largely comes from radical alternatives in nichesaking through in the regime,
transforming not only the technical dimensionsddab the institutional dimensions
and the actor-configurations. (E.g. Geels, 2000520Geels and Schot (2007) have
shown, however, that this distinction is too simjg analysing a variety of cases on
system innovations (or transitions) they presdagpalogy of four what they call
‘transition pathways’. In one of these pathwayshes play no or only a minor role
and a pattern of system innovation largely develeitisin the regime.

Geels and Schot provide useful insights into d#ifémpatterns of system
innovation but they do not question the distinctiath incremental innovation. This
is probably the result from looking at very longrieprocesses leading to clear
distinctions after leaving out various micro-ledelvelopments. If we zoom in to this
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micro level and ongoing processes, however, thendion is less clear. Let us
highlight some examples from our case.

The concept of semi-closed a glasshouse had edgjgiem innovation
ambitions. The general idea was to use glasshoosedch and store energy in
summer for later use in winter rather than findiveyys to get rid of excess heat. To be
able to do so, some additional form of cooling a&ppd necessary leading to the
development of adiabatic cooling. The latter comcepwever, appeared to be of use
in a conventional glasshouse as well as it allokeszbing windows shut and provide
for more ‘controlled’ growth. Thus, a developmehgt started with clear system
innovation ambitions became modified (translatadsmith’s terms) into a system
with incremental ambitions notably to enhance ptantvth.

Another example shows the reverse process. CHRnitiadly used in the
floriculture sub-sector with incremental ambitionstably to reduce the electricity
bill. Subsequently, the electricity was suppliedhe grid and provided an extra
source of income. The liberalisation of the enesggtor offered new possibilities to
play with gas and electricity prices and severaingrs became energy traders as well
and thus became players in a regime different fitoeir traditional one. Building
further on this, various sector-actors have stagtgalorations to create energywebs, a
concept that was rejected only a few years befidiese developments clearly reflect
a process of system innovation with changes innelclyy as well as
institutionalisation.

These examples illustrate that a development thasswith system innovative
ambitions can be transformed into an incrementtl pachange andice versa
Apparently, it is very difficult to distinguish beeen the two when one is in the
middle of it. This not just a matter of having iffszient overview of what is
happening, but also related to the fact that ustea dynamics and coincidences
occur, which fundamentally reduces the feasibdityredicting the direction that
developments will take.

4.5. The meaning of projects and intervention
The realization that what turns out to a systenowation can only be identifieex-
postis perhaps an open door. Nevertheless our obgmrgaire relevant for
practitioners and project funders who frequenthkenearly judgements and claims
about the nature of innovation efforts that theyiarvolved in. It contains a warning
that one should not be overtly optimistic aboutsbepe for planning and controlling
system innovation processes. However, this doesemoer deliberate intervention
and projects meaningless. In fact, we see thgtakievays outlined involve and
weave together a range of networks (including tyforums) and developments that
are somehow part of (pilot) projects, programmaesiaterventions. Some of these
are indeed directed at stimulating Energy Produ@tagshouses, while other building
blocks derive from (simultaneous or past) develamsiand projects in other domains
and spheres. Interestingly, also projects that \etleeir own time looked at as a
‘failure’ may have positive spin-offs and be brotighck into the lime light. An
example of this are past projects aimed at builtitaged glasshouses’ as a strategy
to manage pests and diseases and prevent airipolllihese goals were not achieved
at the time, but the glasshouse designs develapdtidse purposes have at a later
stage inspired and influenced the developmentassjlouses with heat storage
systems.

Thus, we can say that projects and interventiortsemalbeit at times - and
perhaps quite often - in ways that were not intdnafeanticipated. (Elzen et al. 2004).
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They are part of a complex (selection) environmenthich actors act, strategise and
take initiatives, which results in the developmeilements and building blocks that
may become linked and which offer opportunitiesdieange. This is in line with both
evolutionary understandings of innovation (e.g. SNMogma et al., 2002) and
approaches which build on theories about compleranhyc systems (Prigogine &
Stengers, 1984; Loorbach, 2007; Leeuwis & Aart®80In the Western context,
‘projects’ are a dominant mode of sourcing resogjraetion and energy, and without
them it is doubtful that much effort would be integbin re-organising the glasshouse
horticultural sector.

4.6. Epilogue

What we set out to do in this paper was to argaeithorder to understand system
innovations better we need to take a closer loaklett happens at the area of overlap
between niche and regime. We agreed that we neatlSvhith calls a ‘theory of
linking’. Inspired by Loeber (2003) we have used tbrm anchorage, and explored
the usefulness of several forms of it in analysingpngoing system innovation
trajectory. We concluded that the analytical contegps in identifying pathways and
patterns of anchorage, and was instrumental iraligg the significance dfybrid
actorsandhybrid forumsn fostering anchorage at the area of overlap éetwniche
and regime. Moreover, the analytical framework lteslin a new and less
hierarchical representation of the multi-level pexgive, which proved helpful in
mapping and visualising the messy dynamics of iation trajectories. Thus, we
argue, we have made a useful next step towardbéloey of linking that Smith called
for. In further work, a wider variety of cases wabllave to be anlysed to systematise
patterns of anchorage and the role of hybrid a@ondsforums therein.

The work presented is not only of academic relegahcthe introduction we
started by pointing to the widely shared ambitiomiduce system innovation to
contribute to sustainability. To be able to dowse,argued, we need a better
understanding of system innovation and, espeatdliyhat happens at the
intersection between niches and regimes. For pi@urs, the important role that
hybrid actors and forums seem to play could insghieedevelopment of future
interventions and projects. Moreover, the demotedirenessiness of innovation
trajectories might inspire practitioners to reththke scope and nature of projects
required (e.g. more variety, less predefined ostpubre realistic expectations) and
the way in which they are evaluated and monitored.

Finally, after zooming in on the intersection betwaiche and regime, the
subequent challenge, of course, is to zoom ounaggal understand how anchorage
can eventually contribute to system innovation.tTdeallenge is far beyond the scope
of this article but with this analysis we have dou provide some useful analytical
tools for ourselves and others to take up thatiehgé.
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Abstract

Previous studies of system innovations mainly fedusn historical cases that were
driven by commercial motivations of pioneers anttepreneurs. This article
investigates system innovation that is driven bymatdive concerns, such as
sustainability or animal welfare, initially formué by outsiders such as special-
interest groups. The conceptual framework enrigmasvations studies with insights
from social movement theory, which help analysehiiél up of normative pressure
(framing, resource mobilization, political opporityrstructures). This pressure only
leads to system innovations, however, if it aligrnth regulatory, market and
technology development processes. In our case stadyill explore how different
alignments lead to different transition pathwayse Tesearch design consist of a
comparative case study of pig husbandry systems.case analyses the sub-sector of
dry (i.e. pregnant) sows where normative pressafés, several decades, led to the
targeted changes. The second case concerns tlsestap-of pig fattening where
normative pressures were less successful. Theetiife is partly explained by the
normative pressure for dry sows being larger thardttening pigs. The other part of
the explanation concerns tegreeand theiming of alignment with economic,
regulatory, and technical developments which ailgdaéns the particular transition
pathways followed in both cases.

Keywords: System innovation, Transition pathways, Sustalitglaind animal
welfare, Agriculture, Normative directionality

1. Introduction

This article adds to the debate about socio-teahiiansitions and system changes
(Kemp et al., 1998; Elzen et al., 2004; Smith et2005), in particular to the topics of
normative directionality and transition pathwaysay historical cases of transitions
were driven by commercial motivations of pioneerd antrepreneurs, e.g. cars
replacing horses (Geels, 2005), mechanical cargdlimg machines replacing
manual unloading of ships (Van Driel and Schot,5)06teamships replacing sailing
ships (Geels, 2002), jet engines replacing pistmines (Geels, 2006). While
normative and cultural changes were often implatatethese transitions, these were
not the main drivers.

The issue of directionality, in particular normatierientation, thus forms a
new contribution, which has particular relevanceifimovation scholars that are
interested in transitions to societal goals liksetaunability (Elzen et al., 2004). In
particular, the article investigates transitiorat thre initially started by normative
contestations from regime outsiders, such as sowakments or concerned
researchers, who find certain performance aspéetsisting regimes normatively
unacceptable and in need of change.

The article aims to link the issue of normativesatation to the debate about
socio-technical transition pathways. Geels and §@@9©7) analytically distinguished
four transition pathways on the basis of differenicetiming and kinds of interaction
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in the multi-level perspective (which looks at maetions between niches, socio-
technical regimes and exogenous socio-technicdbklzape): 1jransformation which
consists of endogenous re-orientation of (technoédptrajectories in existing
regimes; incumbent actors adjust some regime milessponse to external pressures
(e.g. from social movements or policy makers); atgimovations play a limited role;
2) reconfiguration which consists of regime actors adopting cem#the-innovations
in response to internal or external pressures; auatibns of old and new elements
lead to gradual reconfiguration of the system’sdagchitecture and changes in some
guiding principles, beliefs and practicessBpstitution in which alternative practices
or radical niche-innovations replace the existiagime; 4)de-alignment and re-
alignment in which the regime rapidly erodes because obmlandscape changes;
the subsequent emergence of many niche-innovateads to a period of uncertainty
and experimentation. Eventually one option becodwgsinant, forming the core of a
new regime.

While these transition pathways may be recogneegostin historical case
studies, this is more complicates-ante in transitions ‘in the making'. In real-time,
multiple possible transition paths may co-exist and beyaa simultaneously by
different actors and social groups. Interactiortsvben actors (including moves and
countermoves, strategic games, shifting allianleasning processes and changing
perceptions) then determine which pathway becoropsriant, if any. These
interactions are, of course, embedded in and infled by (gradually) changing
contexts. As Abbott (2001, p. 257) argues, ‘turniognts’ and major changes depend
on the dynamic interplay between agency and stralctnindows of opportunity’:

“(...) a potential turning point becomes actual difihe action is taken that makes it
so. Many potential revolutions fail for want ofatipt, just as many attempted
revolutions fail for want of structural opportuniiy..) Only after the action has been
taken that turns the key can we speak of the tgrpoint as having occurred. It is in
this dialogue of structural possibility and acttbat turning points are defined."

This ontology of dynamic agency-structure interglaplies that process theories
should have two complementing components, whatePaadl Van de Ven (1989, p.
643) called global and local models:

“The global (macro, long-run) model depicts therallecourse of development of an
innovation and its influences, while the local (ricshort-run) model depicts the
immediate action processes that create short-ruelaigmental patterns. (...) A global
model takes as its unit of analysis the overajkttaries, paths, phases, or stages in
the development of an innovation, whereas a localehfocuses on the micro ideas,
decisions, actions or events of particular develemial episodes.”

Building on this distinction, Geels and Schot (206ffaracterized the multi-level
perspective, on which their transition pathwaytggy is based, as a global
(‘outside in’) model. With regard to normative cestation, this article aims to
develop a local (‘inside-out’) model of transitipathways. It thus looks at transitions
through the lens of ‘path creation’ as propose@hbyud and Karnge (2001, p. 3):

“By stressing path creation, we draw attentionfierppmenona in the making, that is,
the temporal processes that underlie the constitwtf phenomena. Such a
perspective assumes reciprocal interactions beteeamomic, technical and
institutional forces that constitute technologiagkfacts and actors involved. Thus,
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social orders, institutional orders and artifactstaoth the medium and outcome of
human endeavors”

With our research interest in the role of normatvieers in such path creation
processes our general research question is: hosvradwmative contestation of
existing regimes lead to the enactment of transpathways? A first hypothesis is
that the degree of normative pressure is relevaitowing Abbott (2001), actions
and pressure from outsiders ars a necessary bstffmient condition for wider
regime change. Hence, the second hypothesis isdhatatively driven regime
change depends on windows of opportunity, in paldicalignments of normative
pressure with other socio-technical developments (egulations, markets, cultural,
technological niche-innovations).This leads usubspecific research question: How
does the alignment of increasing normative pressitreother processes lead to the
enactment of different transition pathways?

We will introduce insights from social movementdhg(SMT) into
innovation studies to better understand externahative pressure on existing
regimes. Because SMT focuses on political struggtesdoes not address technology,
we complement it with insights on the role of odéss in innovation (Van de Poel,
2000).

The article is structured as follows. Section 2aggptualizes normatively
driven transition pathways ‘in the making’. Sectbases a comparative case study to
analyse how normative pressure may lead to themeat of different transition
pathways depending upon the alignment with othecgsses. Section 4 provides
conclusions and discussion.

Concerning our case domain, we analyse how normatmncerns about animal
welfare have led to innovations in Dutch pig husbgrsystems between 1970 and
2008. One case analyzes the sub-sector of dry wtwnse activists and proponents of
change more or less succeeded in achieving thegetlthry wanted. In the other case,
that of pig fattening, they did not realise suchries. This comparative study is very
suited for our purpose since the normative pressiileast at first sight, was more or
less comparable for both cases.

2. Normatively driven transition pathways 'in the making'

The transition typology by Geels and Schot (20@&ts with a default position of
‘reproduction’, in which regime actors reproducésgrg practices and act within
relatively stable rule-sets. Refinements and inemtad innovation proceed in
predictable directions and result in stable trajees. The stability of existing regimes
is the contingent product of interactions betweanowus social groups. Figure 1 gives
an impression of the complexity and multiplicitytbEse interactions.
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Figure 1: Indication of social groups that reprodusocio-technical systems and
enact regime rules (adapted from Geels, 2002, 012

Incumbent socio-technical (ST) regimes are not sear@dy harmonious,
homogeneous and fully consensual, but can als@ot@nsions and conflicts
(Greenwood and Hinings, 1996). ST-regimes tencetoHaracterized by debates and
struggles around certaissuegHoffman, 1999¥° While regime actors may share
certain beliefs and principles, these debatesgilsorise to disagreements and
tensions, based on differences in ideas, percepti@ues, and interests. Coherence
and tension may thus exist simultaneously in incembegimes. Regimes remain
stable as long as tendencies towards coherenstranger than the tensions, i.e.
when there is sufficierdongruencybetween regime actors (Grin and Van de Graaf,
1996), as a result of actors sufficiently shariagib regime rules (e.g. guiding
principles, beliefs).

Incumbent regimes usually have sufficient congryerecause of internally
stabilising lock-in mechanisms (e.g. Unruh, 20083ulting in the default
reproduction process. More substantial regime changrefore tends to depend on
external pressure (Smidt al, 2005). Such external pressure can come from eegim
outsiders who protest against concrete issues @¢dPoel, 2000), from exogenous
landscape developments and from niches, i.e.\shese alternative technologies and
practices are developed that deviate in one or mhionensions from the existing
regime and therefore do not immediately ‘fit’ (Sthad Geels, 2007). But, as in the
case of internal tensions, external pressure willead to regime change as long as
the tendencies towards coherence are strong, ap@echzally lead to hardening
amongst regime insiders.

5 While the organization and management literatftenauses the term ‘organizational fields’, it msfe
to the same phenomenon as socio-technical regimaesly multiple interacting populations
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An initial answer to the research question theeefsithat destabilisation of
regimes depends on two developments: 1) incre&sitegnal pressure on regimes,
and 2) decreasing coherence and divergence of-saxhnical developments within
regimes (e.g. regulations, markets, culture, teldgy). The remainder of this section
further elaborates the first point, focusing pattacly on normative pressure. We use
the case study to further explore the second ptirning to it in the conclusions.

In normatively-driven transitions, outsiders (sashsocial movements) tend to be the
first to articulate moral concerns about the fumitig of existing regimes. Regime
insiders usually downplay these concerns, arguiagthe problem is ‘not proven’,
‘not caused by us’, or ‘not that serious’. Alteiimaty, regime insiders may make
minimal adjustments in regime practices to pacdgplaints. Overall, the regime
thus tends to stay on the ‘default’ reproductiothpa

To escape the reproduction path, the normativespresieeds: 1) to increase
and 2) ‘spill over’ to or become aligned with regiolry, economic, or technological
developments. With regard to increasing presso@aksmovement theory has
converged on distinguishing three main proces$désarhing processes, Il) resource
mobilization, and Ill) political opportunity struates (McAdam et al., 1996; Davis et
al., 2005). These will be elaborated briefly below.

Ad 1) The meaning and salience of ‘issues’ is iaflaed by the way they are framed.
Through this cognitive-cultural process, social mmments aim to influence public
opinion and the perception of problems. Benford &ndw (2000) argue that the
strength or mobilization potential of frames iduiginced by: a) their focus
(addressing too many issues dilutes the strenigthieir empirical credibility
(perceived fit with ongoing events around the i3soetheir cultural resonance (fit
with broader repertoires and discourses), d) gmiotional appeal (often through
images, metaphors etc.).

Ad Il) The mobilization of resources is importaat fnternal development of a social
movement and for external influence on other agi@ig. public opinion, policy
makers). Important resources are: money, membeesnal and external networks,
expertise, credibility, respectability, and consadt social movements mobilize more
resources, their (normative) appeals gather stingihMtCarthy and Zald, 1977).

Ad I11) The structure of political opportunities @eonstraints influence the
emergence, legitimacy and development of socialemm@nts and, hence, the
effectiveness of the pressure they exert. The esiploapolitical opportunity
structures stems from the focus of many scholathemivil rights movement, anti
apartheid movement, labour movement, etc. The tditerature (e.g. Benford and
Snow, 2000; Lounsbury et al., 2003) also pointsuitural opportunities and
opportunities that may arise from mood swings ibliguwopinion, shocks and crises.
The normative pressure on regimes increases iéttese sub-processes grow
stronger and begin to influence public opinion, ethiin turn, creates legitimacy
pressure on policy makers to recognise the prollledndo something.

Because social movement theory originates frontipaliscience and sociologyi, it
pays little attention to technology. We therefooenplement this literature with the
innovation oriented typology by Van de Poel (200@)t distinguishes two additional
outsiders groups besides societal pressure grayigsigineering and scientific
professionals, who possess specialist knowledgadéwic research into the nature
and causes of perceived problems may lead to kingeléhat creates further pressure
on regimes (e.g. by making it more difficult to ge¢he problem). Researchers may
also begin to work on niche-innovations that prasslutions. 2) outside (industrial)
firms, who posses finance, managerial, and engimgeompetence to develop
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alternative solutions for the problem. If learnprgcesses lead to workable
alternatives, pressure on regimes further incre@sgsby delegitimating delays to
address the problem).

We will use these conceptualisations in our casgysto analyze how the
alignment of normative pressure with regulatorghtelogical and economic
processes may result in various transition pathwalys case study is based on
various technical and economic reports from re$egstitutes, sector organizations
and the Ministry of Agriculturé® These data sources were supplemented with semi-
structured interviews, especially to explore tresons behind various developments
described in the reports. These interviews wererdsd and transcribederbatim
We interviewed representatives from farmers (LTslgughtering industry, Ministry
of Agriculture, APS and researchers who have beeoived in various developments
described. To receive feedback to our initial fngl we organised a workshop with
sector representatives and agricultural sciertista different disciplines. (See
Appendix 1 for names)

3. Animal welfare and innovations for two sub-sect® in the pigs sector
3.1. General regime developments in pig husbandry

Development of a flourishing economic sector

The Dutch system of meat production and consumgtiquerienced rapid growth
since the Second World War, especially in the 1&#@51980s. Figure 2
schematically indicates the increasing number gé paised in the Netherlands until
1999. After the year 2000, the number slightly dased to about 11.5 million in the
years 2005-2007 (De Bont and Knijff, 2007, p. 90)2004, the self-sufficiency of
the Dutch pig sector was 227% meaning that about Wés exported. (Central
Bureau of Statistics websiteww.cbs.n) Most of these where slaughtered in the
Dutch slaughtering industry where a concentratiwk fplace in the early 2000s. This
led to the establishement of the Vion group th&d heo thirds of the Dutch market
by 2007 and became the largest in Europe.

% The full name initially was Ministry of Agriculter Nature Management and Fisheries. Later it
became Ministry of Agriculture, Nature and Food @uaallowing continued use of the same Dutch
acronym: LNV. In this article we will refer to itraply as the Ministry of Agriculture.
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Figure 2: Number of pigs raised in the Netherlafdista from the Central Bureau of
Statistics:.www.cbs.nl

This growth was accompanied by a shift towards $tiéll animal production
systems, based on guiding principles such as meadiamm, specialization,
rationalization and economies of scale. During ¢higt, pig farming developed into
an integrated chain with strong ties between anfowl providers, pig farmers,
slaughterhouses, supermarkets, and consumers (@ee#. Pig farming itself
transformed into a factory-like mass productiornteys with stables and farms of
increasing size. The average number of pigs per flacreased from 25 in 1960 to 1
300 in 2006. (Table 1) The scale increase in pggfgrm was accompanied by a
decrease in the number of farms, from about 12092960 to 9 040 in 2006 (Table
1), a 92% drop.

1960 1970 1980| 1990 2000| 2006
Number of pigs (million) 3.0 5.5 10.1 13.9 13.1 11.6
Number of farms with pigs 119 46975 674| 44 127| 29 210| 14520/ 9 040
Average number of pigs per 25 73 230 480 900| 1300
farm

Table 1: Number of pigs and farr{GGroenestein, 2003, De Bont and Knijff, 2007

The sector is thus characterized by a strugglsudorival, with strong cost-
competition driving further scale increases. Constsnand supermarkets contribute
to the strong cost focus in the sector. For supdaets, meat fulfils the role dfaffic
generators advertised at low prices, meat should seducemsests to enter their
shops, assuming they will also buy other produdtis larger profit margins. (Hoste et
al., 2004, pp. 7-8) This practice creates strorgkward pressure from supermarkets
to farmers to produce meat as cheaply as possiwe cost therefore is a guiding
principle in pig farming.

Specialization in pig farming has led to two sulsteyns: (1) fattening and
meat production and (2) breeding, which focusesaws and piglets. Over the past
decades, the Dutch breeding sector has also beaomméernational player, growing
from virtually no exports in the mid-1980s to amaal export 4.5 million and 5
million piglets in 2006 and 2007 respectively. (Bak and Wisman, 2008)
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Pigs to be fattened were kept in groups of abaldzzen in units separated from each
other by metal fences with an average floorspade®hf per pig until 1998. (This
was later raised; see below). In their small carhients pigs experienced boredom
making them bite the tails of neighbours, resulimgsounds and infection. To reduce
this problem, tails were often cut off and teetmomonly clipped. Furthermore, male
piglets were castrated (without using aneasthbecpuse for boars sex hormones
may cause a bad smell when cooking the meat (lmoall)s Recent research indicates
that the problem is largely overstated and thatsgptnel of consumers could not
detect the diffence between two samples of boat nfeahich, according to a group
of experts, one suffered from boar smell. Neveds®lthese images are persistent in
the market where certain wholesalers pay lessdar lmeat and some won'’t even
accept it at all for fear of boar smell. (Backus &altussen, 2008)

Dry sows were kept differently because of eatingitsaGenerally, pigs
continue eating when food is available. Mature sdwsvever, do not grow larger but
get fatter. To give them limited rations, sows weeet individually, sometimes in
boxes separated from each other. Another optionsems-open stables with fences
between the animals in which they were tethergtiédloor with either a chain or a
belt fixed around the shoulder.

Contestation from outsiders

Since the early 1970s, the shift to industrial n@assluction methods in pig farming
has been accompanied by criticism from speciak@stegroups that represented new
societal values such as animal welfare and the@mwient. In 1972, the opening of a
model pig farm (de Flevohof), intended as the pafithe livestock sector to inform
the public about progress in animal husbandry, ialsoked strong protest against
industrialized living conditions of pigs and gavserto the creation of an action group
‘Sweet Animal’ (‘Lekker Dier’). The same year, tReundation for Nature and
Environment published a critical report calBid Industrythat warned that pigs were
no longer seen as living creatures but as resoarc@&put materials for industrial
processes. The term ‘bio industry’ was coined eeébly to frame the damaging
effects of industrial methods on farming. The rédso drew attention to stench
problems, pollution of water and soil from manunepduses, and damage to the
natural landscape (Crijns, 1998).

The Animal Protection Society (APS; ‘Dierenbescheqt), a respectable
NGO established in 1864 with over 200 000 membeds7® staff members in the
early 2000s, (APS website) also saw industrial ahimisbandry as a step backward
for animal welfare and favoured keeping animalatiag to organic principles. In
the 1970s, organic pig farming constituted a smatket niche of about 1%, carried
by small subsection of ‘moral consumers’ who weiléng to pay about 30-40%
more for organically produced pork. This meat cdrom animals that were kept in a
more ‘natural’ environment, had room to play andldaxhibit their natural
behaviour. This organic niche expanded to aboutr2éte early 2000s.

Initially, animal welfare concerns were downplayedl ignored in both sub-
sectors (fattening pigs and breeding), causindgiging to remain on its existing
‘reproduction’ path. In the late 1990s, howevee, $lab sector of dry sows, that were
initially kept in individual boxes, began movingdgooup husbandry systems. This
entailed the adoption of new technical feedingesyst which constituted a
‘reconfiguration’ path. New national and EU regidas mandate that by 2013 this
transformation should be completed for the wholessator.
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In contrast, changes in the fattening pigs subesdwve been less substantial,
consisting mainly of regulatory changes that syesiimewhat more space for pigs
(from 0.7 nf to 0.8 nf in the early 2000s) and some other provisionss @ifference
in outcome is not for lack of efforts, because wets have developed a broad variety
of alternatives, including moderate reconfiguragiah husbandry systems (Hercules
stable, Comfort Class stables, Canadian Beddingle#isas radically alternative
practices (organic pig farming).

To explain these contrasting paths, we will analyae social movements
increased the normative pressure on both sub-seetiod how different alignments
with regulatory, market, technical and socio-cudtyrocesses led to different
outcomes. Subsections 3.2 and 3.3 successivelyzenthle dry sows and fattening
pigs subsectors and their responses to rising dnveléare concerns.

3.2. Animal welfare and innovations in dry sow husandry systems

Rising expectations on group housing (1980-1990)

In 1973, the Ministry of Agriculture established@@nmission “Animal husbandry —
animal welfare” to investigate how dry sows wergtkén 1975, the committee
published a report that concluded that sow huslyamaill some weaknesses, which,
however, could be remedied with various technicahns. (NRLO, 1975) In practice,
however, little changed in the following years.

The debate intensified in the early 1980s. In 19@2APS released a study that
was very critial of sow husbandry, focussing onicéd sows stating: “The short
chain only allows the sow to stand op or lie doWwarning around or walking a few
steps is out of the question.” (Dierenbeschermii®9§2, 7) The study concluded that
the way sows were kept in the Netherlands was ‘detaly unacceptable’. (p.41)
With various campaigns, the APS tried to generatdip awareness. For this they
developed a new problem framing using the catcing tehain sow’ for the dry sows
that were tethered to the floor. This term andabeompanying images struck an
emotional chord in public opinion which felt thhetse animals deserved better
treatment. (Figure 3; Interview Van de Berg)
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Figure 3: ‘Chain-sow’ (Dierenbescherming 1982, f) 2

Shortly after the release of the APS report, thaiddiy of Agriculture set up a new
commission for pig welfare issues. Its 1984 repa@s$ also quite critical on sow
husbandry. (Commissie Welzijn Varkens 1984) The ARBed discussions with the
ministry and the pig industry on how to move foredvdn 1986, they came to a joint
agreement that individual housing of sows shoultbbee forbidden as soon as
‘acceptable systems for grouphousing would be alukal. (Dierenbescherming,
1999, p. 21)

To realise this, he ministry started working orufetlegislation. (Werkgroep
Voorlichting Welzijn Varkens, 1988) Furthermord, ralsearch into housing of sows
was integrated in a national programme. In theopet©87-1990 a research project
was carried out at the Research Institute for Rigldandry at Rosmalen, comparing
individual systems with a group housing system.tRerlatter, the main innovation
needed would be a system to feed the sows indilydiBuch a system already
existed for cows which was adapted for dry sows ifitial design consisted of an
open space where the sows were kept in groupsviistonnected to an ‘elelctronic
sow feeding’ (ESF) station with individual boxes @access gates where each pig was
fed a specific ration. After feeding, the sow wobhi/e to step out to the shared space
and a next one could enter to be fed. Various obmmgere made to the feeding
station in the course of the project. (Bokma, 1990)

During the same period, triggered by the public political discussion,
several farmers agreed that individual sow housiag not very friendly to the
animal. In the late 1980s, in parallel to the reste@rogramme, some of them started
to convert their stables to a Rosmalen-like systEmeir numbers grew at a modest
rate until a total of several hundred, some 5%eftotal, by 1990. (Interview
Vermeer)

Stagnation and decline (1990-1997)

Gradually it appeared, in research as well asactpre, that group housing had
serious problems. The reason was that the basigndess copied from the cattle
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sector, without taking into account that pigs behdiferently than cows. While cows
tend to wait their turn to be fed, sows are prepaoeight for more food and eat as
much as they can. If one sow was eating, for it&aa stronger sister bit her in the
rear to chase her away and started eating a seabod. Further research would be
needed to explore this further. (Backus et al.,1}99

In the early 1990s, several pig-farmers, who hasileddo group-housing,
shifted back to the individual system. About hdlfreem, however, stuck with the
concept. These pig farmers had developed speaiincifg skills for successfully
keeping pigs in groups. (Interview Vermeer)

Scientists at the Rosmalen research institute rmoad to investigate group
housing systems. The fact that some 2% of the fierimed no serious problem with
the group housing suggested that the system coutlkl despite its bad image. APS
and the scientists also referred to the UK wheoeigthousing was more widely
applied and a new bill would enforce it by the efithe decade. In the early 1990s,
the scientists occasionally interacted with theigtig and the APS on research
findings and on shaping further research. By 19@§ tad developed and tested a
second generation of group housing systems, exglalifferent variants.They
concluded that group housing was now ready fortalause but that it would
require new manegerial skills from the pig farn{Backus et al. 1997)

The sector and the ministry, however, showed argwarm interest. At the
time, there was much more societal concern foradighof manure and emissions
from the bio industry than animal welfare which wather low on the political and
societal agenda. (Interview Vermeer) Thus, in teofnsur conceptual vocabulary, the
political opportunity structure that had been fanadile to group housing in the late
1980s, had disappeared in the mid 1990s.

According to one involved researcher it was alntalsbo to talk about group
housing in the mid 1990s. In his view this was thua surplus of eagerness to move
to group housing in the 1980s, an eagerness shareertain pig farmers and the
ministry. They used crude concepts adapted froncdkiée sector and then found
these did not work very well. This eventually ledsector-wide hostility towards
group housing of dry sows in general which was iggfale to counter with results
from further research, no matter how hard the s$isietnied to show that the second-
generation system worked well. (Interview Swinkels)

Swine-fever and the shift towards reconfiguration (1997-2007)

After 4 February 1997, the polical opportunity sture changed again due to an
external shock. The trigger was an outbreak of evi@ver in the Netherlands that
spread rapidly. On numerous pig farms, all pigsewelted and cranes were used to
load dead pigs onto huge trucks to take them tobaes's. These scenes were
broadcasted widely on television and stimulateigiedyl societal debate. In total, over
11 million pigs were killed including almost 3 nh 3-17 day old piglets. (Ministry
of Agriculture data, cited in Dierenbescherming99947) Many, including
politicians as well as the public, felt somethieglty had to change in the system of
animal husbandry.

Within a few months, new legislation was drafted adopted that would
make group-housing compulsory in ten years, i.2008. The sector protested
heavily but did not stand a chance against theetaland political pressure and
determination. LTO, the sector representativejsedlthat it made no sense to fight
this change further and that it had to find waysform farmers on how to make a
smooth transition. They organised meetings withfargners throughout the country
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at which the Rosmalen researchers were often ohttenform the attendees of their
findings. The unrest lasted about half a year aed gradually disappeared.
(Interview Vermeer)

Market forces also played a role in the change tdsvgroup housing. The
crucial economic factor was the export of Dutchkgorthe UK. As of 1 January
1999, dry sows in the UK would have to be keptriougs. UK pig producers, animal
welfare and consumer organisations put pressutbeoBritish retailers to sell only
bacon and other pig meat that would be produceudaduction chains with group
housing facilities for dry sows. They were succalsahd because the UK formed a
large export market for the Dutch slaughter indusiey got an interest in ensuring
that a significant share of Dutch dry sows wouldkbpt in groups. (Vermeer et al.,
1999) This made Dumeco, then a major slaughter aosnthat later became part of
the Vion group, give a bonus to farmers who keptsiws in groups. (Interview
Swinkels) Thus, the normatively driven innovatiarthe niche aligned with market
developments in the regime.

Also at the European level, pig husbandry becameaeases matter of
concern. The European Commission enacted new temdahat resembled the
Dutch although they lagged a few years. New EU ledigun forbade keeping dry
sows on chains as of 2005 (2001 in the Netherlaaig)y 2013 all dry sows in the
EU should be kept in groups. The Dutch pig seatgued that this meant unfair
competition as for them group housing was compulbgr2008 and to comply, the
date has been changed to 2013 in the NetherlansislagEnting, et al., 2006)

3.3. Animal welfare and innovations in pig fattenig husbandry systems

Downplaying criticism; low animal welfare interest (1970-1997)
In the early 1970s, animal welfare groups critidipgg fattening husbandry systems
of on a range of issues:

» Keeping large numbers of pigs in small units;

* Not allowing pigs to go outside;

» Bare, concrete floors where pigs could not root;

» Cutting tails and teeth;

» Castration without using anaesthetic;

* General aversion towards the bio industry (treagéinignals as commodities rather

than living beings).

Responses from the sector claimed either that enadlere not that bad or that
economic pressures made it impossible to changan&i@nce, letting pigs outside
would make them more susceptible to diseases akd tha controlled disposal of
manure, urine and atmospheric emissions problen@ticering the floor with straw
would also worsen the manure problem and make iclganore difficult.

For the Dutch government, economic consideratioesgied over animal
welfare concerns. Internal criticisms were silenbgdhe Ministry. In 1972, one
researcher at the Institute for Animal Husbandrgdech wrote a report that noted
that pigs were biting each other’s tails and easabse of boredom and stress, related
to confinement in small spaces. The Ministry stappeblication of the report and
forbade the author to speak about it in publicij&y 1998)

Animal welfare received little political and socattention in the 1980s and
early 1990s, because the agenda was dominatedabgnating manure problems. In
1984, stench and water pollution problems weréigsismellable, and pressing. That
year, the CBS (Central Bureau of Statistics) phieltsa manure report that the

112



Ministry of Agriculture had tried to hold back farany years. (Frouws, 1994) This
report crystallized societal frustration and ledhigh political pressure for change in
relation to environmental issues.

Animal welfare concerns, however, such as stress tvercrowded stables,
were placed on the backburner. An EU-directive gigelcan average space of 0.65
m? per pig, just enough for a 110 kg pig to lay doWhe Dutch standard was slightly
better, namely 0.7 frper pig. This did not damage Dutch competitivertessause, as
experience indicated, pigs do not grow well if tihaye too little space. (Interview
ten Have) The APS frequently argued for furthereases of floor space to enhance
animal welfare. The sector representative LTO opgdkis, arguing that additional
costs would undermine the Dutch export position wedDutch ministry concurred.

Renewed contestation and gradual transformation (1997-2000)

After the 1997 swine fever outbreak, NGO and pupimest against the bio industry
intensified. The same year, two new NGOs emergéad avmore radical agenda than
the APS, notably Awake Animal (‘Wakker Dier’) an@y® in Despair (‘Varkens in
Nood’). Both groups sought to end the bio indusitggether.

In this context, animal welfare concerns rose rigmad the public and
political agenda. This societal pressure ‘to doettving’ and the political
determination to be strict, led to tightening rulekich constituted a gradual regime
transformation path. Although economic considersticemained prominent for the
government, more attention was given to animal avelfssues.

To understand the discussion on regulations #lesvant to know that many
laws and regulations in the pig sector are commume&ning that regulation is laid
down in directives of the EU. Member states havieanslate these into national legal
and administrative measures. In relation to pigave| the relevant EU directive is
91/630/EEC that specifies a minimum floorspace.650rf per pig. (Enting et al.,
2006)

Since 1994, the Netherlands had specified a sontestinzter rule, notably
demanding 0.7 fper pig. Furthermore, the Dutch ruling (‘Varkenslbé') specified
that in due course it would be forbidden to keegsmn floors that were 100% slatted
(to collect manure and urine in underlying cellaFr new stables, 0.3%per pig
would have to be solid and by 2003 fully slattexbfs would be prohibited. (Spoolder
et al., 2003). The EU directive does not have suplovision.

Shortly after the outbreak of swine fever the Dugokernment decided that in
1998 the floorspace standard would be raised t 4nmi that by the year 2000 the
mandated solid floor area would be 0.6 LNV 1999) The sector protested heavily
as this implied they could keep 35% fewer pighm$ame area as their European
competitors. The Dutch government conceded anduthe were somewhat relaxed.
As of 2008, new stables would have to provide 0*%er pig which would become 1
m? by 2013 with the solid area having to increase.4onf. (Enting et al., 2006)
Another new rule, specified in the EU directive swhat as of of 1 January 2003 pigs
should have permanent access to a sufficient qyaritmaterial “to enable proper
investigation and manipulation activities, suctstiaw, hay, wood, sawdust,
mushroom compost, peat or a mixture of such.” ¢ignét al., 2006) As stated,
member countries had to make their own interpi@tatof these directives and the
Dutch ruling was far less precise. The typical 8otuin the Netherlands was to hang
a chain in the sty that pigs could bite in and pualiwhich was allowed by the Dutch
regulation. (Interviews Van de Berg, De Greef)
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Pig farmers were anything but happy with the negulations, especially the
2013 rule of 1 rhper pig. They argued that this would underminér thempetitive
position in the international market. Going frone tinimum of 0.7 rhfor existing
stables to 1 fwas expected to cost € 75 per pig-place which@@d& eurocents per
kilogram to the price of meat. Because this wasenooiless the profit farmers made,
this was not considered economically viable. (Witavs Ten Have, Swinkels)

Further contestation and attempts at reconfiguration

A concentration of animal diseases in the late $38@ early 2000s (swine fever,
BSE, foot and mouth disease, bird flu) further detated the public image of
industrial animal production. In 2002 it led to@wnpolitical party that exclusively
focussed on animals. This Party for the AnimalsufiPvoor de Dieren’) participated
in the 2003 general elections but won no seat2006, they were more successful,
gaining 2 parliamentary seats out of 150. They wepported by a wide variety of
public figures including authors, artists and T\fqmmalities. This strategy of network
building increased their visibility and legitima@nd enabled them to influence
public debate.

Since 2006, the party has bombarded the ministity parliamentary
questions on all sorts of issues relating to anivedfare. (cf. website
www.partijvoordedieren.ITheir visibility also required other political giees and
the Minister of Agriculture to become more outspoka& animal welfare issues. In
2007, animal welfare issues also received moratatteat the European level,
leading to debates about raising the EU floor sgtaedard from 0.65 fito about
0.75 nf by 2013. (Interview Ten Have) Thus, a new polltmaportunity structure
developed for animal welfare issues and innovations

In response to these new social and political piress the pig sector set up
image campaigns like ‘Pigs in Sight’ (‘Varkens iiti@t’). Some pig farms were
equipped with sky boxes where the public could Wahe stables and behaviour of
pigs. This campaign was intended to convince th@ipthat pigs were treated well
and that there was no reason for change. (Intesv/fminkels, Van de Greef)

While political actors and pig farmers focused mnfing processes and
regulations, which mainly led to transformationhsatoutside actors worked on
innovations that might contribute to more substmgconfiguration paths. These
innovations involved new components and husbangstems (mainly developed by
engineers and scientists in various researchutsst and new market segments
(mainly developed by new retailers) that will bealissed in the following sections.

Alignment with technical development: alternative pig husbandry concepts

Some alternative stable concepts such as ‘Can&#idding’ (see further below) were
modifications of mainstream concepts but first wi @iscuss two more radical
concepts, notably the Hercules stable and Pigomf@rt Class.

Hercules stable

WUR scientists, outsiders in our analytical framekyatarted the Hercules project in
1998. Their approach was based on the expectdtairemission legislation would be
tightened in the future. Furthermore, after the7188tbreak of swine-fever, tighter
animal welfare rules would also require new husbacdncepts. (Ogink et al., 2001)
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Processing of manure became a focal point in tsggdend communication on the
Hercule$’ project. In a conventional pig stable, most offther space is slatted.
Manure and urine fall on the floor and are preskeough it by the pigs walking
around. It is collected in underground cellars fr@hich it is retrieved to be disposed
of. Because of the large slatted area it is prohtento use straw since that will clog
up the openings. For animal welfare reasons, tlrergment intended to increase in
the solid floor area which farmers were not hapjhwrhe larger the solid area the
more effort they would have to put in cleaning filoer.

One of the focal points in Hercules was to desiggstem for separation of
manure and urine. The technical approach was teldewa slightly convex moving
manure belt under a row of pigpens. The liquidtfoac(the urine) would drip of from
the sides and was collected underneath while the fsaction (the manure) was
collected at the end of the belt in a concentrétea. (Ogink et al., 2001)

There were several societal advantages to thismystirstly, the early
separation of solid and liquid fractions led tagngicantly lower production of
ammonia. Furthermore, this separation was an irapbfirst step in the separation of
minerals since the liquid fraction (the urine) Harcbntained phosphor. There were
also animal welfare benefits. In view of costss timoving belt could not be too wide
implying that the slatted part of the pigpen wheaigs should relieve themselves
should also be smaller. This had the advantagehbet was more solid floor space.
The concept provided 17of floor space per pig (25% more than the regdlate
standard) of which 75 % was solid. This floor cobé&lcooled or warmed by running
either cold or warm water through hoses in therflém increased area of solid floor
could also be better combined with the use of stsweh had become an icon in
animal welfare. Pigs like to play with straw, chewit and root in it. Part of the
Hercules design was a device called the ‘straw gwitigs could play with it with
their snout for which they were rewarded with s@traw. Because of these
provisions the Hercules concept was expected sobee 5-10 % more expensive
than a conventional stabifter some years of research and development thi ey
Hercules system was considered “complex but feaSitohn den Top et al., 2005)

The business studies school from WUR explored theket introduction of Hercules.
In parallel with the technical research they caroet surveys among pig farmers to
assess their judgement. These farmers were qusteveoabout the reduction of
emissions and the processing of manure. They latagyht the concept was close to
what consumers desired but had serious doubts abeugy use (the concept used
various active systems that consumed energy) ambeuc profitability. (Joldersma,
2003)

By 2005, when the technical research was finistredyorld of pig farming
had changed significantly compared to the 1990khodigh animal welfare and
environmental concerns were still clearly presarthe societal and political debate,
they were less prominent. The sense of urgencyhtiifollowed the 1997 outbreak
of swine fever and other animal deseases had laigppeared. In 2003, a new
government had taken office that strongly emphdsisgegulation. So, when the
Hercules concept was considered ready for praaism| the aligment between the
political process and normative pressure had westkeansiderably. As a result, the
project results were shelvéd.

" Named after the Greek hero who was awarded theeetatus for his heroic deeds one of which
was to change the course of two rivers to clearkitiggs pig stables. For a detailed description and
analysis of the Hercules project see Bos and G1@82

8 More precisely, Bos and Grin (2008) have identifige factors why it didn’t take off.
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Pigs in Comfort Class

The ‘Pigs in Comfort Class’ approach was also amgde of normative pressure
aligning with technical development. In the yea®@0the APS proposed an activity
on ‘animal centred design’ to the Ministry of Agrlture within its long-term
programme on ‘Animal Production 2030’. The minisaigreed and a desk study was
started by APS and WUR-researchers (another grampthe one working on
Hercules) to explore this. They took pig husbarayan example to elaborate the
methodology. The methodology started by identifytieig basic needs of pigs that
were translated into various technical solutiongctvhtogether, defined the stable
concept. The main conclusion of the study wasithaas possible to take animal
welfare as a starting point to design stables hatit could be assumed that in such
stables animals could also be kept in an econolyiciable way. APS proposed to
LTO that they could try to build such a stable tbge, to prove that it could indeed
be done. LTO, feeling the societal pressure to ldpveew forms of husbandry,
accepted. (Interviews Ten Have and Van de Berg)

Although they agreed on building the stable theeeendifferences in the
visions of the partners. LTO saw the project pritgas a research project that might
have an impact in the long term. APS, however, difoea stable that could operate
within the existing system and be economically Maginterviews Ten Have and Van
de Berg). Eventually, a compromise was developé&ddsn aiming for the long and
the short term. First, a demonstration stable wbelduilt to demonstrate the
technical viability. Then pigs would be introdudeddemonstrate that they were
actually better of in the new stable. After thatefpig farmers would be sought to use
the new design principles in their own stable aechdnstrate the economic viability.
Thus, it was not only a research project but it Mf@lso have to operate in practice. (
LTO and Diernebescherming, 2006)

This eventually led to the development of a newlstaoncept called Pigs in
Comfort Class (PCC) with a term derived from theatdon sector. Regular stables
were basically designed according to economicrait@ousing pigs in ‘economy
class’. In contrast, the new stables were calledhfort class’, because pigs were
much better off. (Interview Van de Berg)

The PCC-approach specifies the 10 basic needgsf Ipiit it does not
prescribe technical solutions to satisfy these se@d’ O and Dierenbescherming
2006, 4) To give an example, in a popular visiagspiave a need to be outside and
roll in the mud, allegedly because they are dirtiyreals. The PCC approach,
however, looks at the reasons behind this behavitigs do not roll in the mud
because they are intrinsically dirty but becauseiives two very useful functions for
them: it helps them to cool down when it is warnd érfrees them from skin-bugs
which they pick up walking around. Cooling down @dso be realised by other
means, e.g. by cool air, a cooled floor or an dooas cold shower. When kept
indoors, pigs are hardly pestered by skin-buggshBmeed specified is the need to
cool down when it's hot and there can be varioukneal solutions to satisfy this
need. (Interview de Greef)

In Raalte, in the province of Overijssel, the destmation stable was built in
2006. The specification of needs resulted in arfapmce of 2.4 fiper pig, three
times the regulated standard. WUR animal scientmtsidered this area necessary to
provide pigs with various function areas for eatisigeping, playing and relieving
themselves. (De Lauwere and Luttik 2006) LTO wasvamed that the large floor
space could not be upheld in practice on econonoigrgls but it wanted to stretch the
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design for the demonstration project to assess thigtight lead to. (Inteview Ten
Have)

The next step would be to gradually strip the desigsome of its features
until a concept would be reached that was congidecenomically viable. The first
results indicated that this was possible at leasbme respects as pigs tend to mix
function areas and would therefore need less spiterview Ten Have)
Mid 2007, five farmers were chosen who would imptatthe PCC concept in their
own stables and receive a subsidy for the extratbeg would have to make. They
did not build new stables but refurnished somesuéther than the whole stable).
Following the PCC philosophy of specifying needbeathan solutions these farmers
applied various techniques to satisfy the needs\eSchose a bedding stable, another
applied natural ventilation, again another jusdugseonventional stable and made a
few small modifications. Strikingly, none of themplemented anything near the 2.4
m? per pig considered necessary by the scientistshetavas used in the Raalte
demonstration stable. (Interviews Van de Berg asdl Flave)

Alignment with market developments

The Dutch Ministry of Agriculture has high expeatat of the PCC concept. Late
2007, the Minister of Agriculture published a whiigper on animal welfare which set
the goal for 2011 that 5% of the animals shoul#dyat in ‘integrally sustainable’
husbandry systems. (LNV 2007, p. 5) It was not Bigecwhat this meant but for pigs
the solution favoured by the ministry was to folldve Pigs in Comfort Class
approach. (Interview Steegmann) The white papacates that this should not be
achieved via regulation but via interactive proesssith participation from all
relevant stakeholders in combination with marketcpsses. But it remained unclear
how the take-up of this concept would occur in @@ewhere economic
considerations thus far constituted an insurmouatadrrier. One concrete approach
focused on consumers. Via various communicationpeagns (one using bilboard
posters stating: “The animal cannot choose. Yoli'ran appeal was made to the
consciousness of consumers to pay more for alieetyproduced meat, targetting a
gradual transformation of the regime. Thus, theistripaimed for an alignment of the
normative pressure with technological and markeeigments.

The major stumbling block for new husbandry systekat they raise the
price of fattening pigs in a market that is extrgne@mpetitive. As an extra barrier,
especially the slaughtering industry stressesth®atact that only 40% of the pig is
sold as fresh meat creates an additional obsfBckeremainder goes into a wide array
of processed products - sausages, ingredientsgHer meal products (e.g. soups), pet
food, gelatine, cosmetics, etc. (Hoste et al. 209423) These have to compete with
comparable products from often unknown originsreffieat bottom prices. As a
result, the additional costs made can only be rexau/via the 40% of fresh meat
which would then have to be disproportionally rdigeprice. (Interview Jansen)

An alternative market segment is the organic nigltle far stricter regulations
for raising animals. The chain is largely separdteoh the industrial animal
production sector with specialised slaughterhousegnic shops and some local
markets. In 1999, 22 parties in the organic pigaemoncluded a covenant for an
upscaling of the organic sector. This included Allbeeijn, the largest supermarket
chain in the Netherlands, but sales in the earQp2Qvere disappointing, causing
Albert Heijn to loose a lot of money and drop &ading role. Pork in this sector is
about 40% more expensive than regular and curreadyabout 2% of the overall
market. Actors in this niche are very outspoker thay want all animals to be kept
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according to organic principles and therefore amef substitution of the existing
regime but the expansion stagnated in the earlp20®leeusen et al. 2005, 127-143)

Although the APS favours organic husbandry, it @lseks to improve the
situation in the industrial animal production sectttempting to find a compromise
that many in the organic niche would abhor it hasked with a relatively new Dutch
retailer, Jumbo supermarkets. Jumbo is family owawdpany, a relative outsider in
the supermarket world that seeks to profile itealh low prices and care for quality
and sustainability. On its website, Jumbo has sg¢yages addressing “responsible
food” which also provides information on how anisate kept for some of its
‘responsible’ products and contrast this with theibdusty?®®

One example is that Jumbo sells a special typ®, mext to regular pork,
that comes from pigs that are kept in so-calledadan Bedding stables. This
concept was developed in the Vancouver area inenestanada where there are huge
forests and a large lumber industry. This induptoduces a lot of sawdust that local
pig farmers use as a bedding in their stables. i§lgsft for pigs to lie on and gives
them something to root in and chew on. This conbaptalso been adopted by a small
number of Dutch pig farmers. Jumbo has embraceddheept and now sells meat
from pigs from one farmer who houses pigs in thetables, calling it “Jumbo
conscious pork”. APS has designed a special qualigl that Jumbo is allowed to
use. This meat is about 15% more expensive thacatygupermarket pork. In 2006,
Jumbo started to sell it in six of its shops bu2@®7 extended this to all of its over
100 outlets? (Interview Van de Berg)

This Jumbo conscious pork is an example of whealied an ‘intermediary
market-product’, i.e. between organic and regutakpMeat in the intermediary
segment comes from pigs that are kept under spddietter circumstances than in
the mainstream and as a result this meat wouldidiglg more expensive. One of
APS'’s strategies is to expand this segment. (IiderWan de Berg) The Dutch
Ministry of Agriculture sees such an intermediaggmment as an important lever that
could help the PCC concept break through. (Inteng¢eegmann) In accordance with
the emphasis on deregulation since the early 2@B8government expects that an
alignment of normative pressure with market entinetogical pressures should
suffice to embark on a reconfiguration path for Ipiggbandry.

4. Conclusions

The research question was: How does the alignnfenti@asing normative pressure
with other processes lead to the enactment ofrdifteransitions pathways? We can
now answer this question for the two empirical sas&plaining the different
outcomes with the conceptualizations from section 2

In the case of dry sows, normative contestatioms fiNGOs and animal
scientists reached their aspired goals becausehithm sow’ is now forbidden and the
practice of keeping dry sows in groups will be lgganforced as of 2013. In the case
of fattening pigs, normative contestations had sg<sess, leading to gradual changes
in floor space (from 0.7 fper pig via 0.8 mfor new stables as of 2008 and 1im

29 http://www.jumbosupermarkten.nl/page/page.aspxtte2639

%0 A brief history of this episode and the APS inwhent can be found at the APS website:
http://www.dierenbescherming.nl/dier-en-welzijnAalustrie/varkens/jumbo-bewust-varkensvlees
Jumbo’s perspective can be found at the websiteeipreceding note.

118



2013), a slight increase in solid floor space ih2@nd the provision of toys. Various
alternative husbandry concepts were developedibutat diffuse widely.

To explain these differences, we will look at twaimprocesses: a) increasing
normative pressure, and b) alignments with or @pdis to economic, regulatory,
socio-cultural and technological niche developmehtsanalyze normative pressure,
section 2 proposed the concepts of: 1) resourcelization, 2) (political) opportunity
structures, and 3) framing, which was sub-divided focus, empirical credibility,
cultural resonance and emotional appeal. Let useaddhese issues in turn.

Ad 1) Resource mobilization occurred more or lesslarly in both cases, so can not
explain the difference. In both cases, the Aninratéttion Society (APS) sought to
mobilise public opinion and exert political pressut interacted frequently with
policy-makers and sector representatives, stressatganimal welfare required a
change of husbandry concepts. Networks betweealsoovements and (outsider)
animal scientists were also present in both cagiés the scientists voicing criticisms
and developing alternatives. In the fattening pigse, APS performed additional
work by teaming up with LTO, the (pig-) farmers regentative, to demonstrate an
alternative concept (PCC). So far, this had reddyilittle effect on wider diffusion.
Ad 2) Political opportunity structures were alsormor less the same for both cases.
The shock of the swine fever outbreak in 1997, Wwipimduced television images of
massive numbers of dead pigs being loaded ont&gmith cranes, provided a
window of opportunity in both cases. While alterwas$ in sow husbandmid take
advantage of this window, this did not happen &bteining pigs. This not only shows
that shocks areot sufficient to produce wider change, but also timing and
alignment with other processes are crucial (seeWjelThe emergence of the Party
for the Animals in the early 2000s was another glean political opportunity
structures that similarly affected both cases aoteiased the political salience of
animal welfare concerns.

Ad 3) Framing processes differed considerably fithlzases. Firstly, the framing had
morefocusfor dry sows, both in terms of problems (the ‘chedw’) and solutions
(keeping dry sows in groups). For fattening pigs, framing was less focused,
because a wide variety of animal welfare problemgygled for attention.
Furthermore, animal welfare problems competed saiigtainability issues related to
emissions (ammonia) and manure disposal. This mdéiof problems led to variety
in the niche of alternative husbandry concepts,tgHercules stable, Pigs in
Comfort Class, Canadian Bedding. The variety obf@mms and solutions for fattening
pigs limited the focus and strength of framing sses for this case.

Secondly, framing processes had strorageotional appeadior dry sows, especially
through the catchy term of ‘chain sows’. The pufghiclicy makers and even some
farmers agreed that a sow with a chain or beltraddhe shoulder was unfriendly to
the animal. The APS used this powerful image tic@ete a moral framing of
unacceptability. The alternative (group housing$akso well framed by linking it
with notions of pigs as sociable animals. For fattg pigs, in contrast, the framing
was less successful in terms of emotional appeath&rmore, the pig farmers,
especially their representative LTO, were more sssftll incounter-framingor
fattening pigs than for dry sows. For fatteningspithe farmers argued that strong
international cost-based competition prevented tirem adopting the more
substantial animal welfare innovations that woalde costs and reduce
competitiveness. Initially, in the early 1990s caicter-framing strategy also worked
successfully for dry sows (“experience shows piggroups is a disaster”) even
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though proponents pointed to 2% of the sow farmaojsulation who had
successfully implemented the alternative in practic

This latter counter-framing lost its strength whiee general problem framing
gainedempirical credibilityandcultural resonanceéhrough the swine fever outbreak
in 1997. Other animal diseases and food scandditeilate 1990s further
strengthened general concerns about intensive apneduction mobilising public
opinion as an additional resource to put pressangatitical and regulatory processes.
Even though swine fever was not directly linkeduwtamal welfare problems, the
crisis resonated with the general idea that ‘somgttvas wrong’ in pig farming
practices and thus strengthened the general prdioéening. However, this general
framing applied both to dry sows and fattening paysl thus does not explain the
different outcomes.

The conclusion from this analysis is that normapuessure for dry sows was
stronger than for fattening pigs, mainly becausditbérences in framing. While
resource mobilization and political opportunityustiures also increased the normative
pressure, they did so more or less equally for bates.

However, the increasing normative pressure, whidkes over to public
opinion and created credibility pressures on pati@kers, is only one part of the
explanation. For the other part, we will returrthhe second part of our research
guestion which concerns the degree of alignmenbaihative pressure with
economic, regulatory, socio-cultural and techna&atelopments and how different
combinations may induce particular transition patisv

The shift to group housing for dry sows constituaedconfigurationpath,
because it entailed a change in practices - thegsment of sows required farmers
to develop some new routines, which many of thatrally resisted - as well as
development and adoption of new technical compan@specially new feeding
systems that separated eating sows from each oftier3,technological changwas
important, especially technical improvements amadbiization in the shift from first
generation (late 1980s) to second generation (ra@B4). The technology
experienced a hype-disappointment cycle, with fasrhaving high expectations in
the late 1980s, causing about 5% of sow farmessifbto group housing. Teething
problems with the first generation feeding systéedsto disappointments, however,
causing a decline in group farming to about 2%. Mecond generation components
were developed, negative perceptions of group hgusad hardened, which
frustrated further diffusion. The swine fever shatk 997, however, provided a
window of opportunity, which group housing took adtage off. Spillovers to public
opinion led to credibility pressure on policy makerho were expected to do
something. Policy makers then issstieng regulationghat made it compulsory in
10 years time. Farmers protested, arguing thattagsnot possible and would reduce
competitiveness (counter-framing) but NGOs andgyainakers could overrule these
protests, pointing both to technical progress (sd@eneration) and the 2% of
farmers who showed that such concepts could beeapgliccessfully. Alsmarket
forcesplayed a role, especially from UK supermarketsi¢iiaced more radical
animal rights groups) who in 1999 demanded grousimg in relation to imported
bacon. Alignments with technical, market and reguiaprocesses thus helped the
normative pressures to have an effect on sow hdspanhis alignment of varying
pressures is summarised in Table 2.

An additional conclusion from this case is that just thedegreeof alignment
Is important, but also th@ming. It was particularly crucial that the technical
alternatives were sufficiently developed when thiedew of opportunity opened (due
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to the 1997 swine fever shock) and that proponemitd point to some degree of
practical experience (the 2% of farmers who dematedd economic feasibility). Both
aspects enabled policy makers to issue strict a¢iguls that helped push the
alternative through.

For fattening pigs, the proponents of alternatsash as Hercules, Pigs in
Comfort Class (PCC) and Canadian Bedding targettetonfiguration path.
Technical changéor these alternatives was substantial and culi@ihin stabilized
concepts in the early 2000s. At the time of the71&%sis, however, this was not the
case as most innovation efforts in the 1980s hadsied on manure problems rather
than animal welfare. So there were no well-devedogred stabilized alternatives to
take advantage of the 1997 window of opportunity2B05, when the Hercules
project was finished the political interest had g@amd the concept was shelved. Two
years later, with the upcoming of the Party for Amemals the interest rose again and
the PCC concept, that was then in the middle afeteelopment, gained a far better
reception, thus reinforcing the conclusion aboatithportance of timing.

Furthermoreregulatory pressurevas weak or absent in this case, partly
because there were no available alternatives that de pushed through, and partly
because the counter-framing strategies of farnadteriatives would reduce
competitiveness) were more succesddrket demanavas also weaker in this case,
with mainstream consumers not translating morateors into purchasing decisions,
buying instead the cheapest meat in supermarketerR attempts by a Jumbo, a
relative outsider in the supermarket sector, tateran intermediary animal friendly
segment (between organic and regular pork) aregistiag in this respect, but have
not yet produced major successes. In sum, whiketh#ernatives constitute
reconfiguration paths ‘in the making’, the lackadignment with regulatory and
market processes has been hindering broader diffusi

The historically dominant path in the fattening pigh-system has been
gradual transformation, driven primarily by somewstaicter regulations in response
to normative pressure and public concerns. Follgwiee 1997 crisis, and in response
to the accompanying public outrage, governmentladigms mandated increased
floor space from 0.7 fito 0.8 nf per pig for new stables which will increase to4 m
by 2013. Later regulations also specified the ohiion of toys in stables.

Although this appears like a transformation pathsiveuld be careful with this
qualification. For outsiders, the shift from 0.8 to 1 nf per pig by 2013 constitutes a
marginal change that leaves the basic practiceucheal. In their view, this change
constitutes reproduction, not transformation of ghectice. Farmers, by contrast, see
the enlargement as a major change because théotth85% fewer animals in the
same area which puts pressure on the whole chagh&mges which may lead to
more substantial changes later on. This pointsftmdamental problem for analyzing
transitions ‘in the making’. The concept of ‘trati’ points to a notion of substantial
change, which involves some assessment of deppescadicality of change. While
such assessments often can be made for histoasascthis is more difficult for
ongoing transitions ‘in the making’ where differeaators may have different views,
as this example indicates. The categorization gfiecal cases in terms of analytical
transition pathways may thus be difficult and csted.

In contrast to the dominant transformation path,rtdical alternative of the
organic niche can ben seen as the enactment disétstion path, at least in the
intentions from proponents. Despite its 40% higirare its market share grew from 1
to 2% between the 1970s and early 2000s. Stignitained a small market niche,
mainly sold via specialised retail outlets that moé visited or even known by
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‘average’ consumers. This niche has hardly anyamnite on the wider pig sector.
Expansion of the niche would require substantiaicsoultural shifts and changes in
consumer habits and preferences for which themetly no indications.

For different aspects and episodes of the two ¢cdsdde 2 summarises the
degrees of pressure for animal welfare change ftereint dimensions. Normative
pressure from outsiders was present throughotipwdh with different strength for
the cases and periods. The influence on regimegehdmowever, depends on
alignments with pressure for change on other stagbnical dimensions, notably
regulatory, market and technology. The table atews how different degrees of
alignment result in different onsets of analytirahsition pathways. Neither case
followed the ‘de-alignment and re-alignment’ patlywehich is therefore absent in
the table’*

Normative | Regulatory] Market Technology Transition

pathway

Dry sows regime | + + 0 + Transformation

(before 1990) (reconfiguration in
niche)

Dry sows regime | + 0 0 + Transformation

(1990-1997) (reconfiguration in
niche)

Dry sows regime | ++ ++ + + Reconfiguration

(after 1997):

Group housing

Fattening pigs + 0 0 0 Reproduction

regime (before

1997)

Fattening pigs + 0/+ 0 0 Reproduction;

regime (after some groups targef

1997): toys and transformation

somewhat larger

stables

Fattening pigs ++ 0 0 + Reconfiguration

niches (2000s): (no wider diffusion

Hercules stable, as yet)

Pigs in Comfort

Class, Canadian

bedding

Intermediary + 0 0/+ + Reconfiguration

market segment (no wider diffusion

niche (Jumbo) as yet)

Organic farming | + 0 o/+ + Substitution (no

market niche wider diffusion as
yet)

Table 2: Degrees of pressure for animal welfarengeaon different socio-technical
dimensions, and the resulting transition (0 = alds@ = small; + = moderate; ++
= strong)

%! De-alignment and realignment is probably a raréepatas it requires large and relatively rapid
landscape changes (Geels and Schot, 2007).
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Onsets of different pathways co-exist during traoss ‘in the making’, both in
empirical substance and analytical conceptualinatighile some paths are more
dominant than others, the future is fundamentgdgroin the sense that actors may
change their perceptions, goals, and strategigening on social interactions and
the alignment with cultural, economic, politicaldetechnical change. With regard to
directionality and normative contestation in traiosis, the article has not only
highlighted an important and interesting new topidt, also related conceptual ideas
and debates in new ways. Normatively driven tréosststart with pressure from
regime outsiders, which we further operationalicetérms of resource mobilization,
(political) opportunity structures, and framing pesses. This normative pressure in
relation to animal welfare in one case was suct@siastigating a move away from
the default reproduction path of the existing regivhereas in another case this did
not happen. The difference can be explained byihgp&t alignments of normative
pressure with regulatory, market, and technologicziie developments. Thiegree
of these alignments and théming then determine if regime change follows a
transformation, reconfiguration or substitutionhpat

This article has wider relevance for the fieldrmiavation studies, to which
evolutionary economics has made important contivbst While we now know much
about factors that influence general innovativerjeien related to economic issues
of competitiveness and profitability) and the speétechnical trajectories, questions
surrounding directionality and normativity are urdeloped. As Von Tunzelmann
et al. (2008) conclude in a review article on (ae@sin) technological paradigms:

“Evolutionary economists will have to start to aefls such questions if they are to
provide a more realistic view of the world. Theglilight the underdeveloped
normative and political implications that have paget, not properly been developed”
(p. 479).

This article has addressed these questions witimeeptual framework and
comparative case study. To generalise the findwgdiope that other studies will
further investigate the topics of directionalitydamormative orientation, not only in
transitions, but also more generally in innovastudies. The article also addressed
another research challenge identified by Von Tunaehn et al. (2008):

“Finding paradigms after they have become estadliseems to be reasonably easy.
But how to catch them as they form, and managéotimeation and establishment of
new ones, remain very poorly understood and ureterarched” (p. 282)

Our analysis of ‘transitions in the making’ haswhadhat these dynamics are
contested and complex, because of multiple co4iagisiptions the fate of which
depends partly on (strategic) agency and partlgtaurctural windows of opportunity
and alignments with other ongoing processes. Tthesramework presented and
explored in this article lays the foundation fateiresting further research on
normatively driven innovations that is both analgtiy interesting and societally
relevant.
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Appendix

Interviewees

Bert van de Berg, Animal Protection Fund

Bram Bos, WUR-Animal Sciences Group

Karel de Greef, WUR-Animal Sciences Group involie®CC

Annechien ten Have, LTO

Paul Jansen, Vion (largest European slaughter coyipa

Celia Steegmann, Ministry of Agriculture

Han Swinkels, LTO; former researcher who workedymup housing systems
Herman Vermeer, WUR-Animal Sciences Group who wodrie group housing
systems

Participants workshop

We also organised a small workshop to receive faekdio our initial findings with
the people below who were partly sector represeetatnd partly scientists from
different disciplines. The participants were:

Yvonne Cuypers, WUR-Animal Sciences Group

Karel de Greef, WUR-Animal Sciences Group

Robert Hoste, WUR-Agricultural Economics Researddtilute LEI

Woody Maijers, AKK (Agro-chain knowledge)

Jan Merks, Institute for pig genetics

Onno Omta, WUR-Business Administration

The authors of this paper
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6. Conclusies
Auteurs: alle onderzoekers

Aan de hand van het onderscheid tussen ‘globdloeal’ modellen uit de inleiding,
trekken we eerst twee typen conclusies:

6.1. Conclusies over algemene transitie-patromensjde-in’)

6.2. Conclusies over de enactment van transitresdé-out’)

Daarna formuleren we in 6.3 enkele bredere bevgatiren suggesties voor
TransForum.

6.1. Conclusies over algemene transitie-patronero(itside-in‘)

1. Reconfiguratie als specifiek type transitie-proes

In paragraaf 1.3 onderscheidden we vier typen &éisahge transitiepaden: 1)
transformatie, 2) reconfiguratie, 3) substitutie 48 de-alignment en re-alignment. In
de literatuur over radicale innovaties, discontigiteen en transities wordt meestal
(impliciet) verondersteld dat substitutie het erpgel is, waarbij een radicale
innovatie ontstaat in niches en vervolgens hetdaeste regime omver werpt. In
dergelijke transities gaan Dergelijke transitiesdem dan verondersteld een
duidelijke S-curve te volgen (zie Figuur 6.1), wapinnovatieve ‘new entrants’
uiteindelijk de bestaande bedrijven vervangen lfzieSchumpeter’s ‘waves of
creative destruction’ of Christensen’s (1997) dgne technologies).

Diffusion 4
(‘;-9 markef Stabilization of
share) new system
Breakthrough
Pre-development Take-off
(gestation) (accumulating momentum)

»

i
Figuur 6.1: Transities als S-curve met vier fasEnt(na;%eet al., 2001)

Hoewel dit type transities (substitutie) zeker bastsuggereren onze case studies dat
er in de landbouw veeleer sprake is van een andersitie-pad, namelijk
reconfiguratie In hoofdstuk 2 noemen Berkers en Geels (2008)\dischillen met

het substitutie-pad:

“Reconfiguration processes deviate from breakthindugnsitions in three aspects:

1) the process is not driven bypemajor, radical innovation, but byultiple

(component) innovations,

2) these innovations do not compete with the exgssiystem, but are incorporated as
add-ons or component replacements; transitionsdbarot consist of fights between
‘old" and 'new’ technologies, but are more gragu@tesses in which new combinations
of 'old" and 'new' gradually change the systenthitecture in a stepwise fashion,

3) incumbent actors are not swept away by new etst(@s in 'waves of creative
destruction’), but survive the process; incumbetdra enact the reconfiguration of the
system architecture; tltvelopmenof the innovations, however, often is done by othe
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(outside) actors. Hence, the transfer of knowleglyinnovations to incumbent actors is
an important aspect of reconfiguration transitibns.

In reconfiguratie-processen wordt niet de ene pimiindustrie vervangen door de
andere, maar gaat het erom hoe een bestaande tpalaboeren geleidelijk
verandertoor de adoptie en integratie van component-innesabieuwe netwerken
(bv. met suppliers en afnemers) en andere praktigkewikkelen.

* Bij hedendaagse varkenstallen en dieren-welfipo{dstuk 5) gaat het dan om
nieuwe voedingssystemen die groepshuisvestingfeaeugen mogelijk maken of
om varkenstallen waar bepaalde functiescheidingtgdandt (Comfort Class
varkens).

* Bij hedendaagse glastuinbouw en ‘energie uit @& khoofdstuk 4) gaat het dan om
nieuwe warmtewisselaars, pijpen naar aquifers etc.

* Bij de historische transitie naar bio-industnede varkenshouderij (hoofdstuk 3)
ging het om nieuwe voedingssystemen, verwarmingsaien, mestafvoer-
componenten, stalsystemen etc.

* Bij de historische mechanisering van de glastauv (hoofdstuk 2) ging het om
kolen, olie en gaskachels, boilers en verwarminggmmenten, kunstmatig licht,
besproeiings- en afwateringselementen, etc.

De integratie van deze componenten in bestaan#éjbea en systemen gaat
vaak gepaard met leerprocessen en articulatie ieamve routines en praktijken. Dat
kan dan weer leiden tot behoeftes aan verdere coempannvaties (voor andere
deelaspecten van het systeem), waardoor op derddihgle systeem-architectuur
kan veranderen, wat dan (vaak ex-post) als trensiirdt geduid.

2) Complicaties in het onderscheid tussen radicakn incrementele innovatie
Omdat transities in specifieke landbouw-sectordrkheakter van
reconfiguratieprocessen hebben, is het onderstheseén radicale en incrementele
innovatie minder geschikt. Dit onderscheid is najnéhpliciet gebaseerd op
transities als substitutie-proces, waarbij actondpestaande regimes alleen
incrementeel innoveren en niche-actoren (outsiaens, entrants) de radicale
discontinuiteiten ontwikkelen. In dat transitiepadrden radicaal en incrementeel dus
als duidelijke tegenstellingen gebruikt.

Bij een reconfiguratie transitiepad is dit ondéesd echter minder nuttig. Wij
trekken hierover de volgende sub-conclusies:

a) In reconfiguraties is minder duidelijk sprake vamshift van het ene afgebakende
systeem naar het andere. Het is veel moeilijkedaidelijk een ‘turning point’,
discontinuiteit of doorbraak aan te wijzen. De twesorische cases laten zien dat
zo'n kantelpunt punt niet echt bestaat. Reconfigiteansities zijn meer
geleidelijk en continue veranderingsprocessen waaemischillende onderdelen
van systemen stapsgewijs veranderen. Uiteraaréaimmige stappen groter of
kleiner dan andere, maar van echte doorbraak-m@meésiminder sprake. In
plaats daarvan zien we cumulaties van grotereeanede veranderingen. Maar in
termen varuitkomst kan deze cumulatie over lange perioden wel totegr
veranderingen leiden. Als je voor beide historischges de situatie in 1930
vergelijke met 1970 of 1980, dan zijn de regime=r zerschillend in termen van
technieken, actoren en regels/praktijken.

b) Dit kenmerk creéert additionele complicaties watdfedeafbakeningvan
transities. De term ‘transitie’ refereert namehjkar een verandering tussen twee
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duidelijk afgebakende semi-stabiele toestandeMvébster’s dictionary wordt de
term ‘transition’ bijvoorbeeld omschreven als:

1 a: passage from one state, stage, subject, or lameother CHANGED : a
movement, development, or evolution from one fastage, or style to another

2 a: amusical modulatiob : a musical passage leading from one section of a
piece to another

3 : an abrupt change in energy state or level (as at@mic nucleus or a
molecule) usually accompanied by loss or gain sifigle quantum of energy

De term ‘regime’ was bedoeld om een dergelijke s&taibiele toestand aan te
duiden, en daarom ook nuttig om te spreken oveijrtre shifts’ en transities.
Maar bij reconfiguratieprocessen is het moeilijger een transitie te definieren
als een shift tussen twee coherente regimes. Detvgéorische cases beginnen
beide in 1930 en eindigen in 1970 en 1980. Maantere reflectie is deze
periodisering deels willekeurig en ingegeven dodeme landschapsinvioeden
(de economische crisis van de jaren '30) en dectoende kritiek op
technocratische bestuursstijl (in de jaren 70, @&.opkomst van nieuwe
belangengroepen rond milieu en dierenwelzijn). @odte jaren 1910, 1920 en
1930 vonden component-innovaties in glastuinbouwagkensregimes plaats,
zodat er geen sprake was van volledige stabilEstin de jaren 1970 en 1980
vonden ook nog allerlei component-innovaties pléaisin genetische
tomatenkweektechnieken), zodat ook hier geen sprakevan volledig stabiele
regimes in de jaren 70 (waarna alleen nog maaeimnentele verandering zou
plaatsvinden). Kortom, voor reconfiguratie-trarestis de afbakening in de tijd
(startpunt en eindpunt van transities in case sg)dlus moeilijk, en vaak open
voor debat. Voor lopende en toekomstige transisiel® implicatie hiervan dat het
dus ook moeilijk is om in de tijd aan te geven waarin ‘de’ transitie zitten;
wanneer we in het ene regime zitten en wanneegtiartdere. De vier
voorgestelde fasen uit Figuur A (voorontwikkelimgke-off, doorbraak, en
stabilisatie) zijn dus minder nuttig.

3) Het belang van concrete experimenten en projeagie

In reconfiguratie-transities zijn experimenten @ha-innovatie projecten zeer
belangrijk, als mechanisms om de routines en wgzkwivan een populatie (boeren
in dit geval) te veranderen. Bij reconfiguratiersdies gaat het namelijk niet om het
vervangen van ‘oude’ door ‘nieuwe’ actoren, maarb@mstaandeactoren die hun
routines en werkwijzen veranderen (mede door detalean niche-innovaties en
veranderende netwerken).

De niche-experimenten en projecten worden dusgei@tagen door geheel
nieuwe actoren (‘new entrants), zoals de literatuar transities en SNM soms
suggereert (zie paragraaf 1.3). Bij reconfiguraiidsities gaat het om regime-actoren
die bij niche-experimenten betrokken worden. O mneestal niet mainstream
regime actoren, maar actoren aan de rand van dieted'fringe actors’), die op
bepaalde aspecten toch al wat afwijken van de dam@regime regels en
praktijken®® In hoofdstuk 5 bijvoorbeeld lieten Elzenal zien dat bepaalde boeren

3 Regime-actoren zijn dus niet volledig homogeen.eZék grote populaties zoals in de
landbouw het geval is, zijn niet alle actoren in esgime gelijk. Er kunnen verschillen zijn in
termen van grootte, financiele positie, houdingdprichte van innovatie, bepaalde morele of
religieuze overtuigingen etc.
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eind jaren '80 al vroeg experimenteerden met grlo@gsesting voor fokzeugen. In
hoofdstuk 4 wordt hiervoor een nieuw concept gethiceerd, t.w. ‘hybride actoren’
die zowel kenmerken van ‘insiders’ als van ‘outsstibebben. Juist die hybride
actoren spelen een belangrijke rol in niche ontelig en tevens in het leggen van
verbindingen tussen niche en regime waarvoor hateqat ‘verankering’ wordt
geintroduceerd en uitgewerkt.

Innovatieve niche-projecten worden, zeker in hgirpedus vaak gedragen door
boeren die bereid zijn (iets) af te wijken van bhestaande regime. Als deze projecten
later succesvol blijken, worden deze afwijkers estpraak ‘'voorlopers' genoemd. In
‘real time’, echter, worden ze soms met de nek aleeken of als ‘vreemd’
beschouwd.

Het feit dat alle hoofdstukken laten zien dat watteeve niche-projecten
belangrijk waren of zijn, heeft ook te maken me¢ dndere, algemene kenmerken
van het landbouw-systeem.

a) De kas of de stal is een 'configurational tetdmg waar meerdere componenten
moeten samenwerken. Terwijl de verbetering vanrafedijke componenten wel
goed in laboratoria kan plaatsvinden, geldt datvoer het totale systeem (de stal of
de kas). Bij de adoptie van nieuwe component-intiegan dat systeem moet dus in
de praktijk blijken of en hoe de nieuwe componers@menwerken of worden
ingepast. De stal of de kas heeft dus kenmerkereganlaboratorium in de praktijk’.
Pas door daadwerkelijke implementatie kan ovesigtieem als geheel worden
geleerd, iets dat ook wel ‘learning by trying’ wogenoemd (Fleck, 1994). Dit
verklaart mede waarom experimenten en concretegssj zo belangrijk zijn in de
landbouw.

b) Verder speelt de natuur een belangrijke rolanashdbouw. Planten, groenten en
dieren zijn complexe systemen waarvan de dynamaek wiet helemaal wordt
begrepen (wat ook blijkt uit het regelmatig opduike@n onverwachte effecten). Dus
de implementatie van nieuwe hardware componenfamgawe bio-technische
innovaties) kunnen tot onverwachte neveneffectarainurlijke systemen leiden.
Ook daarom heeft implementatie van innovaties itaddbouw altijd een
experimenteel karakter. Een voorbeeld is het gklwam antibiotica in de
varkenssector wat in de na-oorlogse periode eearaacht stimulerend effect op de
groei van vee bleek te hebben (hoofdstuk 3). Helvwatdig gebruik van antibiotica
als groei-stimulans bleek later (sinds de jaren &tfhter ook te leiden tot het ontstaan
van zeer resistente ziektekiemen, die mogelijk\wad de mens gevaarlijk zijn. Een
ander voorbeeld was dat de introduktie van kunsg@atrwarming en besproeiing in
de glastuinbouw, ook leidde tot nieuwe ziektesanamatenteelt (vanwege warmer
en vochtiger binnenklimaat), wat weer aanleiding waor onderzoek naar nieuwe
tomatenrassen en chemische bestrijdingsmiddelaridsink 2).

c) Boeren hebben veelal een sceptische houdinggaterien van theoretische,
academische argumenten. Hoewel ze waardering hefoloermnnovaties die van
Universiteiten (of andere suppliers) komen, wilkeneerst in de praktijk zien dat deze
ook echt werken (‘talk is cheap; seeing is beligyin

Vanwege deze kenmerken spelen concrete (demoajprajecten in
landbouw-transities een zodanig belangrijke rol,Berkers en Geels (hoofdstuk 2)
dit een bij uitstek typerend kenmerk voor de seacttgmen.
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4) Sequenties van projecten en leertrajecten

De historische studies laten ook zien dat enkeligmugrojecten, of zelfs tientallen
projecten, niet voldoende zijn om transities te &dstelligen. Hoofdstuk 3 liet zien
dat de transitie naar mechanisering, rationaligesohaalvergroting (1950-1970)
werd begeleid en mogelijk gemaakt door vele horglerdo niet duizenden, projecten,
die boeren in staat stelden nieuwe praktijken erkwigzen te ontwikkelen en aan te
leren. Hoofdstuk 3 benadrukt het belang van dittton-up’ leren in concrete
boerenpraktijken, en stelt dit ‘paradigma’ naasteévandere, meer traditionele
paradigma’s, die ofwel economische processen bekeir ofwel politiek en
planmatige processéf.Om dit leren te faciliteren, werden in de perid®&0-1970
allerlei experimenten en demonstratie-projectengguseerd, via het OVO-netwerk,
investerings- en subsidiefondsen en regionalelstezbeteringsprojecten.

Voor dat laatste type projecten laat Figuur 6.2dypien dat er sprake was van
geleidelijke opschaling: eerst twee pilotprojectienKerkhove en Rottevalle 1953-
1956), en daarna steeds meer projecten (Karel,, 20960k hoofdstuk 3). Dit
projectmatige beleid voor streekverbetering wendj leolgehouden (zo’'n 20 jaar), en
leidde daardoor tot cumulatieve leertrajecten. Detmekverbeteringsprojecten
richtten zich niet op individuele boerderijen, maprhele gebieden en regios. Hele
gemeenschappen werden bij de projecten betrokkagr,dwor niet alleen sociale
controle and stimulans plaatsvonden (via nieuwe/erken), maar ook onderlinge
kennisuitwisseling plaatsvond. Deze projecten gadsidie voor de aanschaf van
nieuwe (technische) component-innovaties, maaemip voorwaarde dat de regio
zelf een projectplan opstelde en ook de voortgaogitmorde (wat dus visie-
ontwikkeling, leerprocessen en netwerkbouw stinmdlee De voorlichtingsdienst
organiseerde ook bezoekjes aan deze regionalecfgnjem andere boeren te
overtuigen van het nut van de adoptie en ontwikkglian nieuwe praktijken en
werkwijzen. Karel schat dat door alle maatregel@n Z1.000 boeren op een of
andere manier in contact is geweest met de inltb8astreekverbeteringsprojecten.

% Traditionele analyses van de landbouwmodernisstiedpben twee vormen (hoofdstuk 3):
1) Een economisch verhaal over veranderende faotts, investeringen en
prijs/performance verbeteringen. Vooral hogere foleéden in die verklaring tot een shift
van arbeid naar kanpitaal en hogere arbeidsprodigiti Dalende prijzen voor varkensvlees
leidden verder tot druk op boereninkomens wat egfivekr was voor kostprijsverlaging en
schaalvergroting.

2) Een institutioneel-politiek verhaal waarin deedweid (Mansholt) een nieuwe visie
ontwikkeld, vervolgens de centrale boerenorgar@saivertuigde, en aarna die visie
implementeerde via maatregelen die boeren overilggeprikkelden: a) een expansie van het
OVO-netwerk: meer research en meer voorlichterbderen ging bezoeken, meer scholen
waarin boerenzonen nieuwe inzichten werd gelegrdidatregelen om investeringen te
stimuleren: bank-garanties voor leningen, goedeajtregelingen voor boeren die wilden
stoppen (Ontwikkelings en Sanerings Fonds, 1963)fractural adjustment programs, waar
de overheid veel geld stopte. In 1970, wordt gesgatade overhead bijna 5% van het BNP
besteedde aan verschillende structural adjustmeatregelen (Van den Brink, 1990: 11).
Tussen 1947 and 1985, werd naar schatting cumittatie 13.8 miljard gulden uitgegeven
(Van den Bergh, 2004: 171). Hierbij ging het ook dune land verbeteringsprojecten met
investeringen in infrastructuur (bv. het vilak makeam land oppervlakten, verbeteren van
kanalen en sloten voor afwatering, aanleg of verb&l van regionale wegen, waterleiding en
elektriciteitsinfrastructuuur.
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Figuur 6.2: Aantal regionale streekverbeteringsjpaten (gebaseerd op gegevens uit
Karel, 2005: 124)

Number of projects in execution

Voor transities is dus ten eerste van belang dptesgies van meerdere projecten in
een bepaalde richting op elkaar voortbouwen en érmptellen wat leidt tot
innovatieve leertrajecten. Ten tweede, moeten d&ri@gen van projecten ook breder
worden vertaald of verankerd raken in het bredegenwe. Zo niet, dan zal ook een
sequentie van projecten weinig breder transitieetfifiebben.

5) Rol van crises en het belang vatiming en context

De case studies laten zien dat crises en shockseesabelangrijke rol spelen in
transities>

* De economische crisis van de jaren '30 (1929-)%36idde bijvoorbeeld tot een
veel grotere betrokkenheid van de overheid bijpaelbouw (hoofdstuk 2 en 3)De
crisis leidde dus tot grote veranderingen in hetade netwerk, en vormde het begin
van corporatische netwerk (het ‘groene front’) gsen 1930 and 1980 de landbouw
domineerde (met zeer sterke banden tussen boemmdmet ministerie en
landbouwwoordvoerders van politieke partijen). Disis leidde tot vele tijdelijke
maatregelen om de nood te lenigen en de sect@sthbrmen (hoofdstuk 2 en$).

= Bij Rijkswaterstaat, wiens investeringsbudget eranavoordelijkheid voor grote
technische waterbouwkundige projecten na de waietsamp van 1953 sterk toenam, doet
nog steeds de volgende zegdwijze de ronde: “Geeheden ons dagelijks brood, en af en toe
een watersnood” (Lintseat al, 2004).

3 Bijvoorbeeld het export volume van groenten datideen 1929 en 1935 met meer dan
50% (Bieleman, 1992). De prijs voor tomaten daahie zo'n 25 gulden in 1930 tot 9.54
gulden in 1935 (hoofdstuk 2). De (nationale enrma&onale) economische crisis reduceerde
ook de export en nationale consumptie van vieebedreigde in meer algemene zin het
voortbestaan van vele boeren.

%" Voor de jaren '30 was het overheidsbeleid libaralemeer geleid door marktbeginselen.
De overheid was toen voornamelijk bij de landbowtrdkken via het OVO-netwerk (dat
sinds de jaren 1890 geleidelijk was uitgebouwd).

38 De overheid hielp boeren bijvoorbeeld met renteMgningen en directe inkomenssteun.
Als veilingprijzen beneden een bepaald nivo dagldempenseerde de overheid het verschil
met dat nivo. Om verdere prijsdaling tegen te gaarden produktiebeperkende maatregelen
ingevoerd en import-tarieven verhoogd. De schaaloxaerheidssteun van zeer groot. Tussen
1933 en 1936 waren de totale uitgaven van het ngaoreerde Landbouw Crisis Fonds zo'n
200 miljoen gulden per jaar, hetgeen ongeveer 4@4het nationale landbouwinkomen
vormden (Bieleman, 1992: 238-239).
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Maar de nieuw gevormde netwerken en de betrokkdntaei de overheid bleef ook
daarna bestaan. op de veel sterkere rol van ode(bescherming) (betrokkenheid,
begin van OVO).

* De Tweede Wereldoorlog had ook een aantal effedie de naoorlogse
modernisering positief beinvlioedden. Ten eerse®ande de hongersnood
maatschappelijke en politieke legitimatie voor grpblitieke naoorlogse
betrokkenheid bij de landbouw, onder het motto ihoeeer honger’. Financiéle steun
en sturend beleid, die bij het op gang brengendealandbouwtransitie een grote rol
speelden, werden als legitiem gezien. Ten tweeds,d& betrokkenheid van de
overheid bij het maatschappelijke leven tijden®ddog sowieso sterk toegenomen
(voedseldistributie, opvang, verzorging, beschegnhibe oorlog leidde dus zowel tot
nieuwe beleidsmatige ‘capabilities’ bij de overhalg nieuwe percepties bij de
bevolking over een grotere maatschappelijke ovddnel. Ten derde, leidde de
oorlog tot enorme schade in de landbotet herstel van deze schade creerde
ruimte voor de aanschaf van nieuwe componentersadies al in de jaren 30
ontwikkeld waren, maar door de moeilijke economgsomstandigheden niet gekocht
konden worden. De directe na-oorlogse jaren waokneconomische moeilijk. Maar
de Marshall-hulp (1948-1952) en de economischei graede jaren '50 en '60 gaven
hiervoor meer ruimte.

* De varkenspest in 1997 (en de televisiebeeldengvate aantallen dode varkens die
machinaal werden opgehaald en verwijderd) leidtigrmte maatschappelijke
verontwaardiging en de perceptie dat de praktijkeshe bio-industrie ethisch en
maatschappelijk niet acceptabel waren. Deze magipelijke verontwaardiging
creerde grote druk op politiek om ‘iets’ te doendenvarkenssector scherper aan te
pakken. Bij fokzeugen werd toen groepshuisvestiagegelgeving min of meer
afgedwongen, ook al had dat weinig directe kopgetiet de varkenspest (hoofdstuk
5). Bij de vleesvarkens had de crisis minder geftecten en leidde (slechts) tot het
vergroten van de verplichte ruimte per varken vam@ar 0,8

Het effect van shocks en crisis hangt echter oalaafiming enculturelecontext. De
verschillende invlioed van de varkenspest (1997edeel-sectoren van vleesvarkens
en fokzeugen wordt in hoofdstuk 5 verklaard aahated vartiming ten aanzien van
lopende innovatie-trajecten. Bij de fokzeugen wasrals eind jaren ‘80 consternatie
ontstaan over de ‘kettingzeug’ en de wenselijkivaid groepshuisvesting. Dat laatste
vereiste echter innovaties in voedingssystementéovoorkomen dat sterke zeugen
de zwakkeren bij het voeden zouden verdringen nemssysteem worden
ontworpen waarin varkens gescheiden en sequegtgeked werden). De eerste
generatie voedingssystemen werden direct in ddifrédegepast, waarbij het
percentage boeren met groepshuisvesting groeidmt@veer 5% van de populatie.
Praktijkproblemen en tegenvallende resultaten raedaiste generatie systemen
leidde echter tot onvrede, slechte berichten inakgers, en een sectorbrede
negatieve perceptie. Het percentage boeren daatdeak van 5 tot 2 % midden

jaren '90. Ondertussen hadden onderzoekers deigkcherbeterd, wat leidde tot een
tweede generatie voedingssystemen. De negatieveptier was echter zo verhard dat

¥n de glastuinbouw was bijvoorbeeld 1.786.300gtas van kassen beschadigd of gebroken.
Herstel van de oorlogsschade vereiste bijvoorb@@0d000 rm grote glas platen, 568.006 m
kleine glas platen, 1.670.000 raamframes, 175.08@mverwarmingspijpen, 30.000 meter
rails in kassen, 400 centrale verwarmingsboilarsared 500 motor pompen (hoofdstuk 2).
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de sector er niet aan wilde. De varkenspest creshter een ‘window of
opportunity’ voor deze niche-innovatie. Beleidsmaldeonden deze innovatie (en de
praktijk van groepshuisvesting) doordrukken omaatathniek voldoende verbeterd
en gestabiliseerd was, en omdat voorstanders konijizen naar de 2% boeren die
aantoonden dat groepshuisvesting ook economisdabehkon zijn. Deéiming van

de crisis viel dus gelukkig, waardoor techniek gikleconomie en cultuur op een
positieve manier gekoppeld konden worden.

Voor vieesvarkens werden de jaren '80 vooral gadeard door
mestproblemen. Er waren dus veel minder innovajetten gericht op dierenwelzijn
en nieuwe stalconcepten. Voor zover dierenwelzghspeelde, was er sprake van
een veelheid aan thema’s (onverdoofd castreremekg@&me ruimte, niet kunnen
wroeten en spelen, niet naar buiten kunnen, knipperstaarten en tanden; leven op
harde, koude en glibberige betonnen vloeren). Devatie-aandacht rond
dierenwelzijn was dus ook veel minder gefocusthigfokzeugen, en dus meer
verspreid, waardoor ook geen stabilisering plaatdvden tijde van de varkenpest
waren er dus geen ontwikkelde en gestabiliseeieerinnovaties die van de
‘window of opportunity’ gebruik konden maken (ofadeleidsmakers doorgedrukt
konden worden). D8ming van de crisis viel bij de vleesvarkens minder gy,
waardoor ook de effecten minder groot waren.

De implicatie van deze comparatieve case studyf@stuk 5) is dat het voor
systeem-innovaties onvoldoende is om gewoon te t@adbt er een crisis of schok
plaats vind. Als er geen alternatieve niche-inni@gatijn ontwikkeld (en liefst ook al
enigszins in de praktijk toegepast waardoor coeagetaring is ontstaan), kan de
‘window of opportunity’ niet gebruikt worden. Dezenclusie versterkt dus het
belang van conclusie 3 en 4, over het belang vamikkelen van alternatieven, en
experimenteren in de praktijk. Ook als deze altéeman niet direct breder kunnen
doorbreken is het belangrijk om nieuwe capabilidagechnieken te ontwikkelen,
zodat een eventuele kans later beter benut kanerord

Het belang van deulturele contexis goed zichtbaar bij de economische crisis van de
jaren '30. In dat tijdvak was de landbouw nog emog zichtbaar en belangrijk
onderdeel van de maatschappij, waar ook een gembtvdn de beroepsbevolking
werkzaam was. In hoofdstuk 3 geeft Geels de volgemaschrijving van de culturele
plek van landbouw:

“Before the war, farmers were perceived as morekibane of society, invaluable to a
healthy society. They were presumed to have speatcifal virtues such as attachment to
the land, solidarity, indifference to the whimsusban culture, common sense, hard
work, and thrift (De Haan, 1993). This ideology xps why small farms were
supported when they faced difficulties.”

Deze positieve culturele betekenis van de landbeenklaart mede waarom de
overheid bereid was tot zeer aanzienlijke beschegsmnaatregelen tijdens de
economische crisis van de jaren '30.

6.2. Conclusies over enactment van transities (‘irge-out’)

In onze historische casussen hadden boeren eeslijkuisklang bij de transities,

simpel gezegd een hoger inkomen. De investeringareuwe technologie en
praktijken hadden een bedrijfs-economische logeract opperformance
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improvementglagere kosten per eenheid door schaalvergratimgnogere
performancedoor beter voer, nieuwe kassen etc.).

In onze contemporaine case-studies ligt dat dykdmhders en komt de druk
voor verandering van buiten de sector. Het zijnrabexterne partijen die aandacht
vragen voor dierenwelzijn (in de varkenscasus)eeluctie van C@emissies (in de
glastuinbouw casus). Daarmee ontstaat er een spatussen de regimedynamiek en
de externe druk, hetgeen ontwikkelingen in bewegargyzetten die (op termijn) tot
transities kunnen leiden. De analyses van beide staslies focussen op verschillende
onderdelen van dat proces, t.w.:

* Varkenscasus: Hoe draagt de koppeling van normeatiavk met andere
processen bij aan het uitlokken van verschillenaesitiepaden?

* Glastuinbouwcasus: Hoe dragen koppelingen tusstenen
regimeontwikkeling bij aan het in gang zetten vamsitie processen?

Dit definieert twee invalshoeken op een zelfde mgee vraagstelling waardoor,
zoals hieronder zal blijken, de conclusies elkaasterken.

1. Normatieve druk en koppeling met andere procesee

In een stabiele situatie kan de ontwikkeling vagimes worden gekenschetst als een
‘reproductie’ pad: regime actoren reproducerendaeste praktijken en opereren
binnen relatieve stabietele-sets Dat wil echter niet zeggen dat er geen spanningen
binnen bestaande regimes zijn (Greenwood en Hinikt#y6). Coherentie en
spanning bestaan tegelijkertijd en regimes blijs&biel zo lang de bindende
krachten sterker zijn dan de spanningen, d.w.tang er voldoende congruentie
bestaat tussen de regime actoren (Grin en Van daf Gr996).

Dat geldt ook voor externe druk. Ook die zal ni¢tregimeverandering leiden
zo lang de bindende krachten te sterk zijn. Datkeett dat een destabilisatie van
regimes afhangt van twee ontwikkelingen: 1) toeneteeexterne druk en 2)
afnemende coherentie binnen het regime (bijv. agphe.t van regelgeving, markt,
cultuur, technologie).

De normatieve druk komt in eerste instantie vaak sociale bewegingen. Om
bij te kunnen dragen aan het verlaten van het dejotee pad moet deze druk 1)
toenemen en 2) koppelen aan economische, techaolegen beleidsontwikkelingen.
Wat betreft de toenemende druk onderschei@atal Movement Theo($MT) een
drietal processen, t.w. Iraming processe®) resource mobilisatioren 3)political
opportunity structure$McAdam et al., 1996; Davis et al., 2005).

SMT is ontleend aan de beleidswetenschappen eolegi@ en besteedt
daarom nauwelijks aandacht aan technologie. In anaby/se is deze invalshoek
daarom gekoppeld aan een typologie van Van de(R0@0) die naast
maatschappelijke bewegingen nog een tweetal andéselersonderscheid: 1)
wetenschappers en ingenieurs en@siderbedrijven.

Binnen de varkenscasus zijn twee deelsectorerrscttiden, t.w. de
huisvesting van drachtige zeugen en de huisvegting/leesvarkens. In het eerste
geval hebben maatschappelijke protesten sindseg@t van de jaren '80 (vooral van
de Dierenbescherming) na drie decennia het gewessiéiaat gehad, t.w. dat zeugen
vanaf 2013 in groepen moeten worden gehuisvesietitweede geval zijn de
successen veel beperkter, t.w. iets meer ruimtearéen (van 0,7 fnaar 0,8 h
voor nieuwe stallen na 1998 en naar“wvwor alle stallen in 2013), een kleine
toename van dicht vloeroppervlak en afleidingsnia@aéin de stal.
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Een vergelijking van beide casussen leert dabeteft de drie dimensies van
normatieve druk deesource mobilisatioen depolitical opportunity structuresoor
beide casussen vergelijkbaar waren. Er was eclegleeen duidelijk verschil in
framing In de fokzeugen casus richtte het protest zidralmp het houden van
zeugen aan een ketting, door de Dierenbescherramgeduid als dkettingzeug
Voor vleesvarkens was er een minder sterke focpsobleemdefinitie. Protesten
richtten zich onder andere op de ammoniak- en gaasges, mestafzet, beschikbare
vloerruimte, het knippen van staarten en tandevemioofd castreren, aandeel dichte
vloer, etc. Deze variéteit in probleemdefinitieslte tot het ontwikkelen van een
breed scala aan alternatieven: de Hercules steke¥a in Comfort Class, Canadese
strooiselstal, biologische houderij. Verder wistvdekenshouderij een sterkeunter-
framingvoor het voetlicht te brengen, t.w. dat additienglsen aan de conventionele
houderij een bedreiging vormden voor de economisehibiliteit (die toch al zeer
onder druk stond) en de Nederlandse exportpoBitter de meer gefocusseerde
framingwas denormatieve drukn de zeugen casus hoger dan in de
vleesvarkenscasus wat het verschil in uitkomstetsden verklaren.

Het tweede deel van de verklaring is gelegen ikagpeling van deze druk
met andere deelprocessen, t.w. ontwikkelingen opelnein van technologie, markt
en beleid. In de fokzeugen casus ondersteundesntli@kkelingen de normatieve
druk terwijl dat in de vleesvarkenscasus veel mitg geval was. Wat betreft de
technologie bijvoorbeeld was er voor de houden fakzeugen een eenduidig
alternatief, t.w. groepshuisvesting. Voor vleeseadkechter werd er een scala aan
alternatieven ontwikkeld.

Een belangrijke additionele bevinding is datid@ng van het koppelen van de
druk met deze additionele ontwikkelingen van crakizelang is zoals ook al werd
geconcludeerd op basis van de historische studtegl{sie 5 in voorgaande sectie).
Na de uitbraak van de varkenspest (1997) nam doarahtschappelijke druk ook de
beleidsdruk om ‘iets te doen’ in korte tijd enoroetOp dat moment lag er voor de
fokzeugen een (technisch) alternatief ‘klaar’ dartt& tijd daarna verplicht werd
gesteld. Voor vleesvarkens werd pas in 2005 eestesalternatief houderijsysteem
ontwikkeld (Hercules) maar op dat moment was deitstiruk vrijwel verdwenen en
het Hercules ontwerp kwam in een bureaulade terbightie opkomst van de Partij
voor de Dieren nam de maatschappelijke en politietangstelling voor
dierenwelzijn weer snel toe en vervolgens richife lzeleidsmatige interesse zich op
het alternatief dat toen volop in ontwikkeling w&srkens in Comfort Class. Hoewel
de ontwerpen voor de Hercules stal nog steedsr'klade bureaulades liggen is daar
weinig belangstelling voor.

2. Onzekerheid over toekomstige ontwikkelingspaden

Geels en Schot onderscheiden in een recent af2R6r) een 4 tal transitiepaden, t.w.
1) transformation bestaande uit vooral een interne ontwikkelingibmeen regime in
antwoord op interne of externe druk;rgtonfiguration waarbij regime actoren
bepaalde niche-innovaties adopteren in antwoorexégrne of interne druk;
combinaties van oude en nieuwe elementen leidezetotangzame reconfiguratie
van de basiskenmerken van het systeemauBstitution waarbij alternatieve
praktijken of radicale niche-innovaties het bestlasysteem overnemen;dp-
alignment and re-alignmenivaarbij het regime door grote landschapsdruk snel
desintegreert, gevolgd door een periode waarimtigikkeling van diverse
alternatieven in niches tot een periode van onbekeren experimentatie leidt
waarvan er uiteindelijk één dominant wordt.
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De contemporaine varkens case-studie analyseemtdrverschillende mate
van koppeling tussen externe normatieve druk erdgetal andere ontwikkelingen
(beleid, markt, technologie) tot verschillende $eoitransformatiepaden kan leiden.
Dit is samengevat in Tabel 6.1.

Normative | Regulatory] Market Technology Transition

pathway

Dry sows regime | + + 0 + Transformation

(before 1990) (reconfiguration in
niche)

Dry sows regime | + 0 0 + Transformation

(1990-1997) (reconfiguration in
niche)

Dry sows regime | ++ ++ + + Reconfiguration

(after 1997):

Group housing

Fattening pigs + 0 0 0 Reproduction

regime (before

1997)

Fattening pigs + 0/+ 0 0 Reproduction;

regime (after some groups targef

1997): toys and transformation

somewhat larger

stables

Fattening pigs ++ 0 0 + Reconfiguration

niches (2000s): (no wider diffusion

Hercules stable, as yet)

Pigs in Comfort

Class, Canadian

bedding

Intermediary + 0 0/+ + Reconfiguration

market segment (no wider diffusion

niche (Jumbo) as yet)

Organic farming | + 0 o/+ + Substitution (no

market niche

wider diffusion as
yet)

Tabel 6.1 Mate van druk richting dierenwelzijn agschillende dimensies en het
daaruit resulterende type transitiepad (0 = afwefir = klein; + = matig; ++ =

sterk)

Uit de studie blijkt dat tijdens transities 'in thiaking' verschillende soorten
ontwikkelingspaden naast elkaar bestaan. Hoewetrsgendaarvan dominant zijn, is
de toekomst in essentie open, d.w.z. dat actorarpbrcepties, doelen en strategieén
kunnen wijzigen afhankelijk van interacties en depeling met verdere culturele,

economische, politieke en technologisch ontwiklgeim

Deze fundamentele onzekerheid blijkt ook duidehjkle glastuinbouwcasus.
Bepaalde ontwikkelingen die begonnen vanuit eetesysinnovatieve ambitie (een
reconfiguratie pad) bleken ook binnen het bestagggi®em van nut te zijn en
werden daar ingepast waardoor ze bijdroegen aatraesformatie pad. Ook van het
omgekeerde geval zijn voorbeelden: WKK, bijvoorble@las oorspronkelijk
onderdeel van een transformatiepad, vooral bedwalde elektriciteitskosten van
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tuinders laag te houden. Door de koppeling metitiedéimulering heeft dat zich
echter ontwikkeld tot een situatie waarin het vinomders een tweede bron van
inkomsten is geworden, waaraan ze soms meer verdesn met de verkoop van
gewassen. Hierdoor zijn tuinders tevens energieemnten en -handelaren
geworden, een duidelijk voorbeeld van een reconditge pad.

Dit is een belangrijke bevinding voor diverse pamntdie programma’s
opzetten om systeeminnovaties uit te lokken. Bipsities 'in the making' is het
onderscheid met incrementele innovatie vaak ondijkaa kunnen er ook haasje-
over effecten plaatsvinden. Het is belangrijk orardanerzijds alert op te zijn en
anderzijds, om duurzame ontwikkeling te bevordengst, exclusief in te zetten op
ontwikkelingen met een systeeminnovatieve ambitie.

3. Processen van verankering

Historische studies van transities hebben een ltergajn perspectief en een ‘outside
in” benadering. Verschillende auteurs hebben betalag daarin buiten beeld blijft
hoe de interacties tussen niches en regimes presilegpen en hoe koppelingen
daartussen tot stand komen en benadrukken daanmpéeiet het belang van een
‘inside out’ benadering (Smith, 2007). In de conpemaine studies hebben we
ingezoomd op dergelijke koppelingsprocessen. Voortend op werk van Loeber
(2003) en Grin & Van Staveren (2007) gebruikendaarbij het concept
verankering Verankering drukt uit dat er nieuwe verbindingenistaan die echter
ook weer verbroken kunnen worden. We hebben heteqirverder verfijnd door
onderscheid te maken tussen drie vormen van veriagkéew. technologische,
netwerk en institutionele verankering.

Om daarmee koppelingsprocessen te kunnen anatys@sehet nodig een
meer verfijnde representatie te maken van het #eyél perspectief met de volgende
eisen:

* niches en regime overlappen elkaar in zekere mate;

* landschapsdruk beinvlioed zowel niche als regime;

* niche, regime en landschap staan niet in een bldszhe relatie;
* het generieke heuristische idee van het MLP irigden.

Het resultaat is weergegeven in figuur 6.2 waariaangegeven hoe de drie ‘niveaus’
(niche, regime en landschap) elkaar kunnen beideloe
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Figuur 6.2: Multi-level processen in systeeminn@/é_F = landschapsfactor; N =
niche; voor een verdere uitleg zie de tekst onideiut 3 in Hoofdstuk 4)

Met dit model transformeert de vraag naar verankemiaar de analyse van wat er
gebeurd in en rond de overlappingsgebieden tudsba an regime. Op basis van de
glastuinbouw casus blijkt dan dat er een nauweeligsking bestaat tussen de
verschillende vormen van verankering en dat zeeitijd op willekeurige wijze op
elkaar kunnen volgen (Figuur 4 in Hoofdstuk 4 gelefirvan een impressie). Er zijn
daarin een aantal verschillende patronen geidesgifd.

» Translation: Een concept (technologische veranggmrordt niet zomaar
overgenomen door een grotere groep (netwerk veriaugenaar wordt
daarbij vaak in meerdere of mindere mate gewijzigd;

» Opportunity: Veel studies vanuit MLP benadrukkerralevanproblemenals
drijvende kracht voor verandering. Maar minsterendvelangrijk zijn nieuwe
kanserdie door eerdere ontwikkelingen zijn ontstaan;

* Internalisation: De noodzaak tot terugdringen v&@R2e&missies was eerst een
externe landschapsdruk maar is inmiddels een sietdsme drijvende kracht
binnen de glastuinbouwsector geworden.

* Alignment: Koppeling en onderlinge versterking weamschillende vormen
van verankering leidt tot meer robuuste nieuwe igoiméties. Deze conclusie
sluit nauw aan bij de hiervoor beschreven conclapibasis van de
varkenscasus.

Deze analyse laat zien dat verankering een nuttigept is om te analyseren hoe
koppelingen tussen niche- en regimeontwikkelingemien ontstaan (en weer kunnen
worden verbroken). De volgende stap is om op hasiseen grotere variéteit aan
case-studies te pogen om daar specifieke patronenidentificeren.

4. Rol van outsiders en hybride actoren
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Hierboven is aangegeven daattsiderseen belangrijke rol kunnen spelen in
innovatieprocessen, ofwel doordat zij maatschajeetiruk voor verandering leveren
ofwel door het ontwikkelen en aanbieden van alt&#aan voor een bestaand
systeem. Op basis van de glastuinbouwcasus is giateerd dat het onderscheid
tusseninsidersenoutsidersverfijning behoeft. Van de Poel (2000, p.384) gésée
karakteriseren vaoutsiders

1. Ze staan buiten of zijn op z’n minst marginaaM.tet regime;

2. Sommige van de belangrijkste regels m.b.t. teclgisthe ontwikkeling

worden door hen niet gedeeld.

In hoofdstuk 4 worden diverse actoren genoemdmddeiinnovatieprocessen een
belangrijke rol hebben gespeeld, waaronder deliatgars van kassen, voorlopers
onder de telers, het Productschap Tuinbouw, henaireNetwerk. Deze actoren
voeldoen niet aan Van de Poel's criteria omdatwelmiet marginaal zijn t.o0.v. van
het regime ofwel de belangrijkste regels wel delergelijkertijd zijn ze sterk
gecommitteerd aan het realiseren van (radical@ndaring om aan de
maatschappelijke eisen te voldoen. Deze groepeactuwemen whybride actoren
die een categorie vormen tussesidersenoutsidersen belangrijke karakteristieken
van beide vertonen.

Koppelen we dit aamerankeringdan blijken dezéybride actorereen
cruciale stimulerende rol te spelen. Zij operergrmet overlappingsgbied tussen
regime en niche in figuur 6.2 (Figuur 4 in Hoofdstuzoomt daar verder op in) en
doen dat in diverse netwerken rond bijv. demonisfpatdjecten, het programma ‘Kas
als Energiebron’, het ‘Actieplan voor een Klimaattrale glastuinbouw’ en het
Synergie businessplatform. Dergelijke netwerkendearaangeduid alsybride fora
die een specifieke locatie vormen waar verankgrlagtsvindt. De studie geeft
aanwijzingen (die op basis van een groter scalaasmssen zou moeten worden
onderzocht) daterankering in eehybride forumeen belangrijke tussenstap vormt in
de ontwikkeling van niche naar regime. Een belgkggonclusie van deze studie is
dat hybride actoren die opereren in hybride foraaaciale rol spelen in het
stimuleren van verankering als opstap naar radinalevatie.

6.3. Aanbevelingen voor de uitlokking van (systeeninnovaties

In deze sectie doen we op basis van onze vierestadin aantal aanbevelingen voor
het uitlokken van (systeem-)innovaties richting icaamheid. Hoewel de empirische
basis voor deze aanbevelingen beperkt is tot ase studies, springen er een aantal
zaken uit?®

1) Bescheidenheid versus doortastendheid

Het aantal praktijk-projecten in TAG is relatiefdmekt, zeker als we het vergelijken
met de duizenden projecten in de landbouwtrangitide jaren '50 en '60. TAG kan
nuttige aanzetten geven, maar de impact zal enigs=perkt blijven. Meer
fundamenteel is echter dat uitkomsten onzekerezijdat ingezette ontwikkelingen
door latere ontwikkelingen compemterruledkunnen worden. Hier past dus een

“ODeze bevindingen worden ondersteund door ervaringarde onderzoekers in diverse
andere onderzoeksprojecten en door conclusiesddre literaturen.
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zekere bescheidenheid wat betreft de impact diemetrdergelijke projecten wil
realiseren.

Toch is het nuttig om innovatieprojecten op téezeen interventies te plegen
in een bestaand systeem. Daardoor worden nieuwekietingen in gang gezet en
gaan nieuwe netwerken ontstaan (waaronder hyboid@ foals de contemporaine
glastuinbouw casus laat zien. Ook als die op egevgn zouden lijken te falen
betekent dit nog niet dat de inspanningen voosragh geweest omdat bepaalde
concepten op een later moment toch weer actueelekuworden. Een voorbeeld is
het ‘gesloten kas’ concept dat na een aantal anelerzoek in het begin van de jaren
'90 in het vergeetboek terecht kwam maar tegenwgaveer in het centrum van de
belangstelling staat.

2) Radicaal of incrementeel
Het idee van transitie door reconfiguratie (zoalde landbouw veelal het geval is, zie
paragraaf 6.1) heeft ook implicaties voor de prgeadn Transforum. Er worden soms
vraagtekens gezet bij het systeem-innovatieve tgeliah de projecten (de mate van
radicaliteit). Daar is op basis van de historiscages (en theoretische ideeen) wel wat
op af te dingen. Mensen die dergelijke kritiek mjtdenken vaak vanuit een ander
type transitie-pad: technological discontinuity augbstitution (ook Schumpeter en
anderen in de innovatie literatuur). Daar is danalsp van radicale innovaties (nieuwe
techniek en kennisbasis; bv. auto's versus paawdagen), die in niches ontwikkeld
moeten worden en gedragen zijn door radicale prejec

Maar bij reconfiguratie-paden is de transitie eaenstapsgewijs proces,
waarbij een bestaande populatie van actoren huwisipgaktijken, technieken en
netwerken geleidelijk veranderen. Men moet dusdaggte actoren overtuigen in
plaats van een nieuwe groep actoren ('new enfréates groeien. En dat gaat beter
stapsgewijs dan radicaal. Als teveel wordt afgewelan een bestaand systeem, zal
het moeilijk zijn om bestaande actoren mee te &njdBeter is het om verschillende
kleine stapjes te nemen, en steeds nadruk te leggé&earugvertalen' of 'verankeren'
van ervaringen uit leerprojecten in de bestaandemr

Daarbij hangt de mate van radicaliteit af vanai@ns perspectief dat wordt
beoordeeld. Voor consumenten lijkt het verbiedemzeug aan ketting een grote shift
en wat meer stalruimte voor vleesvarkens niet. \d@oboer is het echter precies
andersom. Verder laat de glastuinbouwcasus ziewedlahdering die als
‘incrementeel’ zijn begonnen na verloop van tijtizeer ‘radicale’ veranderingen
kunnen leiden (WKK) en vice versa (adiabatischdikge Daardoor kunnen er ook
haasje-over effecten tussen radicale en increneepéglen plaatsvinden.

De belangijke les hieruit is dat men zich niebh@lmoet staren op ‘radicaliteit’
in transities, zeker als het om reconfiguratiepssea gaat.

3) Verankering in hybride fora

De studie geeft aanwijzingen dagrankering in eehybride forumeen belangrijke
tussenstap vormt in de ontwikkeling van niche magime. Een belangrijke conclusie
van deze studie is dat hybride actoren die opetiarbybride fora een cruciale rol
spelen in het stimuleren van verankering als opséap radicale innovatie. Het
onderscheid tussen drie verschillende vormen vamnkering (technologisch,
netwerk en institutioneel) kan worden gebruikteds diagnose instument om te
analyseren of rond een bepaald project wel in vetde mate aan de verschillende
vormen van verankering aandacht wordt besteed oDeepterhybride actoreren
hybride forakunnen daarbij een instrument vormen om preciegd¢e gaan of men
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binnen een project wel de juiste actoren heefolikn en of de vormgeving van een
project wel adequaat is toegesneden op het beatugle

4) Timing

Een aantal van onze casussen laten duidelijk h@tdpeantiming zien, vooral wat
betreft het breder kunnen doorbreken van nicheviaties naar het regime. Het heeft
weinig zin om via regulering verandering af te dgen op het moment dat er
onvoldoende verankering rond mogelijke alternatielveeft plaatsgevonden. Verder
onderzoek zal moeten uitwijzen waar daarbij precggou moeten worden gelet
maar de ervaring laat zien dat men zich daar lagtgaitijd van bewust is.

6.4. Epiloog

Door de vier case studies van twee deelsectorast(ghbouw en varkens) hebben we
een aantal belangrijke bijdrages geleverd aan wekappelijke inzichten in het
verloop van innovatieprocessen. Sommige daarvderieiot een aantal nieuwe
denkrichtingen die in verder onderzoek uitgewerketen worden. Tevens hebben we
op basis daarvan een aantal aanbevelingen kuntetkkelen voor het uitlokken van
(systeem-)innovaties. Daarmee hebben we in dedeesten fundament gelegd voor
interessant vervolgonderzoek dat zowel wetenschigppaeressant als
maatschappelijk relevant is.
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