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Abstract

Emerging renewable energy technologies cannot break through without the involvement of entrepreneurs who dare to take action

amidst uncertainty. The uncertainties that the entrepreneurs involved perceive will greatly affect their innovation decisions and can

prevent them from engaging in innovation projects aimed at developing and implementing emerging renewable energy technologies. This

article analyzes how perceived uncertainties and motivation influence an entrepreneur’s decision to act, using empirical data on biomass

gasification projects in the Netherlands. Our empirical results show that technological, political and resource uncertainty are the most

dominant sources of perceived uncertainty influencing entrepreneurial decision-making. By performing a dynamic analysis, we

furthermore demonstrate that perceived uncertainties and motivation are not stable, but evolve over time. We identify critical factors in

the project’s internal and external environment which influence these changes in perceived uncertainties and motivation, and describe

how various interactions between the different variables in the conceptual model (internal and external factors, perceived uncertainty,

motivation and previous actions of the entrepreneurs) positively or negatively influence the decision of entrepreneurs to continue

entrepreneurial action. We discuss how policymakers can use these insights for stimulating the development and diffusion of emerging

renewable energy technologies.

r 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The ever-growing body of literature on innovation and
entrepreneurial decision-making reveals that there is a large
and diverse set of factors influencing the decision of
entrepreneurs whether or not to engage in innovation
activities. These numerous factors range from character-
istics of the innovation itself (e.g. the distinction between
radical versus incremental innovations or the relative
e front matter r 2007 Elsevier Ltd. All rights reserved.
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advantage of an innovation compared with established
technologies (Dewar and Dutton, 1986; Henderson and
Clark, 1990; Rogers, 1995)) to characteristics of the
decision-making actor (such as personal or cultural
characteristics that distinguish entrepreneurs from non-
entrepreneurs or innovators from laggards (Brockhaus,
1980; Rogers, 1995; Shane, 1995)), characteristics of the
environment in which the entrepreneur is operating (e.g.
the stability of the market demand or the degree of
competition (Porter, 1980; Teece et al., 1997)) and so on.
However, independent of the type of actor, the type of
innovation or the type of environment, all innovation
decisions inherently involve uncertainty (Nelson and
Winter, 1977; Dosi, 1982; Rosenberg, 1996; Edquist,
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1997). Therefore, uncertainty is considered a very impor-
tant factor to focus on in order to gain a better
understanding of innovation decisions.

The intrinsically uncertain character of innovation
decisions is particularly true for innovation decisions
concerning emerging technologies, i.e. technologies that
are still in an early phase of development (van Merkerk and
van Lente, 2005). On the one hand, the high degree of
uncertainty surrounding emerging technologies signifies the
large variety of opportunities that a new technology has to
offer. On the other hand, though, this uncertainty poses a
threat of not knowing what comes next and not being able
to ex ante determine the success or failure of a technolo-
gical path (Garud and Rappa, 1994). To phrase it
differently, uncertainty can both create opportunities for
entrepreneurs to engage in emerging technologies, as well
as hamper entrepreneurs in undertaking action. Thus, the
relation between uncertainty and the decision of entrepre-
neurs to engage in emerging technologies is very complex.

While the emergence of new technologies in general is a
long and uncertain process, this appears to be particularly
true for the development and diffusion of emerging
renewable energy technologies (Jacobsson and Johnson,
2000). Due to the urgent problem of climate change, there
is a growing need for the application of renewable energy
technologies. However, despite their large environmental
benefits, large-scale implementation of emerging renewable
energy technologies has proven to be difficult (Jacobsson
and Bergek, 2004; Raven, 2005; Negro, 2007). In 2004, the
share of renewables in western countries accounted for
only 5.7% of the total primary energy supply (IEA, 2007).
Several authors have argued that uncertainty is one of the
major barriers for the breakthrough of emerging renewable
energy technologies (Kemp et al., 1998; Rotmans, 2003;
Jacobsson and Bergek, 2004; Foxon et al., 2005). More
specifically, Jacobsson and Bergek (2004) argue that
uncertainty is blocking the development and implementa-
tion of renewable energy technologies, since it hinders the
fulfilment of entrepreneurial activities (Jacobsson and
Bergek, 2004). This is problematic, since the emergence
of a new technology cannot take place without the
involvement of entrepreneurs who dare to take action
under uncertainty, in pursuit of a possible opportunity
arising from the new technology (Hekkert et al., 2007). In
order to contribute to a better understanding of the
underlying mechanisms that determine the emergence of
renewable energy technologies, this article therefore aims
to provide insight into the influence of uncertainty on
entrepreneurial action in emerging renewable energy
technologies.

In traditional entrepreneurship literature, the success or
failure of entrepreneurial action is often attributed to
specific individuals who have the vision, skills and risk-
taking mentality needed to discover, create and exploit
opportunities that lie beyond the reach of most (see
Gartner (1990) for an overview). However, there is a
growing awareness that the development of emerging
technologies cannot be attributed to any one individual
actor, but is best understood as ‘‘both an individual and a
collective act’’ (Van de Ven, 1993; Edquist, 2001; Garud
and Karnøe, 2003; Jacobsson and Bergek, 2004; Hekkert
et al., 2007). As Garud and Karnøe (2003) argue,
‘‘technology entrepreneurship is a larger process that
builds upon the efforts of many’’. According to this stream
of research, entrepreneurs are not only technology-devel-
opers who produce new technologies, but, for instance,
also adopters (buyers and users) who offer critical inputs
for the commercialization of emerging technologies (Van
de Ven, 1993; Garud and Karnøe, 2001, 2003). In this
article, we subscribe to the idea that the development of
emerging renewable energy technologies is the result of
actions from multiple entrepreneurs. However, in contrast
to the above scholars, we do not analyze the emerging
technology from a macro- or system-level perspective but
focus on specific innovation projects from the perspective
of the various entrepreneurs involved. In this article, we
focus on the development of biomass gasification technol-
ogy by studying various innovation projects aimed at
developing and implementing this emerging renewable
energy technology. This focus on innovation projects is
useful for providing more insight into the relation between
entrepreneurial action and the perception of uncertainties.
This study builds on the work of McMullen and

Shepherd (2006) who argue that, in order to understand
the influence of perceived uncertainty on entrepreneurial
action, we are required to examine not only perceived
uncertainty but also the entrepreneur’s motivation. They
explain that whether an entrepreneur will engage in a
particular action is a decision that depends on whether the
entrepreneur is motivated enough to act, given the
uncertainty he or she expects to encounter in pursuit of
an opportunity (McMullen and Shepherd, 2006). Thus,
motivation needs to outweigh perceived uncertainty in
order for entrepreneurs to act. This implies that we need to
analyse both perceived uncertainty as well as the balance
between perceived uncertainty and motivation if we want
to understand why some entrepreneurs decide to act
whereas others do not.
We will make three contributions to the conceptual

framework of McMullen and Shepherd (2006). First, we
will break down uncertainty perceptions in different
sources of uncertainty. Whereas McMullen and Shepherd
(2006) analyse perceived uncertainty by looking at whether
or not an entrepreneur possesses enough knowledge in
order to recognize an opportunity worth pursuing, we try
to specify in what domains knowledge is lacking by
distinguishing between different uncertainty sources. The
entrepreneurs involved in emerging technologies are con-
fronted not only with high uncertainty about the technol-
ogy itself but also with uncertainty about other elements
in the socio-institutional environment in which the
new technology will be embedded, such as uncertainty
about unclear user requirements or the actions of
competitors (Rosenberg, 1996; Afuah and Utterback,
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1997; Meijer et al., 2006). Since previous research (Meijer
et al., 2007) has suggested that entrepreneurs initiate
different types of activities in order to deal with different
sources of perceived uncertainty, we believe that identifying
dominant sources of uncertainty can deliver valuable
insights for entrepreneurs and policymakers to develop
strategies for better managing these uncertainties. Second,
we will add a dynamic perspective. McMullen and
Shepherd (2006) only focus on the initial decision of an
entrepreneur to engage in entrepreneurial action. If we
consider the fact that many entrepreneurial activities are
stopped prematurely, then apparently an entrepreneur’s
decision to act is not permanent. This being true, we need
to develop a more dynamic view of how perceived
uncertainties and motivation, and consequently an entre-
preneur’s decision to act, change over time. Third, if we
want to understand why some entrepreneurs decide to act
whereas others do not, we need to know more about the
factors that influence an entrepreneur’s perception of
uncertainties and motivation. Therefore, we pose the
following research questions:
1.
 Which sources of uncertainty are perceived to be
important for the decisions of the various entrepreneurs
involved in development and implementation projects of
biomass gasification in the Netherlands?
2.
 How do perceived uncertainties and motivation influ-
ence entrepreneurial action in different phases of the
biomass gasification projects?
3.
 What are critical factors influencing the perceived
uncertainties and the motivation of entrepreneurs in
the biomass gasification projects?

The article proceeds as follows. In Section 2, we discuss
some relevant theories on uncertainty and introduce a
typology of uncertainty sources relevant for analysing
entrepreneurial action regarding emerging technologies.
We apply these theoretical insights in an empirical case on
biomass gasification in the Netherlands (Section 4).
Gasification is a very efficient technology to convert
biomass into electricity. Although in the Netherlands the
expectations about this emerging renewable energy tech-
nology are high, the breakthrough of this technology
proves difficult since many projects, which were set up by
entrepreneurs to develop and implement this technology,
have failed (Green Balance, 2004; Kwant and Knoef, 2004;
van Ree et al., 2005; Faaij, 2006; Negro et al., 2006). By
analyzing several innovation projects over time and
comparing them, we are able to answer our research
questions. We end our article by discussing the main
conclusions and policy implications (Section 5).

2. Perceived uncertainty and entrepreneurial action in

emerging technologies

A useful conceptualization of uncertainty for studying
uncertainty from the perspective of the entrepreneurs,
originates from the organizational management literature.
Within the organizational management literature, a line of
research is dedicated to analyzing perceptions of uncer-
tainty in the external environment of an organization (e.g.
Duncan, 1972; Milliken, 1987; Boyd and Fulk, 1996;
Dickson and Weaver, 1997; Sutcliffe and Zaheer, 1998).
Frances Milliken defines uncertainty as ‘‘an individual’s
perceived inability to predict something accurately’’
(Milliken, 1987). The term ‘perception’ refers to the process
by which individuals organize and evaluate stimuli from
the environment. The existence of information itself lacks
meaning until an individual perceives it (Corrêa, 1994).
Environments are therefore neither certain nor uncertain
but are simply perceived differently by various actors.
Thus, this stream of research departs from the idea that
uncertainty is objective by arguing that actors differ in their
perception of uncertainty. Furthermore, the above-men-
tioned scholars conceptualize uncertainty as a multidimen-
sional construct and, therefore, emphasize that it is
important to identify the different sources of uncertainty
which the actor is uncertain about (Duncan, 1972;
Milliken, 1987; Dickson and Weaver, 1997). Following
these organizational management scholars, we apply a
subjective perspective on uncertainty (and therefore use the
term ‘perceived uncertainty’) and consider perceived
uncertainty as comprising of different uncertainty sources.
For decisions concerning emerging technologies, an

apparent source of uncertainty is technological uncertainty,
since the performance of the new technology is still unclear
and many alternative designs are competing for dominance
(Tushman and Rosenkopf, 1992; Rosenberg, 1996; Ander-
son and Tushman, 2001). However, uncertainty will arise
not only about the technology itself, which still needs to be
shaped, but also about the socio-institutional setting in
which the emerging technology will be embedded. In this
early stage, user demands are not clearly articulated and a
market for the new technology still has to be created.
Technology developers will perceive uncertainty about user
requirements and market demand, whereas potential users
will perceive uncertainty about what the new technology
might have to offer (Tushman and Rosenkopf, 1992; Afuah
and Utterback, 1997). In addition, current regulation is
aligned with established technologies and does not always
provide room for the introduction of new technologies
(Jacobsson and Bergek, 2004). This creates uncertainty
about which institutional regulations and support mechan-
isms will emerge for the new technology (Van de Ven,
1993). As a result, the actors involved in the development
and implementation of emerging technologies are con-
fronted with high uncertainties in different domains. Based
on an extensive literature review and previous empirical
work, which is reported in Meijer et al. (2006, 2007), we
propose to distinguish between the following set of
uncertainty sources for analyzing perceptions of uncertain-
ties concerning the development and implementation of
emerging technologies: technological, resource, competitive,
supplier, consumer and political uncertainty (see Table 1).
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Table 1

Sources of perceived uncertainty with respect to innovation decisions

Uncertainty

source

Description

Technological

uncertainty

This source includes uncertainty about the

characteristics of the new technology (such as costs

or performance), about the relation between the new

technology and the technical infrastructure in which

the technology is embedded (uncertainty to what

extent adaptations to the infrastructure are needed),

and about the possibility of choosing alternative

(future) technological options.

Resource

uncertainty

This source includes both uncertainty about the

amount and availability of raw material, human and

financial resources needed for the innovation, and

uncertainty about how to organize the innovation

process (e.g. in-house or external R&D, technology

transfer, education of personnel). Resource

uncertainty resides at the level of the individual firm,

as well as at the level of the innovation system.

Competitive

uncertainty

Whereas technological uncertainty includes

uncertainty about competing technological options,

competitive uncertainty relates to uncertainty about

the behavior of (potential or actual) competitors and

the effects of this behavior.

Supplier

uncertainty

Uncertainty about the actions of suppliers (i.e.

uncertainty about the reliability of the supplier),

which often manifests itself as uncertainty if the

supplier will live up to agreements about the timing,

quality and price of the delivery. Supplier uncertainty

becomes increasingly important when the dependence

on a supplier is high.

Consumer

uncertainty

Uncertainty about consumers relates to uncertainty

about consumers’ preferences with respect to the new

technology, about the compatibility of the new

technology with consumers’ characteristicsa and, in

general, uncertainty about the long-term

development of the demand over time.

Political

uncertainty

Political uncertainty comprises uncertainty about

governmental behavior, regimes, and policies. Not

only changes in policy, but also ambiguity in

interpretation of current policy or a lack of policy

can lead to uncertainty. Another important cause for

political uncertainty is unpredictability of

governmental behavior.

aFor example, an important consumers’ characteristic for energy

technologies is the energy demand.
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The effect of uncertainty on innovation has been the
subject of many studies. A distinction can be made between
studies that focus on uncertainty in relation to the
development of new products and studies that analyze
the effect of uncertainty on the adoption of new
technologies. In the new product development literature,
much attention has been paid to analyzing the effect of
uncertainty on the development process and on the success
of new products (e.g. Griffin and Hauser, 1996; Mullins
and Sutherland, 1998; Souder et al., 1998; Bstieler and
Gross, 2003). The aim of most of these studies is to
determine which strategies (in terms of different ap-
proaches to scan potential markets, distinctive levels of
R&D/market integration or different learning strategies)
are most effective in reducing the uncertainties encountered
in new product development. The adoption studies, in turn,
have developed important insights into the optimal timing
problem of adopting a new technology under uncertainty
by modelling the dilemma that firms face when having to
weigh the costs of adopting too soon (‘sunk costs’ which
cannot be recovered) against the opportunity cost of
waiting in anticipation of better future technologies (e.g.
Marra et al., 2003; Doraszelski, 2004), (Mamer and
McCardle, 1987; Saha et al., 1994; Farzin et al., 1998).
One of the outcomes of these studies is that, even though
new technologies might be superior to the established
technologies, firms are very cautious to adopt new
technologies because of the various uncertainties they
perceive (Farzin et al., 1998).
However, these studies do not provide sufficient insight

in order to understand the role of uncertainties in emerging
renewable energy technologies. Namely, a shortcoming of
these studies is that they mainly focus on individual firms
who are either developing or adopting a new technological
product. Before an emerging energy technology has
become so mature that it can be sold as a ‘turn-key’
energy plant, the technology very often enters the market
as a first-of-a-kind product, consisting of different compo-
nents that were never before integrated (Williams and
Edge, 1996). In many cases, the technology needs to be
adapted to the specific circumstances at the location of
application (such as the available feedstock). In this early
phase of technology development, both knowledge of the
technology and knowledge of the adopting firm are needed
to develop a successful working energy plant. The user of
such a ‘first-of-a-kind’ energy plant, the adopter, therefore
has a very influential role in the learning experiences with
the emerging energy technology. As a result, in most
adoption processes of emergent energy technologies there
exists a very close interaction between the adopter and the
technology developer (producer). Previous studies on
uncertainty and innovation do not provide sufficient
insight into the influence of uncertainty on innovation
projects in which technology development and adoption
are to a large extent intertwined. In addition, most of these
studies evaluate which strategies are most effective in
dealing with uncertainty (e.g. market research helps to
reduce uncertainty about consumer demands (Mamer and
McCardle, 1987; Mullins and Sutherland, 1998)), but little
attention is paid to providing explanations for the fact that
in some cases firms decide to act entrepreneurially by
engaging in the development of an emerging technology,
whereas in other cases they do not. In this article, we aim to
address these under-analysed topics.
To do so, we build on a recent article by McMullen and

Shepherd (2006) on entrepreneurial action and the role of
uncertainty in theories of entrepreneurship in which they
explain that one cannot understand the decision of
entrepreneurs whether or not to act under uncertainty
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Fig. 1. A conceptual model describing entrepreneurial action under perceived uncertainty.

2This case focuses on biomass gasification plants where only biomass is
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without taking into account the entrepreneur’s motivation.
They explain that ‘‘entrepreneurs respond to and create
change through their entrepreneurial actions, where
entrepreneurial action refers to behaviour in response to
a judgemental decision under uncertainty about a possible
opportunity for profit’’ (McMullen and Shepherd, 2006, p.
134). They argue that whether an entrepreneur will engage
in a particular action (e.g. engage in the development and
implementation of an emerging technology) is a decision
that depends on whether the entrepreneur is motivated
enough to act, given the uncertainty he or she expects to
encounter in pursuit of an opportunity arising from the
emerging technology. (McMullen and Shepherd, 2006)
Thus, motivation needs to outweigh perceived uncertainty
in order for entrepreneurs to act. This implies that, in order
to understand the relation between entrepreneurial action
and uncertainty, we are required to examine both perceived
uncertainty and the balance between perceived uncertainty
and motivation (see inner core of Fig. 1).

Although the conceptual work of McMullen and
Shepherd (2006) provides a useful basis for understanding
the role of perceived uncertainty on entrepreneurial action,
little sense is given to the underlying factors that influence
an entrepreneur’s perception of uncertainty and motivation
to bear uncertainty. The decisions of entrepreneurs to
engage in innovation projects aimed at developing and
implementing an emerging energy technology do not take
place in a vacuum, but are influenced by the context in
which these decisions are made. Factors in the internal and
external project environment can greatly affect the
entrepreneur’s perception of uncertainties and/or his
motivation to take action. If we want to understand why
some entrepreneurs decide to act whereas others do not, we
need to extend the conceptual model by identifying the
critical factors in the internal or external project environ-
ment which influence the perceived uncertainties or
motivation of entrepreneurs (see left-hand side of Fig. 1).1
1Note that the aim of this paper is not to analyze all factors influencing

the innovation decisions of entrepreneurs, but only to identify those

factors that greatly affect the entrepreneur’s perceived uncertainty and/or

motivation. That is why the internal and external factors are located in the

‘outer area’ of the conceptual model (see Fig. 1).
Another shortcoming of the framework of McMullen
and Shepherd (2006) is that it only describes the initial
decision of an entrepreneur to engage in a particular
action. If we consider the fact that many entrepreneurial
activities are stopped prematurely, then apparently en-
trepreneurs do not make this judgement once but
constantly reassess their decision. Perceived uncertainties
and motivation will not be stable, but will evolve over time
under the influence of previous actions, changes in the
internal or external factors and so on. Therefore, we claim
that a dynamic analysis is needed in order to understand
when and why this balance between perceived uncertainty
and motivation changes.

3. Methodology

In this article, we apply our ideas on perceived
uncertainty and entrepreneurial action to the empirical
case of stand-alone biomass gasification in the Nether-
lands.2 For this case study, we examined seven innovation
projects aimed at the development and implementation of
biomass gasification. In order to perform a dynamic
analysis, we collected data on various project phases: the
start-up phase, the implementation phase and the exploita-
tion phase. The start-up phase ends when the construction
of the plant starts; the implementation phase ends when the
gasification plant is operational. From the total population
of Dutch biomass gasification projects (including both
terminated and ongoing projects, both small-scale projects
of 1–5MWe and large-scale projects of 20MWe or more),
we studied all four projects that have reached the
implementation or exploitation phase as well as three
projects that were abandoned in the start-up phase.3 An
overview of the projects included in our case study is given
in Fig. 2.
gasified; combined gasification of coal and biomass is not included.
3We tried to include all projects that were terminated in the start-up

phase. However, the total number of projects that have been abandoned in

the start-up phase is not exactly known, as not all companies report on

these projects. Furthermore, we were not always able to conduct an

interview on these projects, since interviewees had difficulty to recall

projects which terminated quickly after the start.
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1990 1992 1994 1998 2002 2004 2006

1993-1999: NH-project

(start-up)

1995-2006: Amer-project (exploitation )

1995-2001: project in Goor

(start-up)

2000-2003:

project in

Hengelo

(implemen-

tation)

2000-2003:

project in

Bladel

(implemen-

tation)

1998- now: project in Tzum (implementation)

large-scale

projects

small-scale

projects

2000-2003:

project in

Schiedam

(start-up)

1996 2000

= terminated project

= ongoing project

= final project-phase achieved:

1. start-up

2. implementation

3. exploitation

(..)

Fig. 2. Timeline of studied projects.
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Data were collected by conducting 16 interviews. We
mostly interviewed technology developers (suppliers of
gasification technology) and adopters (buyers and users
of gasification technology, such as energy companies,
farmers or waste-processing companies), as these parties
fulfilled the role of entrepreneur in the biomass gasification
projects.4 We aimed at conducting more than one interview
for each project, in order to include differences in
perceptions between the various entrepreneurs involved
and to triangulate the data of the different interviews. In
addition to the interviews with the entrepreneurs, we
conducted some interviews with researchers and govern-
mental authorities who have a broad overview of the
developments in the Netherlands.

The advantage of interviews is that information can be
gathered on perceptions and strategies of actors, which is
difficult to attain from other sources. However, the draw-
back of interviews is that selective or biased answers can be
given. This is especially the case for interviews about
historical events (such as projects that took place several
4The entrepreneurs that we refer to in this case study are firms (rather

than individuals). Of these firms, we interviewed those employees who

have been directly involved in the decision-making process.
years ago). In order to avoid this drawback as much as
possible and improve the reliability and validity of the data,
we combined information from the interviews with informa-
tion from other data sources (data triangulation). Prior to
the interview, we studied various types of documents (policy
documents, scientific articles, project reports, professional
journals and newspaper articles) to identify the key events in
which the interviewee had been involved. During the first
part of the interviews, we used these key events in order to
help the interviewee recall specific situations in order to
reconstruct the project’s storyline. Using this storyline, the
second part of the interviews focused on identifying the
entrepreneurs’ motivations, perceptions of uncertainties,
decisions on whether or not to continue and the actions
that followed from these decisions for different phases of the
project. Perceptions of uncertainty were identified by using
open questions in which the interviewees had to describe
their perceptions (independent of our typology of uncertainty
sources) as well as closed questions in which the interviewees
had to rank each of the uncertainty sources according to the
level of uncertainty and the relative importance in relation to
the other uncertainty sources. After the interviews, we used
various types of documents to verify and complete the data
from the interviews.



ARTICLE IN PRESS
I.S.M. Meijer et al. / Energy Policy 35 (2007) 5836–58545842
4. Biomass gasification in the Netherlands

Producing energy out of biomass is seen as one of the
key options to mitigate greenhouse gas emissions and
substitute fossil fuels (Faaij, 2006). Biomass materials that
can be used for energy production are very diverse, ranging
from food crops and forest products (such as wood
thinning or straw) to waste streams as demolition wood
or chicken manure. Gasification is a thermo-chemical
process technology, which converts biomass into a
combustible gas (called ‘producer gas’ or ‘syngas’) (Den
Uil et al., 2004).5 The produced gas (consisting mainly of
CO and H2) can be burned for heat or steam supply, or it
can be used in secondary conversion technologies such as
gas turbines and engines for producing electricity or
mechanical work.6 The advantage of gasification is that
much higher electrical efficiencies can be reached (35–40%)
compared with combustion power plants (25–30%)
(Williams and Larson, 1996; Faaij et al., 1997). However,
gasification is technologically much more complex.
Although this emerging technology can make a substantial
contribution to the achievement of a renewable energy
system, realization of biomass gasification projects often
proves difficult and only a few projects in Europe have
achieved a commercial status (Kwant and Knoef, 2004;
Faaij, 2006). In the Netherlands, entrepreneurs have
initiated numerous activities to develop and implement
this technology, but many of these activities have been
abandoned (Green Balance, 2004; van Ree et al., 2005;
Negro et al., 2006). Below, we analyze what role perceived
uncertainties have played in this.

4.1. Dominant uncertainty sources

In Section 2, we introduced a typology of uncertainty
sources with respect to innovation decisions of entrepre-
neurs. In order to analyze what uncertainty sources played
a dominant role in the development and implementation of
biomass gasification, we asked the interviewees which
uncertainties they perceived as dominant for their decisions
regarding biomass gasification and classified their
answers according to our typology of uncertainty sources
(see Table 2).7 As Table 2 shows, technological uncertainty,
political uncertainty and resource uncertainty were men-
tioned far more often than the other uncertainty sources
and therefore can be considered most important in
innovation decisions.

Arguments for the importance of uncertainty about the
technology itself were the lack of previous experiences with
5This is achieved through the partial combustion of the biomass

material in a restricted supply of air or oxygen in a high-temperature

environment.
6The producer gas can be used not only to produce energy, but also as

feedstock for chemical processes in order to produce, for example, liquid

biofuels. In this article, we focus on the application of biomass gasification

for energy production.
7We asked this question in 12 of the 15 interviews.
the technology that created uncertainty about the perfor-
mance of biomass gasification plants. Also, the time needed
to make the technology actually work was often mentioned
to cause uncertainty.
The first argument why political uncertainty was so

important was related to uncertainty about the licensing
procedure and emission regulation. In order to build a
biomass gasification plant, a license needs to be obtained in
which specific rules (including emission norms) are laid
down. In the Netherlands, the licensing procedure of bio-
energy projects is very complex and ambiguous, takes very
long and offers many opportunities for neighboring people
and environmentalists to object to the license (Van Ree
et al., 2000; Lindeman, 2004; Gerlagh and Lammers, 2006).
As a result, the interviewees perceived great uncertainty
about the duration and outcome of the licensing procedure
since delays of the procedure or imposition of strict
emission rules can have serious consequences for the
profitability of a project. The second argument for the
importance of political uncertainty was that the majority of
the interviewees (58%) perceived uncertainty about
the financial instruments for renewable energy in general.
The financial subsidy that entrepreneurs received from the
government for the production of renewable electricity has
been forming an important incentive for entrepreneurs to
initiate biomass gasification projects (Kwast, 2006; Van
Dongen, 2006). However, the financial instruments of the
Dutch government changed frequently and often unex-
pectedly over the past years. In 2003, a year later than the
government initially announced, the fiscal support for
renewable electricity (i.e. renewable electricity was ex-
empted from the national energy tax, REB8) was replaced
by the non-fiscal MEP-levy9 that subsidizes the production
of renewable electricity in the Netherlands (Kwant and
Knoef, 2004). In subsequent years, the Dutch government
has implemented several adaptations to the MEP instru-
ment, which were not announced beforehand. As a result,
the uncertainty that entrepreneurs perceive about changes
in the financial instruments of the Dutch government has
been one of the most important aspects hindering the
development and implementation of biomass gasification
(Green Balance, 2004; Gerlagh and Lammers, 2006). The
frequent and often unexpected changes of the financial
instruments in the past resulted in perceived uncertainty
not only about future changes of these instruments but also
about the reliability of the Dutch government in general.
Arguments for the importance of resource uncertainty

were first of all related to the market for biomass. This
market is relatively new and unstable, and since the
demand for biomass (especially wood) has been exceeding
the supply, the entrepreneurs perceived uncertainty about
the availability, quality and price of biomass (Gerlagh and
Lammers, 2006; Schouwenberg, 2006). In addition, the
8REB ¼ Regulerende EnergieBelasting (regulating energy tax).
9MEP ¼ regeling Milieukwaliteit ElektriciteitsProductie (environmental

quality of electricity production).



ARTICLE IN PRESS

Table 2

General overview of the uncertainties that are perceived as dominant

Uncertainty source Examples mentioned by interviewees (n ¼ 12) Number of interviewees % of interviewees

Technological Uncertainty about the technology itself 11 92

Uncertainty about the choice between different technological alternatives 2 17

Number of other examples mentioned by only 1 interviewee 0 0

Total number of examples for technological uncertainty 13

Political Uncertainty about the licensing procedure and emission regulation 8 67

Uncertainty about financial instruments (REB, MEP) 7 58

Number of other examples mentioned by only 1 interviewee 6 50

Total number of examples for political uncertainty 21

Resource Uncertainty about biomass resources 5 42

Uncertainty about financial resources 5 42

Number of other examples mentioned by only 1 interviewee 2 17

Total number of examples for resource uncertainty 12

Supplier Uncertainty about the reliability of technology suppliers 1 8

Uncertainty about the reliability of biomass suppliers 1 8

Number of other examples mentioned by only 1 interviewee 0 0

Total number of examples for supplier uncertainty 2

Competitive Number of examples mentioned by only 1 interviewee 0 0

Total number of examples for competitive uncertainty 0

Consumer Uncertainty about the consumers of the produced electricity 2 17

Number of other examples mentioned by only 1 interviewee 0 0

Total number of examples for consumer uncertainty 2

10For the terminated projects, the last phase achieved is the phase in

which the project has been abandoned; for the ongoing projects, this is the

current phase.
11The Province is the regional level of government in the Netherlands.
12After the liberalization of the energy market, energy companies PEN

and UNA were taken over by ENW.
13The SEP was the coordinating organization of the national energy

companies.
14ECN ¼ Energy Research Centre of the Netherlands.
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entrepreneurs were uncertain about financial resources.
Due to the early stage of development, it is uncertain if and
when the costs of an investment in biomass gasification can
be recovered. The interviewees perceived uncertainty about
the mobilization of financial resources both within the firm
and external to the firm (from banks or other investors).

Thus, the results from Table 2 show that perceived
uncertainty is not a one-dimensional concept, but that
major sources of perceived uncertainty can be identified.
For biomass gasification, the dominant sources of
perceived uncertainty influencing entrepreneurial deci-
sion-making are technological, political and resource
uncertainty. Since these three uncertainty sources are
mentioned far more often than the other uncertainty
sources, the results of Table 2 display a rather robust view.
However, if we look back at the timeline of projects in
Fig. 2, this static analysis of uncertainty sources does not
explain why some entrepreneurs decide to terminate their
innovation projects whereas others continue. Therefore, we
need to zoom in on the dynamics of the innovation
projects.

4.2. Dynamic project analysis

In this section, we describe seven projects aimed at
developing and implementing biomass gasification in the
Netherlands (see Fig. 2). Since biomass gasification
technology is not yet so mature that it can be bought
‘from the shelf’, all these projects can be classified as ‘first-
of-a-kind’ projects in which technology development and
adoption are to a large extent intertwined. For each
project, we analyze how the entrepreneurs’ perceptions of
uncertainties, their motivations to engage in the innovation
project and their decisions whether or not to act evolve
over time. We describe not only the decisions of
entrepreneurs but also the actions that follow from these
decisions. Namely, the actions that entrepreneurs under-
take can subsequently lead to changes in perceived
uncertainties or motivation. Furthermore, we look for
internal and external factors in the project environment
influencing entrepreneurs’ perceived uncertainties and
motivations. We classified the projects according to the
final phase achieved (start-up, implementation and exploi-
tation).10
4.2.1. The start-up phase

4.2.1.1. NH project. In 1993, the Province11 of North-
Holland, together with the local energy companies
PEN and UNA,12 the SEP13 and ECN14 announced to
build the first large-scale biomass gasification plant in the
Netherlands. The Province of North-Holland initiated and
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coordinated the project, driven by their ambition to
provide an energy supply system that was affordable,
reliable and sustainable (De Boer, 2005; Daey Ouwens,
2005). At the start of the project, the entrepreneurs
involved perceived uncertainty about the availability and
price of biomass and about the technology, since biomass
gasification was not yet a proven technology and the
project members differed in opinion about which techno-
logical configuration was best and which technology
supplier to select (Stuurgroep project Biomassavergassing
Noord-Holland, 1999; De Boer, 2005; Daey Ouwens, 2005;
Van Dongen, 2006). Different perceptions of uncertainties
by the project partners led to cooperation and coordination
problems in the project consortium. Failed attempts to
cooperate with the local waste-processing company delayed
the project even more (De Boer, 2005; Daey Ouwens,
2005). Meanwhile, the institutional context in which the
project was taking place was changing drastically due
to the liberalization of the Dutch energy market (which was
initiated in 1998). One of the results of the liberalization
was that the energy companies became competitors and
no longer cooperated in realization of high-risk environ-
mental-friendly projects. Instead, their attention shifted
towards lowering production costs and making low-risk
investments in other domains than sustainable energy
R&D (Raven, 2006). Because the start-up phase was
taking longer than expected, these changes in the institu-
tional context (an ‘external factor’, see Fig. 2) started to
interfere with the project. While the final investment
decision was still not made, the energy companies involved
became increasingly reluctant to invest in such a high-risk
project (De Boer, 2005; Daey Ouwens, 2005; Van Dongen,
2006). Since the Province could not undertake the project
without the involvement of the energy companies (being
the adopters of the technology), this posed a serious threat
to the project (De Boer, 2005; Daey Ouwens, 2005). In
1998, the entrepreneurs collectively decided to abort their
plans (Stuurgroep project Biomassavergassing Noord-Hol-
land, 1999). As the entrepreneurs involved themselves
indicated, this decision was influenced by a combination of
perceived uncertainties and diminished motivation (De
Boer, 2005; Daey Ouwens, 2005; Van Dongen, 2006). The
many delays of the project, and the changes in the
institutional setting which occurred during this long time
period, reduced the motivation of the entrepreneurs.
Adding to this explanation was that the actor constitution
(an ‘internal factor’, see Fig. 2) had been too complex as
the various entrepreneurs involved were too diverse in
order to collectively undertake this project. The involve-
ment of multiple entrepreneurs in a project increases
the chance that the perceptions of uncertainty and the
motivation to engage in the project diverge among the
various entrepreneurs involved. Since the lack of a
common understanding can hamper fruitful cooperation
in multi-actor projects (e.g. Koppenjan, 2005), diverging
perceptions and motivations increase the risk of project
abortion.
4.2.1.2. Project in Goor. In 1995, technology developer
BTG, energy company Edon and wood-processing com-
pany Bruins & Kwast jointly initiated the plan to
implement a small-scale gasification plant in Goor. Edon
and BTG had both been involved in an EU-sponsored
R&D project on fixed-bed gasification of biomass which
had been evaluated positively, and therefore decided to
continue their activities with this technology by starting an
implementation project (Knoef, 2006). Wood-processing
company Bruins & Kwast decided to engage in the project
because of the opportunities that this high-efficient
technology had to offer for the conversion of wood
residues into energy (Kwast, 2006). At the start of the
project, the main sources of perceived uncertainty were
technological uncertainty and political uncertainty (un-
certainty about the licensing procedure) (Knoef, 2006;
Kwast, 2006). Because the project team thought that these
perceived uncertainties could be reduced, these uncertain-
ties did not form a barrier (Knoef, 2006). However, just as
in the NH project, changes in the institutional context
interfered with the project. Due to the liberalisation of the
energy market, the constitution of actors involved in the
project changed as energy company Edon was taken over
by Essent. As a result, the project proposal had to be re-
approved by Essent’s board of directors. However, because
Essent did not have much faith in small-scale gasification,
Essent’s motivation to engage in the project did not
outweigh the perceived uncertainties. As a result, the
project was cancelled (Green Balance, 2004; Knoef, 2006;
Kwast, 2006).
Like in the NH project, this project shows that

institutional change (an ‘external’ factor) can negatively
influence the decision of entrepreneurs to engage in
innovation projects. Furthermore, this project shows that
the entry of a new player (e.g. change of the actor
constitution; an ‘internal’ factor) can have a major impact
on the continuation of an innovation project as new players
might be less willing to bear perceived uncertainties than
the actors who initiated the project. This is in line with the
findings of Van de Ven et al. (1999), who show that changes
in management can have disruptive effects on innovation
projects that received a lot of support from the previous
management team.

4.2.1.3. Project in Schiedam. In 2000, technology devel-
oper BTG and energy company ONS decided to install a
biomass gasification plant at the site of ONS in Schiedam.
For BTG, the project offered the opportunity to install two
gasifier units, which had already been built and tested, in a
real-life situation so as to learn how the technology would
perform. Energy company ONS was mainly interested in
the implementation of these biomass gasifier units in order
to produce renewable electricity. (Tijmensen and De Vos,
2005; Knoef, 2006) From the start of the project,
technological uncertainty, resource uncertainty (i.e. un-
certainty about knowledge, financial resources and biomass
resources) and political uncertainty were perceived to be
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high (Knoef, 2006). Since two different gasifier units would
have to be coupled together, technological uncertainty was
higher compared with other small-scale gasification pro-
jects. Despite the high perceived uncertainties, the project
team was fully committed to the project since they believed
in the opportunity of implementing the available gasifier
units (Knoef, 2006). After years of preparation, the project
team presented the project proposal to the board of
directors of ONS. In contrast to the project team, the
gasification project was but one of a set of business plans
that the board of directors had to consider. The board of
directors rejected the plan as they perceived the investment
risks of the gasification project too high (Green Balance,
2004; Knoef, 2006). The project team attempted to reduce
the risks by reducing the scale of the project to one gasifier
unit instead of two, which would lower the technological
complexity and costs of the project. Nevertheless, the
board of directors also turned down the renewed proposal
and the project was terminated. Again, a collective
entrepreneurial project was terminated because the adopter
of the technology retreated. Similar to the project in Goor,
this project showed that the involvement of a new actor
(i.e. a change in the actor constitution; an ‘internal factor’)
can lead to the termination of an innovation project. In this
project, the entrepreneurs who initiated the project (the
members of the project team) were overruled by top
managers who were less willing to tolerate perceived
uncertainties. This problem is frequently encountered in
innovation projects. Van de Ven and colleagues explain it
as such: ‘‘Whereas the innovation may be the exclusive
labour of love for the innovation team, it is but one of
a set of interacting, often competing, business considera-
tions for top managers and investors’’ (Van de Ven et al.,
1999, pp. 58–59).

4.2.2. The implementation phase

4.2.2.1. Project in Bladel. The small-scale gasification
project in Bladel was initiated by a farmer, Mr. Duis.
For farmers, biomass gasification promised to be an
attractive solution for the disposal of manure. Due to the
increase in livestock and the strict manure disposal
regulation, the costs for manure disposal were high. By
implementing a gasification plant to convert manure into
energy, manure disposal costs could be saved (Buffinga and
Knoef, 2001; Duis, 2006). In 2000, Mr. Duis contacted
technology developer BTG, and the project was started.
One of the first uncertainties that the entrepreneurs
encountered was uncertainty about the licensing procedure.
The entrepreneurs perceived uncertainty if they would
obtain a license for gasification of chicken manure, since
the existing manure legislation did not provide for the
application of this new technology for manure disposal
(Duis, 2006). In reaction to this uncertainty, Mr. Duis tried
to gain support from the local authorities who were
responsible for the licensing procedure. After many
conversations, the authorities exempted the project from
the manure legislation and granted a temporarily license
for a trial period of 3 years. (Duis, 2006) The entrepreneurs
believed that this 3-year period would be sufficient to
develop a successful working plant and to obtain a
permanent license (by showing that the operational plant
would comply with the emission rules) (Knoef, 2006). A
second important source of perceived uncertainty was
technological uncertainty, since biomass gasification was
not yet a ‘proven’ technology (Duis, 2006; Knoef, 2006).
However, this uncertainty did not form a barrier since both
entrepreneurs were eager to make the installation work.
Construction of the plant was soon started. Unfortunately,
the first tests were unsuccessful and revealed several
technological problems. In order to solve these problems
and thereby reduce technological uncertainty, the entre-
preneurs jointly worked on improving the technology by
‘trial-and-error’ learning (Duis, 2006; Knoef, 2006).
Although the entrepreneurs were making progress, the
entrepreneurs still perceived uncertainty about how to
solve the remaining technological problems. In addition to
this technological uncertainty, uncertainty arose about the
reliability of the supplier of one of the technological
components who delivered a poorly working product and
did not live up to the agreements (Duis, 2006; Knoef,
2006). When the supplier even went bankrupt, Mr. Duis
decided to develop the component itself (Duis, 2006). Thus,
in contrast to the projects that were terminated in the start-
up phase, the motivation of the adopter of the technology
(Mr. Duis) was extremely high. Nevertheless, as a result of
the unanticipated problems, the project was running out of
budget and uncertainty about how to mobilise additional
financial resources needed to proceed with the project
increased. BTG and Mr. Duis had already invested
significant time and money in the project, but the
installation was still not operational and the period of
validity of the temporary license was coming to an end. In
addition to the negative influence of the limited temporal
duration (an ‘internal’ factor), changes in the economic
conditions (i.e. an ‘external factor’) occurred and nega-
tively influenced the motivation to engage in the project
(Knoef, 2006). Due to an outbreak of avian influenza
among poultry in 2002, many Dutch farmers went out of
business. As a result, the high costs for manure disposal
rapidly declined and the economic incentive for under-
taking the project disappeared. The entrepreneurs recon-
sidered their actions and decided to stop. They could have
decided to continue their biomass gasification activities,
but then they had to again apply for a temporary license
and mobilise additional financial resources. While techno-
logical uncertainty and resource uncertainty had increased
in comparison to the start of the project, the motivation to
cope with these perceived uncertainties had diminished as
the expected outcomes of the project were no longer
feasible, considering the limited time left, nor attractive
under the changed economic circumstances.

4.2.2.2. Project in Hengelo. In 2000, technology devel-
oper HoSt approached waste-processing company Twence
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15To support this project, the SBNN (Stichting Biomassavergassing

Noord Nederland, Foundation for Biomass gasification North-Nether-

lands) has been established. Besides the farmers, a cooperation of forestry

managers who is interested in gasification of wood thinning is participat-

ing in this foundation.
16HoSt had previously stopped their activities with fixed-bed gasifiers

(see description of the Hengelo project), but continued their work on the

development of fluidized-bed gasifiers.
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and wood chip supplier Bruins & Kwast in order to
collectively implement a small-scale fixed-bed gasifier at the
site of Twence in Hengelo. Twence and Bruins & Kwast
decided to engage in the project, since both companies were
interested in the opportunities that this high-efficient
technology had to offer for the conversion of wood
residues into energy (Kwast, 2006; Rooijakkers and
Dijkman, 2006). The project received a temporary license
for a trial-period of 3 years (De Kant, 2006). In the start-up
phase, technological uncertainty was perceived to be the
most important uncertainty source. The entrepreneurs
realized that the development and implementation of a
successful working biomass gasification plant involved
many technological uncertainties because biomass gasifica-
tion was still a new and ‘unproven’ technology. Never-
theless, the entrepreneurs believed that they would be
able to overcome technological uncertainties within the
available time (De Kant, 2006; Kwast, 2006; Rooijakkers
and Dijkman, 2006). However, during the implementation
phase, the entrepreneurs perceived growing technological
uncertainty since technological problems were more
severe than expected. After some years of experimenting,
the entrepreneurs had not yet been able to develop a
successful working plant and the costs of the project were
running high. Thus, technological uncertainty was accom-
panied by perceived uncertainty about how to mobilise
additional financial resources that were needed to proceed
with the project. At this point in time, the limited temporal
duration of the project (a project internal factor) started
to interfere, as the validity duration of the license was
coming to an end, while the entrepreneurs still had not
been able to reduce perceived uncertainty concerning if
and how they could solve the technological problems.
Similar to the project in Bladel, the limited time span
that remained to turn the project into a success made the
entrepreneurs involved re-evaluate their actions. Because of
the increase of resource uncertainty and technological
uncertainty, the entrepreneurs decided to abort the project
(De Kant, 2006; Kwast, 2006; Rooijakkers and Dijkman,
2006). For technology developer HoSt, the decision to
stop was also influenced by external technological devel-
opments (an ‘external factor’). HoSt could have decided to
continue with the development of the technology by
applying for a new license and finding new investment
partners. However, due to the disappointing results of this
project in comparison to the good results of HoSt’s
activities in the development and implementation of
competing technologies (e.g. fluidized-bed gasification,
combustion and digestion), HoSt’s faith in the potential
of fixed-bed gasification had diminished over the years (De
Kant, 2006). Thus, for HoSt, the decision to stop was a
combination of increased perceived uncertainties and
diminished motivation.

4.2.2.3. Project in Tzum. The project in Tzum is currently
the only ongoing biomass gasification project in the
Netherlands (see Fig. 2). Just like the project in Bladel,
the small-scale gasification project at the farm of
Mr. Atsma in Tzum was initiated to find a solution for
the high costs of manure disposal (Tijmensen and De Vos,
2005; De Kant, 2006; Dijkstra, 2006). The project was
supported by a cooperation of farmers in the north of the
Netherlands.15 Technology developer HoSt delivered the
fluidized-bed gasifier.16 From the start of the project in
1998, uncertainty about the mobilization of financial
resources has been playing a dominant role. The subsidy
that the project acquired from the government was
insufficient to cover all the costs (Dijkstra, 2006). More
than once, investors decided to withdraw their proposal to
finance the project due to the uncertainties they perceived
about the functioning of this new technology and about
the financial governmental support (MEP instrument)
(De Kant, 2006; Dijkstra, 2006). In addition, one of the
investors went bankrupt and the farmers themselves
came into financial problems due to the outbreak of the
avian influenza in 2002 (an ‘external factor’). As a result,
the project encountered large delays and the entrepreneurs
perceived great uncertainty of whether they would be
able to mobilize the financial resources that were needed
to build the gasifier (De Kant, 2006; Dijkstra, 2006).
Despite the setbacks, the entrepreneurs held on to their
plans and searched for new investors. Their persistence had
not been in vain, since energy company Eneco finally
decided to supply the necessary funds to start the
construction of the gasifier (De Kant, 2006). In January
2006, construction work was finished and testing of the
installation began. At the time of the interview (June 2006),
the installation was still not fully operational. Since
the budget of the project is still limited, uncertainty
about the mobilization of additional financial resources
remains important for the continuation of the project
(De Kant, 2006; Dijkstra, 2006). However, in contrast to
the projects in Bladel and Hengelo, expectations about
the outcome of the project are still high and the
entrepreneurs expect that, once the installation performs
well, it will be easier to acquire additional funds to go on
with the project (De Kant, 2006). Besides, the barrier to
abandon the project is high because the entrepreneurs
have already invested a lot of time and money which would
be lost if they decided to stop. As a result, the
entrepreneurs are extremely motivated and continue
investing in order to make good on prior investments,
thereby accepting high levels of perceived uncertainties.
This is a typical example of ‘entrapment’ or ‘escalating
commitment’ (Brockner and Rubin, 1985; Brockner, 1992;
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Ross and Staw, 1993). One of the project team members
explained it as such:

We have made enormous investments, so if we would
quit now we would lose a lot of money. There is no way
back. Besides, we have good prospects for scaling-up
our activities since many farmers have shown interest in
the technology. (De Kant, 2006)

Thus, the positive expectations about the outcome of the
project, in combination with the feeling of entrapment
from past investments, motivate the entrepreneurs to
continue and bear perceived uncertainties.17

4.2.3. The exploitation phase

4.2.3.1. Amer project. The Amer project was one of the
first biomass gasification projects in the Netherlands and
has been the only project that has reached the exploitation
phase (see Fig. 2). In 1995, several energy companies
(PNEM, NUON and EPZ) together with biomass supplier
BFI launched the plan to build a large-scale gasifier near
the existing coal-fired power plant ‘Amercentrale’ in order
to contribute to CO2-emission reduction policy of the
Dutch government (EPZ 1995). In this period (see Fig. 2),
the energy sector had very high expectations about biomass
gasification and technological uncertainty was perceived to
be low (Van Buijtenen, 2006; Negro, 2007). Biomass
gasification would merely be a new combination of
technologies, which were already proven in the application
of coal gasification. Shortly after the start of the project,
BFI decided to withdraw from the project because it was
more profitable to export the demolition wood to
Scandinavia than to use it for gasification in the Amer
project. As a result of this change in actor constitution (an
‘internal factor’), the remaining entrepreneurs perceived
uncertainty about the availability and price of biomass and
decided to put the project on hold (Energie- en Milieus-
pectrum, 1996; Duurzame Energie, 1996; Willeboer, 2005).
After some months, the energy companies managed to
close a long-term contract with another wood supplier and
the project was restarted. A German technology developer
was selected to build the gasifier. Although the technology
developer had never before built a gasification plant for
fuels other than coal, the technology developer was very
confident about its competences to develop and implement
a wood gasifier. The technology developer sold the
gasification plant as a commercial unit and gave guarantees
about the availability of the plant (in terms of the
frequency and duration of outages due to maintenance or
technological failures) (Willeboer, 2005). In 1999, all
contracts were signed and construction of the plant
began.18
17A few months after the interview (October 2006), we learned that the

project in Tzum has managed to enter the exploitation phase.
18The liberalization of the Dutch energy market in 1998 did not

influence the Amer project, since the investment decision had already been

made and Essent (successor of EPZ and PNEM) did not change course

(Willeboer, 2005).
When commissioning activities started, many technical
problems arose and stable operation of the plant was
impossible (Essent Energie BV, 2001; Willeboer 2005).
Biomass gasification turned out to be more complicated
than expected since the process characteristics were
completely different compared with coal gasification.
Several modifications were needed to solve the problems.
Energy company Essent (the successor of EPZ and PNEM)
realized that technological uncertainties had been
heavily underestimated since the technology was far from
commercially viable (Willeboer, 2005). As a result of
the disappointing performance of the installation and the
difficulty the technology developer had to solve the
technical problems, Essent not only perceived technologi-
cal uncertainty but also perceived uncertainty about the
reliability of the technology developer (supplier uncer-
tainty) (Willeboer, 2005). However, since already a lot of
time and money had been invested, the barrier to abandon
the project was much higher than in the start-up phase
(Willeboer, 2005). In order to make good on prior
investments, Essent became extremely motivated to con-
tinue with the project (‘entrapment’). As a result, Essent
was willing to bear perceived uncertainties that they would
not have accepted earlier on in the project when invest-
ments were still modest. In order to solve the technical
problems, Essent became actively involved in the technol-
ogy-development process. In this way, Essent was able to
gain technical knowledge and hands-on experience and
thereby to reduce technological uncertainty. This knowl-
edge base, in turn, enabled Essent to take over the
maintenance and operation of the plant and terminate
the contract with the German technology developer,
thereby eliminating supplier uncertainty. In 2005, the
gasification plant was finally operational and the project
entered the exploitation phase.
This project is probably the clearest example that the

time needed for the development and implementation of
biomass gasification is often underestimated. Instead of 4
months, 7 years were needed to make the installation
function properly! However, in contrast to the projects in
Bladel and Hengelo, the setbacks that occurred radically
changed the perceived uncertainties and expectations not
only in this project but also in the sector at large. Because
the Amer project was the first large-scale biomass gasifica-
tion project in the Netherlands that had reached the
implementation phase, the project had a large exposure.
The severe problems of the Amer project, in combination
with the bad experience from unsuccessful implementation
projects abroad, made people in the whole sector realize
that expectations had been overly optimistic and uncer-
tainties heavily underestimated (Van Buijtenen, 2006; Van
der Drift, 2006). Uncertainty about the performance of
biomass gasification technology increased and actors
became more reluctant to invest in large-scale biomass
gasification projects (Van Dongen, 2006; Negro, 2007). To
illustrate this, we point out that the diminished faith in
biomass gasification technology was one of the main
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reasons for energy company Nuon to abort the plan to
build a biomass gasification installation near one of their
power plants (‘Hemweg-8 centrale’) (Van Dongen, 2006).
Moreover, banks became unwilling to issue loans for such
high-risk projects in biomass gasification (Van Dongen,
2006).

Because of the disappointing results, it is even more
surprising that the Amer project was not terminated during
the implementation phase. This underlines the persever-
ance and commitment of the adopter to make the project
successful and to cope with perceived uncertainties.
Unfortunately, uncertainties did not disappear when the
Amer project reached the exploitation phase. Even though
technological uncertainty had finally decreased, there was
an increase in political uncertainty. The reason for this was
that the government had announced a new emission law
(i.e. institutional change, an ‘external factor’). The effect of
this new law was that not only the gasifier itself but also the
coal-fired power plant in which the syngas was co-
combusted would fall into the category of waste-disposal
companies. Since waste-disposal companies had to comply
with very strict emission rules, the biomass gasification
project would no longer be economically feasible under the
new emission law (Willeboer, 2005; Schouwenberg, 2006).
Thus, the new emission law made no provision for an
exceptional case like the Amer project.19 Essent ap-
proached the government in order to raise awareness for
the problem and to request a solution. The government
promised to solve the problem by exempting the Amer
project from the emission law. However, 11

2
years later,

Essent was still waiting for the official exemption and, as a
result, perceived ever-growing uncertainty if the govern-
ment would live up to its promise (Willeboer, 2005). When,
in December 2005, the new law came into force, the Amer
project still had not received an exemption. Since Essent
still had hope while uncertainty about the exemption
continued to exist, the introduction of the new law put an
end to both uncertainty and hope. After all the efforts that
had been made to make the gasification plant operational,
the gasifier was shut down. (Schouwenberg, 2006; Van den
Brand, 2006) Governmental policy had changed from
being an incentive to start the project into the death-blow
that stopped the project.

Thus, the termination of this project was not the result of
perceived uncertainty, but of the disruptive effect of the
new law on the entrepreneur’s motivation to continue
biomass gasification activities. Nevertheless, this incident
has led to an increase of perceived uncertainty in another
manner: since the government had not been able to keep its
promise about the exemption, Essent perceives uncertainty
19The Amer project was an exceptional case, since the combination of a

wood gasifier and a conventional power plant did not exist elsewhere. In

the Amer project, ‘non-clean’ contaminated biomass (demolition wood) is

converted into ‘clean’ syngas, which is co-combusted in the existing power

plant. The license obtained in 1998 permitted this exceptional situation,

but the BVA made no provision for a transformation of ‘non-clean’ to

‘clean’ fuel and only looked at the ‘non-clean’ input of the gasifier.
about the reliability of the government as an important
barrier to new investments in innovative renewable energy
projects (Willeboer, 2005; Schouwenberg, 2006).20

4.3. Towards a dynamic view of entrepreneurial action under

perceived uncertainties

Analyzing the above project descriptions helps us to gain
a deeper understanding of the complex relation between
perceived uncertainties, motivation and the decision of
entrepreneurs to take action. First of all, the project
descriptions supported the argument of McMullen and
Shepherd (2006), put forward in Section 2, which whether
or not an entrepreneur decides to act is dependent not only
on the perceived uncertainties but also on the entrepre-
neur’s motivation. In all projects, we observed that the
decision to initiate the project was based on the recognition
of an opportunity arising from the emerging technology
(e.g. technology developers discovered opportunities for
making profit out of selling biomass gasification plants,
whereas adopters of the technology saw opportunities for
making profit by selling the renewable energy produced
with biomass gasification). These positive expectations
about the potential rewards of the project initially formed a
strong motivation for the entrepreneurs to bear perceived
uncertainties.
Another result of the dynamic project analysis is that it

revealed that the decision of entrepreneurs to act is not a
permanent decision, but rather one that is constantly
reassessed. The project descriptions clearly showed that
perceived uncertainties and motivation are not stable, but
change over time. At the start of the biomass gasification
projects, we noticed that motivation of the entrepreneurs
was high enough to encounter perceived uncertainties.
However, in most of the projects, this initial balance
between motivation and perceived uncertainties changed
over time. Entrepreneurs abandoned their projects because
motivation had declined and/or perceived uncertainties had
increased. These changes in motivation and perceived
uncertainties can have several causes. Below, we describe
how various factors in the internal and external project
environment may influence the perceived uncertainties and
motivation of entrepreneurs.

4.3.1. Critical factors in the internal and external project

environment

Our empirical results demonstrated that the perception
of uncertainty and motivation are influenced by various
project internal factors (see Fig. 3). One of the project
internal factors that played an important role in the
biomass gasification projects was the constitution of actors
involved in the projects. Since actors have different frames
20Essent is investigating if they can restart the Amer project with clean

biomass material, but this would mean that additional modifications have

to be made to the gasifier. (Schouwenberg, 2006)
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of reference, motives to engage in the project, experiences
and skills, they will also differ in their perception of
uncertainty and reaction to uncertainty. As the NH project
showed, the involvement of multiple entrepreneurs in a
project increases the chance that the perceptions of
uncertainty and the motivation to engage in the project
diverge among the various entrepreneurs involved. Since
the lack of a common understanding can hamper fruitful
cooperation in multi-actor projects (e.g. Koppenjan, 2005),
diverging perceptions and motivations increase the risk of
project abortion. Furthermore, the constitution of actors
involved in an innovation project is not necessarily stable
(Garud and Karnøe, 2003; Koppenjan and Klijn, 2004).
Actors can enter or exit the project and the roles that actors
play within the project can alter over time. The projects in
Goor and Schiedam showed that the entrance of a new
actor who is less willing to bear perceived uncertainties can
have serious consequences for the continuation of an
innovation project.

Another example of a project internal factor that played
an influential role in the biomass gasification projects was
the temporal duration of the project. The time and
financial resources that are available to turn an innovation
project into a success are limited. The projects in Bladel
and Hengelo showed that this is often underestimated. The
projects in Bladel and Hengelo both received a temporary
license for a period of 3 years, which was supposed to be
sufficient to develop a successful working plant. Due to the
limited time scale of the project, the entrepreneurs were
forced to re-evaluate their actions when the validity period
of the license was coming to an end. The entrepreneurs
realized that they were unable to reduce uncertainty about
how to solve the remaining technological problems and
uncertainty about how to mobilize additional financial
resources within the limited time they had still left. They
decided to abandon their projects instead of trying to
obtain a new license in order to continue their biomass
gasification activities. Thus, the limited temporal duration
of the project negatively reinforced the perceived uncer-
tainties and motivation of the entrepreneurs to continue
with the project. The Amer project, on the contrary, did
not have a limited time scale. Although the Amer project
encountered just as much technological problems as the
projects in Bladel and Hengelo, the entrepreneur of the
Amer project managed to develop a successful working
plant after 7 difficult years. If the entrepreneur would have
faced a hard deadline within this 7-year period, he might as
well have decided to stop. Since there was no deadline, the
entrepreneur was able to continue experimenting with the
technology and thereby to reduce technological uncer-
tainty. However, the temporal duration of a project can
also play a role in projects which do not encounter a hard
deadline. For example, in the NH project, the long delays
led to a loss of ‘momentum’ and to declining motivation of
the entrepreneurs involved.
Apart from project internal factors, the project descrip-

tions showed that several factors in the external environ-
ment of a project influence the perceptions of uncertainties
and motivation of entrepreneurs (see Fig. 3). For example,
economic change (e.g. changes in the market prices) can
influence the expected profits of the project. This was
clearly visible in the project in Bladel, which was initiated
to avoid high manure disposal costs. Due to an outbreak of
avian influenza, the manure disposal costs decreased and
therefore the expected savings, which the project would
yield, diminished. Since the economic incentive to engage
in the project had vanished, the motivation of the
entrepreneur decreased.
The project descriptions furthermore showed that

external technological developments can greatly affect the
entrepreneurs’ motivation and perceptions of uncertainty.
In the Hengelo project, we noticed that perceived
technological uncertainty increased and expectations about
the outcome of the biomass gasification project (and
thereby the motivation to engage in the project) decreased
due to successful developments of competitive technolo-
gies. The sector-wide effects of the technological failures in
the Amer project illustrated that not only developments of
competitive technologies but also developments of compe-
titive projects with identical technologies can influence how
entrepreneurs perceive and respond to uncertainties. Due
to the failures of the Amer project, entrepreneurs of other
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biomass gasification projects became more uncertain about
the technology and, in several cases, even abandoned their
activities.

Another example of an external factor, which we
observed in the biomass gasification projects, was institu-
tional change. Institutions (such as regulation, standards
and so on) guide actors’ perceptions and actions (Edquist,
1997; Geels, 2004). Institutional change can therefore
greatly influence how entrepreneurs perceive and respond
to uncertainties. In the empirical case, the NH project and
the project in Goor were influenced by the liberalisation of
the energy market. The liberalization drastically affected
the goals and management strategies of the energy
companies, since energy companies became competitors
and no longer cooperated in the realization of high-risk
environmental-friendly projects (Raven, 2006). As a result
of this institutional change, the incentive for energy
companies to engage in a biomass gasification project
and the willingness to bear perceived uncertainties had
diminished.

In a similar manner, various other internal and external
factors may influence the perception of uncertainties and
motivation of the entrepreneurs and, consequently, the
decision whether or not to act. What makes it even more
complex is that different interaction patterns may occur
between the variables in the model (see Fig. 3).

4.3.2. Interaction patterns

When analyzing the biomass gasification projects, we
observed that many of the abandoned projects can be
characterized by the occurrence of negative interaction

patterns, where internal factors, external factors and
perceived uncertainties interact and reinforce each other
in a negative way. One of the negative interaction patterns

that we observed in the project descriptions was the
interaction between temporal duration (a project internal
factor) and institutional change (a project external factor).
The long duration of a project increases the chance that
changes in external factors occur. For instance, if the NH
project would not have been delayed (like in the Amer
project, which started approximately at the same time), the
investment decision would already have been made before
the liberalization of the energy market started to interfere
with the investment decisions of the energy companies. In a
similar manner, we observed that changes in external
factors can reinforce changes in internal factors. To
illustrate, in the project in Goor the liberalization of the
energy market (external factor) resulted in a change in the
actor constitution (internal factor), which in turn resulted
in re-evaluation and termination of the project.

Apart from interactions between the internal and
external factors, different sources of perceived uncertainty
can reinforce each other in a negative manner. For
example, several investors decided to withdraw their
proposal to finance the project in Tzum due to the
uncertainties they perceived about the performance of this
emerging energy technology and about the financial
support from the government. As a result, entrepreneurs
became uncertain about the mobilization of financial
resources and the project was seriously delayed. This
negative interaction pattern between technological uncer-
tainty and resource uncertainty was also visible in the
sector at large. Due to the poor results of the Amer project
and various projects abroad, perceived uncertainty about
the performance of biomass gasification technology in-
creased in the sector as a whole. This technological
uncertainty made banks reluctant to invest in biomass
gasification projects. As a result, entrepreneurs became
uncertain about the mobilization of financial resources and
decided to postpone or cancel their projects. Thus, negative
technological developments external to the project may
lead to an increase of perceived technological uncertainty,
which in turn may lead to an increase of perceived
uncertainty about resources and thereby to a slowing
down or termination of the innovation project. In the same
manner, other negative interaction patterns can develop and
hamper entrepreneurial action.
Luckily, not all interaction patterns have a negative

influence on the continuation of entrepreneurial action.
The project descriptions illustrated that the decision
whether or not to continue entrepreneurial action can be
positively influenced by previous actions of the entrepre-
neur. The project descriptions showed that, if an entrepre-
neur is motivated to take action under perceived
uncertainties, the entrepreneur will initiate all sorts of
activities in order to reduce the major sources of perceived
uncertainty. For example, in the Bladel project, the
entrepreneur initiated a dialogue with the local govern-
mental authorities who were responsible for the licensing
procedure in order to gain support for the project. By
involving governmental authorities, the entrepreneur man-
aged to reduce political uncertainty. In reaction to
uncertainty about the mobilization of biomass resources
(Amer project) or financial resources (project in Tzum), we
noticed that entrepreneurs aimed at cooperation with
biomass suppliers and external investment partners,
respectively. In both the Bladel and the Amer projects,
we observed that the entrepreneurs actively engaged in
technology-development activities in order to build-up
technological know-how and become independent of
technology suppliers. Thus, experimenting with the tech-
nology helped to reduce technological uncertainty and
uncertainty about the reliability of technology suppliers. As
was shown in the Amer project, this reduction of perceived
uncertainties, in turn, may stimulate the entrepreneur to
continue entrepreneurial action. Thus, if entrepreneurial
action results in a reduction of perceived uncertainties,
which reinforces the entrepreneur’s motivation and finally
leads to continuation of entrepreneurial action, we speak of
a positive interaction pattern.
The type of interaction patterns that arise are highly

context-specific and can differ in each phase of the project.
For instance, in the start-up phase of the Amer project, the
entrepreneur was not motivated enough to cope with
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uncertainty about the availability and price of biomass
resources and decided to put the project on hold. In this
phase of the project, investments were still modest and
the consequences of delaying or terminating the project
were small. However, as investments mounted during
the implementation phase, so did the barrier to abandon
the project. In order to make good on prior investments,
the entrepreneur was extremely motivated to turn the
project into a success. As a result of this ‘entrapment’
situation, the entrepreneur was far more willing to cope
with perceived uncertainties than in the start-up phase.
Instead of deciding to delay or stop the project, the
entrepreneur decided to initiate all sorts of activities to
reduce the major sources of uncertainty. A positive

interaction pattern of continued entrepreneurial action
and decreasing perceived uncertainties was build-up. This
positive interaction pattern abruptly ended in the exploita-
tion phase due to the negative influence of an external
factor (the introduction of a new emission law).

Thus, the effect that perceived uncertainties have on
entrepreneurial action is complicated by the large diversity
of internal and external factors and the complex inter-
dependencies between the various variables in the con-
ceptual model (see Fig. 3). A dynamic analysis, which aims
at identifying these internal and external factors and
analysing the different interaction patterns, is needed in
order to better understand why and how perceived
uncertainties, motivation and the decision of whether or
not to act evolve over time.

5. Conclusions and policy implications

The aim of this article was to gain a deeper understanding
of the role of perceived uncertainties in innovation projects
aimed at developing and implementing emerging renewable
energy technologies. Previous researchers have often argued
that the emergence of a new technology is inherently
uncertain and that this uncertainty can block entrepreneur-
ial action. In this article, we wanted to take this argument a
step further by identifying the major sources of perceived
uncertainty and analyzing how perceived uncertainty
influences entrepreneurial action in different phases of an
innovation project. From the empirical case on the
development and implementation of biomass gasification
in the Netherlands, we conclude that the dominant
uncertainty sources influencing entrepreneurial decision-
making in this early stage of technological development are
technological, political and resource uncertainty.

Furthermore, our empirical analysis supports the argu-
ment of McMullen and Shepherd (2006) that the decision
of an entrepreneur whether or not to engage in a particular
action is dependent on the balance between perceived
uncertainty and motivation. Entrepreneurs will decide to
act only if they are motivated enough, given the uncertainty
they expect to encounter in pursuit of an opportunity.
However, we believe that the work of McMullen and
Shepherd (2006) has some important limitations in that it
only focuses on the initial decision of entrepreneurs to
undertake a particular action and does not provide explana-
tions for the fact that many innovation projects are
abandoned prematurely. By performing a dynamic analysis,
we were able to examine how perceived uncertainties and
motivation change over time and how these changes affect
the decision of entrepreneurs whether or not to continue
their actions. This dynamic analysis showed that many
biomass gasification projects have been abandoned before
ever reaching the exploitation phase because perceived
uncertainties increased and motivation decreased over time.
Such changes in perceived uncertainties and motivation are
influenced by various factors in the project’s internal
environment, such as changes in the actor constitution or
the temporal duration of the project, and factors in the
external environment of the project, like economic change,
institutional change or technological developments external
to the project. By showing how various negative and positive
interaction patterns can occur between these internal and
external factors and the entrepreneurs’ perceived uncertain-
ties and motivation, we provide a deeper insight into the
underlying dynamics of innovation projects.
Given the increasing interest in understanding and

steering entrepreneurial activities within sustainable tech-
nology development (e.g. Jacobsson and Bergek, 2004;
Elzen et al., 2004; Elzen and Wieczorek, 2005; Raven, 2006;
Negro, 2007), we believe that both scholars and policy-
makers may benefit from this more dynamic perspective on
the role of perceived uncertainties in entrepreneurial
action. The conceptual framework that we applied in our
empirical case provides policymakers three different
options in order to reduce the negative consequences of
perceived uncertainties on entrepreneurial action: policy
can directly address the sources of uncertainty, policy can
influence the motivation of the entrepreneurs and policy
can aim at decreasing the negative influence of factors in
the project’s environment. Using the empirical case on
biomass gasification as an example, the following policy
recommendations can be made. First of all, policy
instruments can be aimed at directly reducing perceived
uncertainties. Although some of the uncertainty sources
(such as technological uncertainty or supplier uncertainty)
lie beyond the direct control of policymakers, policymakers
play an important role in reducing political uncertainty.
Since our empirical analysis showed that political uncer-
tainty is one of the major sources of uncertainty for the
entrepreneurs involved in biomass gasification projects,
reducing this uncertainty can form an important stimulus
for entrepreneurial action. With respect to biomass
gasification, the main issues are to reduce the ambiguity
and complexity in the emission regulation concerning the
license of bio-energy plants21 and to reduce uncertainty
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about future changes of the financial instruments. Second,
policy instruments can be aimed at increasing the motiva-
tion of entrepreneurs to engage in biomass gasification
projects. As we described in the empirical section, the
governmental subsidy that entrepreneurs receive for
producing renewable electricity has formed an important
incentive to engage in bio-energy projects. However, the
effectiveness of these financial instruments in terms of
increasing the motivation of entrepreneurs is counteracted
by the uncertainty which entrepreneurs perceive with
respect to the frequent and unexpected changes of these
instruments. Third, policy instruments can be aimed at
protecting first-of-a-kind projects like the biomass gasifica-
tion projects from the negative influences of factors in the
project’s environment. With respect to the biomass
gasification projects, one of the ways for policymakers to
do this is to grant a first-of-a-kind project a permanent
license instead of a temporary license for a limited trial
period. By preventing the fact that the limited validity
duration of licenses becomes a barrier, entrepreneurs have
more time to learn how best to deal with the perceived
uncertainties they encounter in the development and
implementation of emerging technologies. Another way
to help entrepreneurs of these first-of-a-kind projects is to
provide risk capital. As was illustrated in the case study,
entrepreneurs often have difficulty to mobilize financial
resources since banks, investors or top management are
reluctant to invest in high-risk projects aimed at imple-
menting emerging technologies that are not yet ‘proven’.
By making more governmental funds available for these
first-of-a-kind projects, the projects will become less
vulnerable to the judgements of above-mentioned parties
and uncertainty about the mobilization of financial
resources will be reduced. In order for emerging renewable
energy technologies to develop into ‘proven’ and widely
diffused technologies, it is essential that several of these
‘‘first-of-a-kind’’ projects manage to succeed. Therefore,
policymakers should use all the options they have in order
to support entrepreneurs to cope with the large uncertain-
ties, which are encountered in ‘‘first-of-a-kind’’ projects,
and thereby to prevent that so many of these projects fail.
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