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Chapter 5 

 

Initial Diffusion of Novelties 

An Account of How the Closed Greenhouse Opened-up 

 

In the first chapter of this thesis we argued that in order to induce system 

innovations a number of actors need to adopt and use specific novelties such as 

Agroparks and (semi) Closed Greenhouses. A group of actors that plays a central 

role in eventually achieving wider diffusion of novelties are initial innovators. We 

defined initial innovators as the first dozen entrepreneurs who implement and use 

a novelty after the phase of prototyping. Surprisingly, system innovation studies 

pay little attention to the process of initial diffusion as most in-depth studies focus 

on developing a concept of a novelty.  

 

This chapter
12

 contributes to broadening our understanding of the initial diffusion 

phase by addressing a selection of the questions that we posed in chapter 1 (3.a, 

3.b and 3.c): what do the interactions of actants in the network of initial innovators 

that implement and use a novelty after the realisation of a prototype uncover 

about the nature of novelties?; What do the interactions of actants during the 

implementation and usage of novelties reveal about the role of initial innovators 

during the phase of initial diffusion of novelties? And; what do the experiences of 

initial innovators tell us about how policy could stimulate the initial diffusion of 

novelties? We will address these questions by describing and analysing the 

interactions of actants (e.g. growers, crops and (semi) Closed Greenhouse) during 

the phase of initial diffusion in the (semi) Closed Greenhouse case.  

 

5.1 Introduction  

 

Using novelties (i.e. new technologies, products, and processes) that steer towards 

more sustainable behaviour is an appealing approach to change current 

unsustainable practices (Elzen and Wieczorek, 2005; Geels, 2005; Loorbach, 2007). 

However, the absence of the electrical car and the slow diffusion of windmills 

                                                 
12

 A previous version of this chapter (starting from section 5.1) has been accepted for publication: 

Hoes, A.-C, Beekman, V., Regeer, B.J., and Bunders, J.F.G. (In-press) Unravelling the dynamics of 

adopting novel technologies: An account of how the closed greenhouse opened-up. In: International 

Journal of Foresight and Innovation Policy. A majority of the case description in section 5.5 is recovered 

from the initially submitted manuscript, which had to be removed to fulfil word count requirements for 

publication. 
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illustrate that broad implementation of these novelties is challenging. The 

phenomenon of initial diffusion of novelties by society is poorly understood. Policy 

makers and innovation managers express the need to better understand the 

processes of initial diffusion of novelties to be able to stimulate the wider usage of 

novelties.  

 

To gain insight in the phase of initial diffusion of novelties, we will analyse the 

implementation history of the first eight growers (i.e. initial innovators) that 

implemented the (semi) Closed Greenhouse after the prototyping phase. This way 

we want to further our understanding into: (i) the dynamics of initial diffusion of 

novelties, and; (ii) the types of innovation policy that could support the initial 

diffusion of novelties. 

 

Before we specify the case study, we will present an overview of literature on the 

diffusion of new technologies (section 5.2). Information on the (semi) Closed 

Greenhouse and the research design will be provided in section 5.3. The case 

description in section 5.4 will illustrate that the implementation and usage of 

novelties turned out to be more complicated than the initial innovators had 

anticipated. Their experience will be linked to current diffusion literature. This 

analysis will result in the presentation of four notions on the dynamics of initial 

diffusion of novelties. Next, we will asses to what extent current innovation policy 

is aligned to challenges that initial innovators encounter during the 

implementation and usage of a novelty during the phase of initial diffusion. 

Corresponding to this analysis we will provide some suggestions for innovation 

policy to further accommodate the initial diffusion of novelties (section 5.5). In 

section 5.6 we will briefly summarise our findings, relate these to the questions 

posed in the second paragraph of this thesis and provide directions for future 

research.  

 

5.2 Diffusion of Innovations 

 

In this section we draw attention to three bodies of literature: diffusion of 

innovation, science and technology studies and system innovation. It is not our 

intention to review in-depth the developments in these fields. Rather, we focus on 

concepts that we consider highly relevant when questioning the phase of initial 

diffusion of novelties. 

 



Initial Diffusion of Novelties 

135 

 

Perspectives from Literature 

 

Diffusion of Innovations 

 

A relevant research field when questioning the diffusion of novelties is that of 

‘diffusion of innovations’. Throughout the 1960s until the 1990s multiple studies 

have been conducted to gain insight into the process of diffusion of new products 

(Erdélyi, 2010). Literature within this field focuses on two topics (Attewell, 1992). 

One school of researchers investigates variables that influence an actor’s decision 

to adopt a new product (Wejnert, 2002), another school of researchers examines 

diffusion patterns of new technologies over a longer period of time (Rogers, 2003).  

 

To gain insight into which variables influence the decision to adopt a new product, 

studies are conducted on the characteristics of firms that adopt early and how 

these contrast to firms that adopt relatively late (Attewell, 1992). Examples of 

characteristics are the firms’ size, environment, and attitude of employees. Rogers 

(2003) emphasises that the characteristics of the new product itself also need to 

be taken into account when studying what influences the entrepreneurs’ 

eagerness to adopt. His research indicates that the rate of diffusion is dependent 

on the degree to which the new product is perceived as: (1) more beneficial, (2) 

consistent with the existing values and beliefs, (3) low in complexity, (4) easily 

tested and (5) visible in being successful (Rogers, 2003).  

 

The so-called macroscopic studies (second school) develop theories to explain 

diffusion patterns. Rogers (2003, page 5) defines diffusion as: “the process by 

which an innovation is communicated through certain channels over time among 

members of social systems.” Empirical studies indicate that the rate of diffusion of 

innovations seems to follow a S-shaped curve when plotted over a long period of 

time (Rogers, 2003). The S-curve is a result of the observation that diffusion first 

proceeds slowly: actors who adopt during this period are categorised as 

innovators. The innovators comprise a small group (not more than 2,5% of the 

total diffusion population). Next a take-off phase occurs in which the diffusion rate 

increases: this group of actors is named early adopters (around 13,5% of total 

population). The rate of diffusion peaks when the early majority and the late 

majority (together 68% of total population) adopt. Diffusion rate slows down when 

the last group, the laggards, adopt. Economists state (Attewell, 1992) that a shift in 

supply and demand explains the sudden alteration from slow diffusion to rapid 

diffusion (the so called ‘take-off’ phase).  
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Although current theories on the diffusion of innovation will possibly be applicable 

to consumers adopting simple mass market products, Attewell (1992) points out 

that these models may need to be adjusted for situations that involve complex and 

advanced technology, such as the case of the (semi) Closed Greenhouse. Another 

point of critique directed to diffusion of innovation research is the bias towards 

studying successful cases (MacVaugh and Schiavone, 2010). As a consequence, the 

constructed theories do not shed light on why so many innovations ‘stay on the 

shelf’. 

 

Social Construction of Technology (SCOT) & Actor Network Theory (ANT)  

 

Another perspective on the emergence of innovations is provided by scholars in 

the field of science and technology studies (STS). In short, STS explores the relation 

between science, technology and society. It is a critical school in the sense that its 

scholars question deeply embedded assumptions about the practice of science. 

Since the 1980s STS scholars give attention to the topic of the construction of 

technologies. (Bijker, Hughes and Pinch, 1987). The main concepts about 

technology that were developed are: the social construction of technology (SCOT) 

and actor network theory (ANT). Below we introduce these concepts. 

 

Social construction of technology (SCOT) scholars argue that society shapes 

technology, “the success of a technology depends on the strength and size of the 

groups that take it up and promote it” (Sismondo, 2008, p.16). SCOT can be seen 

as a critical reaction to the idea that technology determines our action. The 

concept of SCOT was first coined by Pinch and Bijker (1984). In their article, they 

criticise the six stage linear model of the innovation process (which consists of the 

following steps: basic research - applied research - technological development - 

production development - production - usage) and provide an alternative: the 

multi-directional model. Their historical case study on the construction of bikes 

illustrates how social groups shape technology. More specific, the case study 

shows that artefacts are open to more than one interpretation. They use the term 

interpretative flexibility to highlight that artefacts are perceived differently by 

different social groups. The framing of an artefact depends on the eye and context 

of the observer. Interpretative flexibility is highest during the early stages of 

technological development (Pinch and Bijker, 1984) when the artefact has not yet 

reached its final form. The term closure refers to the stage in which the artefact 
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stabilises (reaches its final form) (Pinch and Bijker, 1984). Closure is seen as an 

important condition for rapid diffusion of innovation (Geels, 2005; Rogers, 2003).  

 

Latour (1987), Callon (1987) and Law (1992) use the term actor-network theory 

(ANT) to emphasize that technologies are not detached artefacts, but 

heterogeneous networks (socio-technological systems) of humans and things that 

interact and therefore influence each other. ANT questions how these 

heterogeneous networks are formed and keep functioning (Ganzevles, 2007).  

 

Both ANT and SCOT provide a methodological approach for studying science and 

technology. They emphasise the importance of opening the black box of 

technology (and fact) construction by following the actors and technology (Latour, 

1987) in order to fully understand the construction and functioning of 

technologies. The perspectives of actor-network theory and the social construction 

of technology provide deeper understanding into why complexity and uncertainty 

arises during technology development. However, since these studies are rather 

descriptive, they provide less guidance to innovation managers on how to 

stimulate diffusion of innovations. In addition the topic of diffusion is rather 

neglected; or as Geels (2005, p.50) puts it: “This (socio-technical) literature tends to 

focus on the emergence of new technologies (invention) and their linking to 

markets, but says less about diffusion and the replacement of existing 

technologies.” 

 

System Innovation 

 

Grin, van Staveren (2007), Termeer, Dewulf (2009), Elzen, Leeuwis and van Mierlo 

(2008) have labelled the sustainable innovation ‘Closed Greenhouse’ as a system 

innovation. A system innovation is defined as a “transition from one socio-technical 

system to another” (Geels, 2005, p. 2). Such transitions are long term processes 

and entail changes in artefacts, infrastructure and even more importantly in 

behaviour. Or as Grin put it (2010, p. 224), system innovations involve “changes in 

both established patterns of action and the structures in which they are 

embedded”. Some scholars use the idiom transition; in this thesis we use the term 

system innovation. 

 

System innovation is a relatively new area of study that draws on theories that 

derive from science and technology studies, innovation studies, public policy, 

sustainability science and management literature. The field is normative in the 
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sense that it pursues sustainable development (Grin, Schot, Rotmans, 2010). A key 

notion within the field of system innovation is that improving current socio-

technical systems is not enough to cope with the un-sustainability problems. An 

envisioned system innovation should radically change the existing socio-technical 

system and result in a socio-technical system that is more beneficial to economic, 

environmental and social values (Bos and Grin, 2008, Grin et al., 2004). 

 

Although system innovations tend to develop non-linearly (Smits and Kuhlmann, 

2004), it is possible to identify four process phases on an analytical level (Geels, 

2005). In the predevelopment (first) phase, a novelty is designed to solve a 

problem. During the take-off (second) phase, conditions are developed that make 

it possible for the innovation to be generally implemented. Next, a breakthrough 

(third) phase occurs in which the novelty widely diffuses. In the fourth phase 

stabilisation occurs (Loorbach, 2007). These four phases bare strong resemblances 

to the S-curve shaped model on the rate of diffusion of innovations that is 

described by Rogers (2003).  

 

The key theoretical concept of system innovations is the multi-level perspective 

(Geels, 2004). The multi-level perspective model distinguishes three distinct levels 

that interact during system innovation processes: the niche (micro-level), the 

regime (meso-level) and the landscape (macro-level). The model was developed 

through studying historical ststem innovations. Geels studied the transition from 

sail to steam ship (Geels, 2002), from horse to car, from coal to gas (Geels, 2005) 

and from cesspools to sewer systems (Geels, 2006). Analyses of these historical 

cases show that the existing (dominant) regime needs to change to be able to 

implement system innovations. Institutional rules and behavioural routines need 

to adapt to align to the innovation. This is a difficult process, since the embedded 

standards are persistent to change (Geels, 2005): efforts of change will run into 

resistance and inertia (Grin, 2010).  

 

To counteract these hampering regime barriers, it is advocated to initially shelter 

valuable system innovations. Such partially protected spaces are called niches 

(Geels, 2005). Within the niche, actors from diverse institutional backgrounds can 

further develop the innovation to eventually make it compatible to the existing 

regime. Strategic niche management (SNM) addresses how to develop and support 

niches and how to protect them from hampering regime barriers (van den Bosch, 

2010). The landscape level represents external factors that influence regimes and 

niches. An example is the economical crisis that started in 2008.  
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Studies within the field of system innovation seem to either focus on the 

predevelopment phase, or to take into account the entire innovation process 

(from predevelopment until stabilisation). Although strategic niche management 

and other studies on the predevelopment phase offer valuable recommendations 

on how to manage and support the initial development phase of system 

innovations, they do not tackle the topic of initial diffusion. Studies that analyse 

the entire system innovation process (from predevelopment until stabilisation) 

(Geels, 2002) are generally less specific on the management of initial diffusion. 

Thus our study focuses on a relatively understudied topic in the field of system 

innovation: the phase of initial diffusion. 

 

5.3. Research Design: a Case Study Approach 

 

The complex nature of innovations, with a multitude of interacting factors, asks for 

a research approach that takes into account the full spectrum of innovation 

processes. As such it is not surprising that science and technology studies, 

innovation studies and system innovation research have a rich tradition in applying 

case study approaches (Yin, 2009). We adhere to this tradition and use a multiple 

case study approach as we examine the process of initial diffusion of a particular 

novelty in progress: the (semi) Closed Greenhouse. 

 

Case Introduction 

 

The (semi) Closed Greenhouse stores summer heat underground and recycles this 

heat to warm the (semi) Closed Greenhouse in the winter, which makes the (semi) 

Closed Greenhouse independent of natural gas (see text box 5.1 on next page).  

 

Different stakeholder groups find the concept of the (semi) Closed Greenhouse 

appealing. For growers the (semi) Closed Greenhouse provides a greenhouse in 

which many more climate parameters are controllable. For the Dutch government 

the usage of the (semi) Closed Greenhouse would provide a reduction of CO2 

emissions. With currently 10,000 hectares of regular greenhouses in The 

Netherlands, the greenhouse sector is responsible for 10% of the Dutch natural gas 

use. Widespread use of the (semi) Closed Greenhouse would direct horticulture 

towards a more sustainable future. For scientists the (semi) Closed Greenhouse 

opens up a new research field. The government’s ambition is that 7% of the Dutch 

greenhouses (700 hectares) use the (semi) Closed Greenhouse system by 2011, 
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and that this number should rise to 25% by 2020 (Ministerie van Landbouw, 

Natuur en Voedselveiligheid, 2008). 

 

Text box 5.1: Concept (semi) Closed Greenhouse 

 

Greenhouses provide a suitable crop climate. The sunlight that enters the greenhouses 

provides heat and photons to the crops. During winter, when sunlight is scarce, natural gas 

is burned in regular greenhouses to heat the greenhouse. In summer, when sunlight is 

abundant, the windows of the greenhouses are opened to loose excess heat.  

 

In 2001, Henk van Oosten (Innovation Network and SIGN) and Henk Huizingen (Innovation 

Network) discuss their idea to create ‘energy producing greenhouses’ with diverse experts 

in the field (Grin and Staveren, 2007). By using a different process to warm and cool the 

greenhouse, heating with natural gas becomes obsolete. The main parties involved in the 

development of this prototype greenhouse system were Innovation Network, Dutch 

Foundation of Greenhouse Innovation (in Dutch: ‘Stichting Innovatie Glastuinbouw 

Nederland’ (SIGN)), Wageningen University and Research Centre (research institute) and 

Innogrow (company). This greenhouse uses summer heat to warm itself in the winter. Heat 

exchangers harvest excess summer heat by warming cold water that runs through small 

tubes. The warmed water is stored underground and used as a source to heat the 

greenhouse in the winter. The system includes two underground water basins (aquifers); 

one with warm water and one with cold water. This makes it possible to create a yearly 

cycle. During summer, cooling happens through ventilating cold air that is created with the 

stored cold water. This water subsequently warms. During winter, the water stream 

reverses. Now, hot air is produced and ventilated. Subsequently, cold water is created, 

which is used for the upcoming summer. Because this novel heating and cooling system 

makes opening the windows of the greenhouse obsolete, the novel greenhouse is referred 

to as the closed greenhouse. In addition to declining natural gas use, the closed system 

creates the possibility to keep carbon dioxide and humidity levels high. In open 

greenhouses, CO2 and H2O evaporate through the open windows. 

 

 

Although the government, many growers and other stakeholder groups aspire 

general usage of the (semi) Closed Greenhouse (Productschap Tuinbouw and LTO 

Nederland, 2002), wider diffusion is proceeding slowly (Bakker et al., 2009). 

Despite numerous governmental policies to support the development of the 

closed greenhouse, in 2008 only a dozen (semi) Closed Greenhouses were 

operational in The Netherlands. The wider diffusion of the (semi) (semi) Closed 

Greenhouse was stimulated by the innovation programme TransForum, through 

the project Synergy, to which we will turn next. 
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Synergy as a Network of Initial Innovators 

 

The author of this thesis was introduced into a network of (semi) Closed 

Greenhouse growers, researchers and proponents as ILA-monitor of the project 

Synergy (for a description of the ILA-monitoing approach see chapter 1, section 1.4 

and Regeer et al., 2009; Hoes, Regeer and Bunders, 2010). TransForum initiated 

the project Synergie [Synergy] to stimulate the diffusion of the (semi) Closed 

Greenhouse (Bakker, Zwart and Campen, 2006; Hoes, Regeer and Bunders, 2008). 

TransForum is a national innovation programme that supports the sustainable 

development of agribusiness and rural areas (Veldkamp et al., 2009). Synergy was 

a temporary intermediary that facilitated heterogeneous collaboration between 

civil servants, researchers and growers.  

 

A key activity of Synergy was organising platform meetings with growers that 

implemented a (semi) Closed Greenhouse or that have the ambition to implement 

a (semi) Closed Greenhouse. These meetings functioned like a community of 

practice (Regeer and Bunders, 2003; Wenger, 1998): growers shared experiences 

and consulted each other with the aim of improving their work. 

 

The ILA-monitoring of Synergy took place from the beginning of 2006 until the end 

of 2008. Since our monitoring approach (Regeer et al., 2009) is in line with 

ethnographic (Gellner and Hirsch, 2001) and grounded theory principles (Strauss 

and Corbin, 1990), much effort was put in collecting a rich body of empirical data. 

As such, seven platform meetings and eleven other Synergy meetings were 

attended. In addition, twenty-four in-depth interviews were conducted with key 

stakeholders in the network, such as (semi) Closed Greenhouse growers, scientists 

and civil servants. 

 

In addition to this ethnographic approach (Ybema et al., 2009), desk research was 

conducted. Policy reports (i.e. Ministerie van Landbouw, Natuur en 

Voedselkwaliteit, 2006), internet forums (i.e. www.kasalsenergiebron.nl, 

www.energiek2020.nl), and case studies (i.e. Elzen, Leeuwis and van Mierlo, 2008; 

Grin and Staveren, 2007) on energy efficient greenhouses were analysed.  

 

Implementation Histories of Initial Innovators 

 

Since innovators play a pivotal role in realising initial diffusion of novelties 

(Alkemade, Kleinschmidt and Hekkert, 2007), we investigated the implementation 
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history of the first eight growers that implemented and used a (semi) Closed 

Greenhouse. The entrepreneurs all have an operational (semi) Closed Greenhouse, 

and were willing to openly talk about their innovation history. We would like to 

emphasise that these entrepreneurs are not what Rogers (2003) would call ‘early 

adopters’. Rather the eight studied growers are ‘initial innovators’; the small 

number of actors that are active at the very beginning, before a possible take-off 

occurs in which the difussion rate increases. Rogers (2003) describes that 

innovators comprise of no more than 2,5% of the total diffusion population. In 

chapter 1 we subdivided the group of innovators into three catagories: the 

prototypers (i.e. actors who are the first adopters of a specific novelty), the initial 

innovators (i.e. the actors who are the initial dozen adopters of a specific novelty 

after the prototyping phase), and the follow-up innovators (actors up to 2,5% of 

total diffusion population). In this paper we focus thus on the experiences of the 

initial innovators.  

 

All presented initial innovators were observed during group meetings and were 

interviewed separately. To guide the interviews, the interviewee and interviewer 

collectively constructed a time-line (van Mierlo et al. 2010) which focussed on the 

experiences of working with this novel greenhouse. Also, the growers explained 

why and how they implemented the (semi) Closed Greenhouse. 

 

The eight transcripts that were obtained from the interviews with the growers 

were analysed with the use of the qualitative coding system software ATLAS. The 

transcripts were labelled (Coffey and Atkinson, 1996) with codes that correspond 

to the following four questions: 

 

a. What triggered the grower to adopt a (semi) Closed Greenhouse?  

b. Which type of greenhouse did the grower implement?  

c. Which unexpected effects arose during the use of the (semi) Closed 

Greenhouse? 

d. Which actions did the growers take to overcome undesirable events? 

 

The eight cases that are compared in this study differ in crop production (from 

tomatoes to orchids growers): table 5.1 presents an overview. The growers that 

were interviewed had relatively big production firms. Several tomato growers 

possess, for example, around five hectares (50,000 m2) of greenhouses.  
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Table 5.1: Overview of compared cases 

Grower Crop Operational (semi) Closed Greenhouse 

since 

A Strawberries/tomatoes/ peppers 2004 

B Orchids 2004 

C Tomatoes  2006  

D Potted plants 2006 

E Tomatoes 2006 

F Tomatoes 2006 

G Orchids 2006 

H Tomatoes 2006  

 

5.4 Results: Comparing Implementation Histories of the (semi) Closed 

Greenhouse 

 

In order to gain insight into the dynamics of wider implementation of novelties, in 

this section we will address the following question: What does the (semi) Closed 

Greenhouse case reveal about the dynamics of the initial diffusion of novelties?  

We will gain insight into this question by answering the four questions that were 

used to analyse the implementation histories of the initial innovators. 

 

a. What triggered the growers to adopt a (semi) Closed Greenhouse? 

 

In the late 1990s, the concept of the Closed Greenhouse was developed to create a 

greenhouse in which more climate parameters could be regulated. Researchers 

expected that this more controlled environment would trigger growers to adopt 

the Closed Greenhouse as it could improve crop production. In contrast to this 

assumption, all growers mention that being less dependent on natural gas 

motivated them to use a Closed Greenhouse. Since the first Closed Greenhouse 

prototype (2002), natural gas prices have been rising. This pressured the growers 

to search for alternative growing methods. 

 

In addition, an expected increase in tomato production (Gelder, Heuvelink and 

Opdam, 2005) made the system appealing for growers A, C, E, F and H. However, 

for growers B, D and G (the potted plant and orchids growers) the expected 

increase in crop production is not appealing since this does not result in more 

income (in contrast to tomatoes, plants are not sold per weight unit). The orchids 

growers (B and G) prefer the (semi) Closed Greenhouse because it is well suited to 

create cool as well as warm greenhouse compartments. The orchids require a cool 
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and warm environment, depending on the development stage of the crop. In 

addition, some growers articulated more particular motives. For example, the 

potted plant grower (D) wanted to produce heath to warm surrounding buildings. 

He participated in a workgroup energy producing greenhouse of InnovatieNetwerk. 

Their vision was to create a more sustainable horticulture sector. 

 

Conceptual Implications for the Initial Diffusion of Novelties 

 

When we investigate the incentives of the initial innovators to adopt a (semi) 

Closed Greenhouse, we see a variety of reasons. The diverse reasons, which are 

summarised in table 5.2, seem to derive from the different contexts of the initial 

innovators. This observation is in line with the concept of interpretative flexibility 

(Bijker, 1995); artefacts have different meanings in different social groups. Our 

study shows that within a single social group (in our case growers who are also 

initial innovators) interpretative flexibility also occurs. 

 

- Notion 1: Novelties are characterised by high interpretative flexibility: 

each actor attributes a specific meaning to the concept. 

 

Table 5.2: Overview of motivations of growers to adopt a (semi) Closed Greenhouse 

Motivation Grower 

More controlled climate Prototype 

Independent of natural gas A, B, C, D, E, F, G, H 

Increase in crop production A, C, E, F, H 

(Semi) Closed Greenhouse can create high value heat  D 

Well suited to create cool and warm compartment B, G 

 

b. Which types of greenhouses did the growers implement?  

 

A surprising finding is that each grower developed a (semi) Closed Greenhouse 

that differs from the original prototype. This stands in sharp contrast with the core 

conviction that successful prototypes are adopted by initial innovators through 

simply copying the prototype. For example, grower E perceived the costs of the 

prototype Closed Greenhouse as too high. He decided to develop a cheaper 

variant: the semi-closed greenhouse. (This system uses additional cold air from the 

outside to cool the greenhouse. This is cheaper than only cooling with the 

aquifers.) The grower thus developed a system that he expected to be affordable, 

less dependent on natural gas, and that would create an increase in crop 

production. 
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Grower D (the potted plant grower) also designed a new system. Together with 

the company Fiwihex and Wageningen University and Research Centre, grower D 

developed a more efficient heat exchanger: the Fiwihex. (This is a small heat 

exchanger, and therefore 250 fiwihexes per hectare are needed to regulate the 

climate in this Closed Greenhouse system instead of one central heat exchanger 

(Elzen, Leeuwis and van Mierlo, 2008). This de-central system makes the use of 

ventilation tubes unnecessary. In 2000, these fiwihexes still had to be developed 

(Grin and Staveren, 2007). In 2006, six years after the initial idea, the fiwihex 

Closed Greenhouse was operational.  

 

Growers E and D illustrate how initial innovators might dramatically alter the 

prototype system. Other growers combined features of existing greenhouses, 

which again resulted in new greenhouse systems. For example, in 2006 grower H 

developed a system that adopted parts of the greenhouse systems of growers D 

and E. This tomato grower installed a semi-closed greenhouse with de-central heat 

exchangers. The abovementioned examples show that growers developed a wide 

variety of (semi) Closed Greenhouse systems. Table 5.3 gives an overview of the 

differences in the greenhouses. 

 

Table 5.3: Technical differences of first operational (semi) closed greenhouses 

System Type  Specification of grower’s greenhouse system 

Concept Closed greenhouse Prototype, A, D 

Semi closed greenhouse C, E, F: with outside suction system  

B, G, H: by opening windows 

Main 

climate 

system 

Central heat exchanger 

(Innogrow) 

  

Prototype  

A: cooling in the bottom of the greenhouse 

C: cooling in the top of the greenhouse  

E, F: with aquifer and outside cooling in the 

bottom of the greenhouse 

De-central heat 

exchanger (Fiwihexes) 

D: first model of Fiwihexes 

Cooling installation B: rebuild to function as a heat exchanger 

De-central ventilation H. G: with warm (28 °C) and cold (18 °C) areas 

Additional 

technology 

to control 

climate 

Adiabatic cooling At least F and H 

Specific screen material At least D 

Specific isolating material  B, G 

Lighting system  At least B and F 
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Conceptual Implications for the Initial Diffusion of Novelties  

 

When comparing the eight cases we see that all initial innovators did not just copy 

or refine the prototype of the innovation but actually reconstructed it. Therefore 

our second notion states: 

 

- Notion 2: Novelties are adopted through reconstruction by initial 

innovators. 

 

This reconstruction process is a result of the need to create a system that is in line 

with the desires and contexts of the initial innovator. Rogers (2003) addresses the 

occurrence of re-invention. He defines re-invention as: “the degree to which an 

innovation is changed or modified by a user in the process of its adoption and 

implementation” (Rogers, 2003, p.180). Rice and Rogers (1980, p. 503) state that 

scholars “have usually ignored the concept of reinvention, considered it 

troublesome, or re-categorised it so as to make it disappear, thus treating it as 

‘noise’.” This lack of attention to reconstruction (re-invention) also seems to take 

place in other domains such as system innovation and innovation policy. 

 

When investigating the process of reconstruction, we see that it is achieved by 

removing the prototype from its initial context (decontextualising), and then 

rebuilding a system in the context of the initial innovator (recontextualising). This 

de- and recontextualisation is realised by breaking down the socio-technological 

links of the prototype into several bits and pieces (Bos, 2008; Feenberg, 2008). 

These bits and pieces are used to rebuild a new socio-technological system that is 

in line with the context of the initial innovator. Feenberg (2008) uses the concepts 

of de- and recontextualisation to describe novel technology development; an 

activity that has always been associated with the predevelopment phase of system 

innovations. Our case analysis shows that adoption of novelties through 

reconstruction may not be as different from the process of novel technology 

development as current (system) innovation theory implies.  

 

The initial innovators tailored the initial Closed Greenhouse prototype to create a 

system that is valuable in their context. Because the initial innovators operated in 

different contexts, and had divergent visions and motives, each developed a 

different system. Figure 5.1 illustrates this reconstruction process and how this 

resulted in the emergence of multiple (semi) Closed Greenhouse systems. What 
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the implications are of using a reconstructed system will be explored in the 

following section. 

 

Figure 5.1: Reconstructing the Closed Greenhouse. 

 

c. Which unexpected effects arose during the use of the closed greenhouse? 

 

Most growers experienced unexpected events when they used the greenhouse. 

Some growers noticed surprising benefits when using their novel greenhouse. For 

example, for grower D the Closed Greenhouse created the opportunity to further 

experiment with climate conditions for potted plants. In the open greenhouse, 

Costa Rican plants were placed in the shadow. Alterations of CO2 and humidity 

levels in the Closed Greenhouse made it possible to place Costa Rican plants in the 

sun. This change in climate had consequences for the development of the crop. For 

some crops the leaves altered in colour and thickness. In addition, the 

development cycle of some of the plants shortened. As grower D said: “I believe 

that my closed greenhouse provides the best climate for my crops. I found that 

putting the crops in the shadow (the procedure we normally take) does not provide 

the perfect climate. Before you start with growing in a closed greenhouse, you 

think that you know how the crops need to be cultivated. I found out that we did 

not know it that well. In the closed greenhouse I had to learn again how to grow 

crops”.  
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Growers E, F and G stated that crop management in a (semi) Closed Greenhouse is 

easier than in an open greenhouse. Because the system is closed, the greenhouse 

climate is less influenced by outside climate factors; it is a more controlled system.  

 

Unfortunately, some growers experienced negative crop behaviour in the (semi) 

Closed Greenhouse. When the semi-Closed Greenhouse of grower E was 

operational, the leaves of a plant started to fold. Folded leaves absorb less light 

and therefore produce less energy resulting in a reduction of tomato production. 

This hurts the grower, since costs of electricity and labour remain the same. The 

growers were flabbergasted by the folding of the leaves since they had never seen 

such crop behaviour before. The grower reacted shocked to this crop behaviour 

since he was unfamiliar with it: “I have never seen this in my life. I was 

flabbergasted”.  

 

Grower F was also disappointed during the first operational year: the size of the 

tomatoes in the (semi) Closed Greenhouse was smaller than in the open 

greenhouse. This was in contrast to his expectation of increase in crop production. 

However, not all tomato growers had poor results: Grower A produced 22% more 

tomato weight in the Closed Greenhouse. 

 

The orchid growers experienced unforeseen positive and negative effects of the 

(semi) Closed Greenhouse on the crop. Grower B observed that in a (semi) Closed 

Greenhouse more orchids produced multiple flowers. The price of this type of 

orchids is higher. This result triggered other orchid growers to consider and adopt 

a (semi) Closed Greenhouse system. Grower G, also an orchid grower, experienced 

negative effects during the first operational year. This grower saw that more 

viruses and bacteria were attacking his orchids than in his previous greenhouse 

system. Table 5.4 presents an overview of unexpected positive and negative 

effects.  

 

Table 5.4: Overview of unexpected effects in operational (semi) Closed Greenhouses 

Positive unexpected effects of (semi) 

Closed Greenhouse 

Negative unexpected effects of (semi) 

Closed Greenhouse 

Opportunity to experiment with different 

climate parameters 

Folding of tomato leafs, which results in 

small tomatoes 

Can create better crop climate  Increase in bacteria and virus growth 

Easier to regulate the climate  

Increase in value of orchids  
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Conceptual Implications for the Initial Diffusion of Novelties 

 

Because there was no experience in working with these systems, there are 

uncertainties about the functioning of the system. Our third notion states: 

 

- Notion 3: Adoption of novelties entails high uncertainty about the costs, 

benefits and functioning of the system.  

 

Uncertainty is “considered to be one of the major blocking mechanisms of socio-

technical transformation” (Meijer et al., 2006, p.215). Some might argue to reduce 

uncertainty. However, it is questionable if uncertainty can be reduced during 

reconstruction. The folding of the leafs of tomato plants in (semi) Closed 

Greenhouses illustrates that changes made to a certain element in the socio-

technical system, can have impact on other elements within the system as well. 

Hughes (1987) used the metaphor of a ‘seamless web’ for technology 

development. When certain elements within a ‘seamless web’ are changed, 

unforeseen (side) effects can arise (Hughes, 1987). In our case, changes made to 

the cooling technique in the socio-technical network of tomato plants, glass plates, 

growers, water transport system, and so on resulted in less production of 

tomatoes. Therefore we argue that uncertainty is inherently high during 

reconstruction and that strategies need to be developed to assist initial innovators 

to cope with uncertainty.  

 

d. Which actions did the growers take to overcome undesirable events? 

 

The growers that experienced unexpected negative effects in the (semi) Closed 

Greenhouse could not comprehend what caused these negative reactions. In 

pursuit of explanations, the initial innovators initially consulted available 

knowledge. This is illustrated with the story of orchid grower G. When he observed 

an increase of bacteria and viruses in the semi Closed Greenhouse, he asked 

several employees whether they had any theories that could explain this 

phenomenon. When nobody could provide satisfactory explanations, he shared his 

concerns with a tomato grower during a Synergy platform meeting. This tomato 

grower assumed that humidity levels in the semi Closed Greenhouse of grower G 

were too high. High humidity levels are an ideal climate for bacteria and virus 

growth. The tomato grower advised his colleague to occasionally open the 

windows of the semi Closed Greenhouse to decrease humidity levels. Grower G 

followed this advice, and the problem with viruses and bacteria disappeared. He 
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learned that too high humidity levels caused negative reactions in his greenhouse 

system. This lesson was rather ironic for grower G, because he experienced a too 

dry climate in his previous regular greenhouse. This example illustrates the 

importance of sharing information between initial innovators to solve problems 

that occur during innovation trajectories. 

 

A second example of an unexpected negative effect in the (semi) Closed 

Greenhouse is the folding of the tomato leafs in the greenhouse of grower E. This 

negative crop reaction meant loss in crop production and therefore in income. To 

find a solution to this problem, grower E not only consulted his employees but also 

researchers. These researchers were intrigued by this unexpected crop behaviour, 

because they had never seen it before. In pursuit of explanations, the researchers 

consulted literature and international colleagues. These sources could not provide 

a satisfactory explanation. To gain further information, grower E discussed his 

observations with colleagues that also grew tomatoes in (semi-)Closed 

Greenhouses. The strange crop behaviour was recognised by these initial 

innovators. However, none of the initial innovators could formulate a logical 

explanation for this reaction. A hypothesis on what caused the folding of the 

tomato leafs could not be formulated on the basis of available knowledge.  

 

Since the (semi) Closed Greenhouse is a novel technology, limited experiential 

knowledge about the use and functioning of the system is at hand. The growers 

realised that they had to develop new knowledge about the (semi) Closed 

Greenhouse system in order to let it function more effectively. Therefore, most 

growers spontaneously started to experiment. Or, as one grower stated: “You need 

to learn to work with this new system. Therefore, you need to experiment.” Some 

growers developed small test plots in their greenhouse. Here crops are cultivated 

under different climate conditions to gain understanding of the optimal climate in 

the (semi) Closed Greenhouse for specific crops.  

 

The tomato growers that adopted a (semi) Closed Greenhouse decided to form a 

learning group. The main purpose of this group was to collectively develop 

knowledge on the folding of the tomato leaf. During their meetings the tomato 

growers exchanged observations of crop reactions in the (semi) Closed 

Greenhouse. In addition, they shared and discussed interpretations of these 

observations. After several working sessions, the tomato growers formulated a 

hypothesis about the folding of the leafs. They expected that the alteration in the 

vertical temperature gradient caused this negative effect on the tomato crop. 
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Open greenhouses are cooled by air that blows down on the crops from the top of 

the greenhouse. In the (semi) Closed Greenhouse cold air is added through a 

ventilation system. The exit point of this cold air is at the bottom of the 

greenhouse, just underneath the crops. This alteration in the vertical temperature 

gradient could explain the unexpected negative effect on the crop. Until now 

growers had not considered the climate parameter of vertical temperature as 

relevant. Researchers (Campen and Gelder, 2007; Elings et al., 2007) found 

scientific publications from the 1980s that confirmed the importance of the 

vertical temperature gradient.  

 

Unlike the tomatoes, orchids did not react negatively to the change in vertical 

temperature gradient. Orchid grower G emphasised the benefits of bringing the 

cold air near the roots of the crop. “You need to bring the cold where it is needed. 

My crop is short. When I bring the cold near the roots, a cold blanket covers the 

crops, just like an open freezer in the supermarket. That way I do not need to cool 

the whole building but only the area where the crops are present”. This illustrates 

that formulating universally valid rules on the functioning of the (semi) Closed 

Greenhouse is impossible (and maybe even irrelevant), because there are multiple 

(semi) Closed Greenhouse systems with different crops and different functions. 

Context specific knowledge is more valuable for initial innovators.  

 

Although the experimentation of the growers started rather intuitively, in 2007 

these activities professionalised with the assistance of Synergy. Growers and 

researchers noticed during platform meetings that comparing the different 

experimental data was difficult. Each grower used a different monitoring approach 

and data were not systematically recorded. To tackle this problem, Synergy 

created a monitoring protocol to be able to systematically record and compare 

data (Kipp, Gieling and Bruins, 2008).  

 

In addition, two researchers that participated in Synergy started to increase the 

involvement of the research community from 2006 onwards. They encouraged 

researchers to participate in meetings of growers (Hoes, Regeer and Bunders, 

2008) and successfully applied for (semi) Closed Greenhouse research funding. The 

research questions that were addressed in this research proposal derived from the 

questions that growers posed at the platform meetings. During the execution of 

these studies, there were face-to-face feedback moments between the growers 

and researchers to steer the research. 
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In 2007 several (semi) Closed Greenhouse research projects were initiated. The 

researchers that conducted the studies joined forces with the growers. For 

example, one research project aimed at comparing and analysing the monitoring 

data of the growers. In addition, preliminary research results were presented at 

platform meetings with the aim of providing useful insights and gaining feedback. 

Growers reflected on the research results and activities and gave advice on which 

research direction was valuable for them. Although more researchers joined the 

platform meetings, the main purpose of the platform meetings continued to be 

exchanging experiences between growers.  

 

Our case shows that initial innovators collaborated and experimented to gain 

knowledge that was necessary to address the negative reactions in the (semi) 

Closed Greenhouse. Most growers stated that they had to invest more energy in 

adopting the (semi) Closed Greenhouse than they had anticipated. Or, as grower F 

puts it: “10% of my greenhouses are closed; however, it takes 50% of my energy 

and time to keep them running”. This high amount of hard work is needed to learn 

how the (semi) Closed Greenhouse functions and how to manage it. This is 

illustrated by the following quote of grower D: “Before you start with growing in a 

closed greenhouse, you think that you know how the crops need to be cultivated. I 

found out that we did not know it that well. In the closed greenhouse I had to learn 

again how to grow crops”. And grower E states: “We thought that we knew how 

crops grow. For thirty years we used standardized procedures to operate our open 

greenhouses. Now, we see unexpected behaviour that we cannot explain. 

Apparently, we do not know so much about crop behaviour as we assumed. Now, 

we have to think about every action and analyse the response”. All initial 

innovators emphasised how difficult the first operational year is. Or, as grower J 

puts it: “In the beginning you make many mistakes. This costs money and hurts”.  

 

Conceptual Implications for the Initial Diffusion of Novelties 

 

Due to the phenomenon of reconstructions, adoption of novelties during the 

phase of initial diffusion should be perceived more as acts of experimentation than 

as implementation activities. Hence, we formulate a forth notion: 

 

- Notion 4: Adoption of novelties during the phase of initial diffusion should 

not be perceived as implementation acts but rather as learning 

trajectories with experimentation. 
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The experimentation is characterised as contextualised, flexible and with short 

feedback loops and can be considered as a doing, using and interacting (DUI) mode 

of innovation (Jensen et al., 2007). This notion suggests that the process of 

adoption of novelties during the phase of initial diffusion may not be as different 

from the process of predevelopment as current theory implies. 

 

5.5 Innovation Policies to Support Adoption of Novelties During the Phase of 

Initial Diffusion  

 

So far, our study shows that novelty designs are subject to change during initial 

diffusion, the phase directly after the prototyping phase. This is illustrated by: 

- Notion 1: Novelties are characterised by high interpretative flexibility: 

each actor attributes a specific meaning to the concept. 

- Notion 2: Novelties are subsequently adopted by initial innovators 

through (distinct) reconstruction. 

Multiple reconstructions seem important since they counteract path dependency 

and generate a more adaptive technology. Such an adaptive technology is more 

responsive to local problems and or changing conditions (Rice and Rogers, 1980). It 

creates a technology that is more appealing to adopt since it fits more 

appropriately to different local contexts. This rational implies that innovation 

programmes and managers should not directly strive for standardisation, which is 

often seen as an important precondition for technology diffusion (Bijker, 1995), 

but rather embrace the emergence of diverse systems. 

 

However, the phenomenon of reconstruction causes two distinct system 

innovation challenges:  

 

First, only a limited number of entrepreneurs consider to adopt novelties during 

the phase of initial diffusion: especially if this entails reconstruction. This poses the 

following challenge:  

 

• How to overcome the barrier that entrepreneurs are not eager to adopt 

novelties during the phase of initial diffusion?  

 

Entrepreneurs have a tendency to wait for the next generation of the novelty, 

whereas this next generation needs to be (re)constructed by these very 

entrepreneurs. The analyses of the eight initial innovators provide us with notions 
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that further specify why entrepreneurs are hesitant to adopt novelties if this 

entails reconstruction: 

- Notion 3: Adoption of novelties entails high uncertainty about the cost, 

benefits and functioning of the system. 

In addition, entrepreneurs of SME’s may feel hesitant to manage the innovation 

trajectories since the fourth notion states: 

- Notion 4: Adoption of novelties during the phase of initial diffusion should 

not be perceived as implementation acts but rather as learning 

trajectories with experimentation. 

This entails a different management approach than overseeing a conventional 

operational farm. 

 

Second, the occurrence of reconstruction may threat some values that are in-

scripted in the novelty during the prototyping phase (for more information on the 

concept of inscription see Akrich, 1992). Reconstruction could result in the 

unlinking of valuable scripts eventually leading to a less sustainable (semi) Closed 

Greenhouse. Therefore we pose the following challenge: 

 

• How to overcome the barrier that multiple reconstruction could result in a 

less valuable design?  

 

Both these challenges can be considered from an innovation policy perspective. 

We will do this next by addressing the question: What types of innovation policy 

could support the adoption of novelties during the phase of initial diffusion? To 

answer this question, we will first elaborate on the initial innovators’ strategies to 

overcome innovation challenges. Next, we will investigate the policy instruments 

that were implemented to stimulate wider diffusion of the closed greenhouses. 

Subsequently, we will assess to what extent implemented innovation policy 

attended to our identified challenges. We will conclude this section with 

suggestion for innovation policy. 

 

Strategies of Initial Innovators to Overcome Adoption Challenges  

  

Seeking information about the novelty was one of the first actions that the initial 

innovators took when they were considering to implement the (semi) Closed 

Greenhouse. Certified and explicit knowledge was collected by studying 

information on the Internet and by consulting experts. More specific and 

contextualised knowledge was gathered by developing collaborations with experts. 
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For example, initial innovators consulted other pioneer growers during many 

crucial moments within the implementation and usages trajectory. In addition, 

researchers and initial innovators shaped collaborations. These collaborations are 

illustrated in the above case descriptions. Thus, our case shows that initial 

innovators developed a broad network of growers, scientists, contractors and 

other actors such as experts from the energy sector. When we look at the diverse 

actors with whom the initial innovators collaborated, it becomes apparent that 

initial innovators did not directly collaborate with civil servants. Scholars in 

science, technology and innovation studies highlight the importance of a broad 

social network (that goes beyond the institutional boundaries) with 

transdisciplinary research activities for successful innovation (Etzkowitz and 

Leydesdorff, 2000; Grunwald, 2004; Hoes, Regeer, and Bunders, 2008). 

 

Another strategy was to seek actors that are willing to share adoption investments. 

For example, the (semi) Closed Greenhouse of grower E is financed by twenty 

growers. Grower F lowered his risks by constructing a lease contract for the (semi) 

Closed Greenhouse with an energy company that wanted to invest in sustainable 

energy. In addition, several initial innovators got financial support from the 

government to lower the investment costs of the (semi) Closed Greenhouse 

building. The network building activities made the search for risk sharing partners 

easier.  

 

In addition, the initial innovators requested a specific and novel subsidy from the 

Ministry of Housing, Spatial Planning and the Environment. Some growers with 

(semi) Closed Greenhouses generated less crop production than anticipated. This 

loss in income made it difficult for these growers to continue. The initial innovators 

felt that it would be wise to provide financial support for these growers in order to 

stimulate the further development of the innovative (semi) Closed Greenhouse. 

This implies a highly flexible subsidy that does not only aim at financing the 

hardware but also incorporates unforeseen effects. 

 

Furthermore, because limited knowledge was available on the functioning of the 

(semi) Closed Greenhouse, initial innovators had to gain crucial knowledge through 

experimentation. Examples of experimentation activities are given in section 5.4 

and are summarised in table 5.5. The experimentation is characterised as 

contextualised, flexible and with short feedback loops and can be considered as a 

doing, using and interacting (DUI) mode of innovation (Jensen, Johnson, Lorenz, 

and Lundvall, 2007).  
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Table 5.5: Main features of strategies of initial innovators to overcome adoption challenges 

Type of strategy Activities 

Knowledge sharing Internet  

Consultation of experts 

- Growers and researchers 

Collaboration with experts 

- Growers, researchers, contractors and energy sector 

Sharing financial risks Sharing investments 

- With other growers 

- With energy sector by lease construction 

- With government by subsidy 

Sharing unexpected financial loses 

- With other growers 

- Request for new type of subsidy 

Experimentation Solo experiments with different  

- Temperatures, shadow / light ratios, ventilation 

speeds and humidity 

Collaborate experiments with different 

- Greenhouse systems  

- Crops 

- Managements 

Research projects 

- Within the growers’ data 

- At the research institute  

 

Our study shows that sharing knowledge, sharing risks and experimentation are 

successful activities of initial innovators to overcome adoption challenges (see 

table 5.5). In the next section we describe the government’s policies to stimulate 

the development and diffusion of the novelty (semi) Closed Greenhouse to 

investigate to what degree they are in line with the successful innovation 

strategies of the initial innovators.  

 

Innovation Policy in (semi) Closed Greenhouse Case 

 

The Dutch government and greenhouse sector took several measures to stimulate 

the development and diffusion of energy friendly greenhouses (e.g. (semi) Closed 

Greenhouse). Between 2002 and 2008 a budget of over 160 million euro's was 

reserved to invest in several innovation programmes, research and prototyping 

projects. Most of these funds (145 million euro's) were directed at reducing 
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investments costs by financing 40 percent of the novel energy friendly greenhouse 

buildings (Ministerie van Landbouw, Natuur en Voedselkwaliteit, 2006).  

 

In 2002 the Productschap Tuinbouw [Horticultural Product Board] formulated the 

ambition to transform the energy consumption of the horticultural sector 

(Productschap Tuinbouw, 2002). The programme Kas als Energiebron [Glasshouse 

as an Energy source] was given the assignment to execute interventions that steer 

towards realising this ambition. The programme has a budget of 8 million Euro per 

year and is financed for 50 percent by the Ministry of Agriculture, Nature and Food 

Quality and for 50 percent by the Horticultural Product Board (Kas als Energiebron, 

2007). As such, research and prototyping initiatives on the (semi) Closed 

Greenhouse are supported by Glasshouse as an Energy source programme. In 

addition, this programme facilitates mediated communication and knowledge 

sharing between actors of the (semi) Closed Greenhouse network through 

websites (www.energiek2020.nl; www.kasalsenergiebron.nl). At present, the 

programme is supported by the Dutch Ministry of Agriculture, Nature and Food 

Quality (Productschap Tuinbouw and Ministerie van Landbouw, Natuur en 

Voedselkwaliteit, 2006). 

 

Another strategy to stimulate innovations was the development of system 

innovation programmes (SenterNovem, 2008). These programmes aspire to 

change the practices and/or the infrastructure in which these practices take place 

(J. Grin et al., 2004; Smits and Kuhlmann, 2004). Each programme focuses on 

changing a specific sector. TransForum and InnovatieNetwerk are system 

innovation programmes that stimulate the sustainable development of the 

agricultural sector (InnovatieNetwerk, 2003). A much used intervention strategy of 

these innovation programmes is to support or develop projects that stimulate 

potentially desirable innovations. In this line of reasoning, TransForum initiated 

the project Synergy (Hoes, Regeer, and Bunders, 2008) and InnovatieNetwerk the 

project Energie Producerende Kas [Energy Producing Greenhouse] (Grin and 

Staveren, 2007). The project Energy Producing Greenhouse supported the 

realisation of the (semi) Closed Greenhouse system of grower D. 

 

The project Synergy started with the ambition to stimulate early adopters to 

implement a (semi) Closed Greenhouse. The main focus of the project shifted 

towards supporting initial innovators who were adopting a (semi) Closed 

Greenhouse. The project coordinator did this because he assumed that wider 

diffusion could only be realised if the initial innovators had successful adoption 



Chapter 5 

158 

 

trajectories. The project had a total budget of 1 million euro for the period of 

Augustus 2005 until the end of 2008 (Synergie, 2005). Synergy supported these 

initial innovators by facilitating knowledge sharing, knowledge creation, (inter-

institutional) collaboration, experimentation and scientific studies.  

 

In 2007 additional research and development funds of 3 million euro per year were 

made available by the Ministry of Agriculture, Nature and Food Quality 

(Versnellingsprogramma stimulering implementatie semi-gesloten kassen [Impulse 

programme adoption (semi) Closed Greenhouses]) (Ministerie van Landbouw, 

Natuur en Voedselkwaliteit, 2008).  

 

In addition, this Ministry financed up to 40 percent of the investment costs for the 

next 25 novel energy efficient greenhouses in 2007 (Ministerie van Landbouw, 

Natuur en Voedselkwaliteit, 2006). The Ministry reserved a budget of 145 million 

euro for this and two other investment subsidies that support the development of 

more energy friendly greenhouses from 2007 to 2009 (Kas als Energiebron, 2007). 

Although 10 growers requested this financial support to develop a (semi) Closed 

Greenhouse, only a few of these growers subsequently decided to implement a 

(semi) Closed Greenhouse. Other Ministries also showed their support for the 

further development of the concept (semi) Closed Greenhouse by signing a 

covenant, which states that in 2020 25 percent of the greenhouses should use this 

novel system (Ministerie van Landbouw, Natuur en Voedselveiligheid, 2008). 

 

In 2007 Wageningen University and Research Centre started to expand its research 

activities in the field of (semi) Closed Greenhouses. This is illustrated by the 

appointment of a professor crop physiology in energy efficient greenhouses. 

 

Assessment of Current Innovation Policy 

 

When we investigate the implemented innovation policy in the (semi) Closed 

Greenhouse case we see that the challenge of stimulating adoption by 

entrepreneurs is mostly addressed by reducing the investment cost through partly 

financing the technological hardware of the innovation. In the (semi) Closed 

Greenhouse case a budget of 145 million euro's was reserved for such financial 

support. This approach of stimulating diffusion of technology by reducing “first and 

foremost financial obstacles” (Rolfo and Calabrese, 2006, p. 259) is a much used 

intervention. However, there were no flexible financial support structures for 

initial innovators that encountered unforeseen calamities. At a platform meeting 
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of Synergy in the end of 2008 one grower said: “It seems as if the government 

cannot establish other forms of support than investment subsidies for the closed 

greenhouse building. However, we notice that some growers need support during 

the first operational years.”  

 

Furthermore, our findings suggest that it is not merely financial constraints that 

hamper entrepreneurs to adopt novelties. The high uncertainty about the costs 

and benefits of the system and the prospect of a difficult innovation trajectory also 

hampers wider adoption. 

 

Substantially fewer resources were used to stimulate the learning trajectories of 

initial innovators. The intermediary Synergy, who facilitated experimentation and 

collaboration of initial innovators, had a budget of 1 million euro’s to spend over 

three years (see text box 2, page 8). The initial innovators indicated that they 

perceived the support of Synergy as valuable. The number of growers that 

attended the meetings was relatively high (60% of the Synergy participants), 

notwithstanding the voluntary status of the meetings and the demanding agendas 

of the initial innovators (Hoes, Regeer, and Bunders, 2008). Initial innovators say 

that the discussions at the platforms contributed to gaining further understanding 

of their novel system. This is illustrated by the statements of grower D: “At the 

platforms we have very profound discussions about for example cultivating 

techniques. We recognize each other’s problems. Collectively, we consider and try 

different cultivating strategies”.  

 

The community of practice that the initial innovators and Synergy developed did 

not only support knowledge co-creation but also raised moral. During the meetings 

several growers and the project coordinator highlighted that the initial innovators 

were doing extraordinary work. This boosted the enthusiasm of the growers. Or, as 

grower D indicated: “These meetings support you when things look bad”. In 

addition, through the network of the project the initial innovators had indirect 

contacts with employees of the Ministry of Agriculture, Nature and Food Quality. 

Grower B said: “The project coordinator has contacts with policy developers. It is 

comforting to know that he shares our insights with these actors. Hopefully, this 

contributes to gaining needed assistance”. 

 

Furthermore, we noted that the challenge of keeping the initial values in-scripted 

into the system innovation design is not addressed by current innovation policy.  
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Suggestions for Alternative Innovation Policy 

 

Our research indicates that the dynamics within the phase of initial diffusion of 

novelties may not be as different from the phase of prototyping as current system 

innovation theory implies. The design is still subject to change, uncertainty is high, 

and experimentation is needed. Therefore we argue that if the government wants 

to support the diffusion of novelties it is recommendable to further shelter the 

novelty during the phase of initial diffusion.  

 

Innovation policy makers could shelter the novelties by addressing the dilemma 

that entrepreneurs are hesitant to adopt by: for initial innovators through: 

• creating an insurance instrument that covers unexpected failure;  

and by reducing the experimentation burden of initial innovators by: 

• sharing experimentation costs. 

 

In addition to financial resourses, our study indicates that initial innovators are in 

need for human resources. Intermediaries (or boundary organisation) could 

provide such support. Intermediaries can facilitate alignment between the 

business, policy and science domain. In addition they facilitate engagement of 

relevant actors which assists in:  

• improving experiments and; 

• facilitating knowledge sharing between initial innovators. 

 

Furthermore, an intermediary could address the challenge that multiple 

reconstruction could result in a less valuable design by:  

• making the values of specific features of the system innovation explicit; 

• monitoring to what extent these features are (threatened to be) de-

scripted. 

Ideally, the intermediary would go further than keeping the sustainability values 

in-scripted. In theory there is an opportunity to improve the design of novelties by 

adding new features during reconstruction. Previous research shows that altering a 

technology that has already reached its final form and is widely adopted is 

extremely hard (Geels, 2004). By utilising the initial openness of novelties, the 

opportunity is given to further improve the system innovation. For example by:  

• investigating needs of other actors and; 

• investigating opportunities to in-script these additional values into the 

design.  
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5.6 Conclusion 

 

This chapter began with the broad objective of gaining further understanding into: 

(i) the dynamics of initial diffusion of novelties and (ii) the types of innovation 

policy that could support the initial diffusion of novelties. Our case study revealed 

the following four notions on the dynamics of adoption (see table 5.6): 

 

Table 5.6: Overview of four notions on adoption of novelties. 

 

Notion 1 

 

 

Notion 2 

 

Notion 3 

 

 

Notion 4 

 

Novelties are characterised by high interpretative flexibility: each actor 

attributes a specific meaning to the concept. 

 

Novelties are adopted through reconstruction by initial innovators. 

 

Adoption of novelties entails high uncertainty about the cost, benefits and 

functioning of the system. 

 

Adoption of novelties should not be perceived as implementation acts but 

rather as learning trajectories with experimentation. 

 

This study shows that novelties are subject to change during the initial phase of 

wider implementation of novelties. So far this notion is not taken into account in 

system innovation theory. Rather, from Geels and Schot’s (2007) study we may 

distil that novelties are rather static artefacts as they refer to novelties as add-ons 

or component replacements. This may be the case if the novelty reaches its final 

form (i.e. stabilises). Our study illustrates that during the phase of the first follow-

up businesses, closure of novelties has not yet taken place. Therefore, we argue 

that in the early stages of wider implementation, the novelty is not something 

‘static’. On the contrary, there is ample room for different interpretations, 

configurations, and ‘framing’ of the novelty.  

 

If the government wants to stimulate the wider adoption of novelties, it is 

recommendable to develop additional policies and intermediaries who further 

shelter the novelty during the phase of initial diffusion. The intermediary can 

ensure that initially in-scripted values are kept into the design as well as reduce 

the experimentation and learning burdens upon initial innovators that are willing 

to adopt through reconstruction.  
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One might argue that since the presented research was based on a single 

technology, the conclusions cannot be generalised. We recognise that further 

research is needed to verify to what extent our findings are applicable to other 

cases and domains. Looking at the context of our study, it can be expected that our 

notions are particularly relevant for cases of adoption of radical novel technically 

by small and medium sized enterprises that have already been operational for 

some time. It would be interesting to compare our case to accounts of adoption in 

other contexts such as adoption by multinationals, or adoption by new enterprises 

in domains outside the agricultural sector such as IT, the health sector or 

education. 


