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A B S T R A C T

This study examines how political, social and economic factors influence clean energy technology entrepreneur-
ship (CETE). Government policies supporting clean energy technology development and the development of
markets for clean energy create opportunities for CETE. However, the extent to which such opportunities lead to
the emergence of new clean energy businesses depends on a favorable external context promoting CETE. This
study employs a novel dataset combining indicators of the policy and social context of CETE with information
on clean energy technology startup firms in the USA to provide empirical evidence that technological and
market conditions supporting clean energy induce more extensive CETE under contexts where local attention to
clean energy issues and successful firms commercializing clean energy technologies are more prominent. By
establishing that CETE is contingent upon a supportive local environment as well as technology and market
opportunities, the study holds relevance for policy makers and clean energy technology firms.

1. Introduction

Advances in clean energy technology development are important to
address contemporary environmental challenges such as global warm-
ing and air pollution that stem from the current reliance of the energy
system on fossil fuels. By themselves, however, these advances are not
sufficient to address these challenges. Technologies that facilitate the
use of renewable energy or reduce energy consumption and pollution
also must be commercialized and successfully diffused before they can
precipitate positive environmental outcomes (Marcus, 2015). Clean
energy technology entrepreneurship (CETE) concerns the discovery,
evaluation and exploitation of goods and services that incorporate
novel clean energy technologies to reduce harmful environmental
externalities associated with conventional energy production, distribu-
tion, and consumption (Eckhardt and Shane, 2003; Venkataraman,
1997). Entrepreneurship in this domain involves identifying a market
opportunity for a clean energy technology and developing a viable
business model to exploit it (Teece, 2010). CETE is an essential step in
the adoption and diffusion of the advanced technologies upon which a
clean energy future depends.

Understanding CETE requires comprehending why some opportu-
nities for clean energy technology are recognized and developed
whereas others are not. While research on entrepreneurial opportunity

development once tended to focus mainly on characteristics of the
entrepreneur (Short et al., 2010), recent studies have begun to examine
the influence of the external environment (Tolbert et al., 2011). In
relation to CETE, market failures associated with knowledge external-
ities are compounded by the additional challenges of addressing the
negative externalities of environmental pollution (Jaffe et al., 2005)
and those that arise from policy uncertainty (Marcus et al., 2011).
Because government and broader societal actors play an important role
in helping to mitigate these challenges, the external context is
particularly germane to CETE. Accordingly, this study examines how
the external context of entrepreneurs influences clean energy technol-
ogy entrepreneurship.

The objective of the study is to assess to the extent to which CETE is
contingent on a favorable external context. Favorable political, social
and economic factors play a role in not only creating opportunities for
entrepreneurs to develop into new businesses, but in creating condi-
tions supportive of that development. The study explores the extent to
which technological opportunities and market opportunities, which
promote CETE, vary across locations depending on contextual factors,
specifically local attention to clean energy issues and evidence of clean
energy business viability. The central claim is that local attention to
clean energy and evidence of the viability of clean energy technology
businesses positively moderate the relationship between the existence
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of clean energy entrepreneurial opportunities in a location and the
extent of CETE in that location. This argument is tested using a novel
dataset combining indicators of the policy and social context of CETE
with information on clean energy technology startup firms in U.S.
states that received VC investment funding between 2000 and 2006.

Focusing on local attention to and verification of the viability of
clean energy businesses contributes to research on the role of institu-
tions in promoting entrepreneurship. Entrepreneurship research high-
lights the role of entrepreneurs and their social networks in commer-
cializing technologies (Short et al., 2010). However, while inward-
looking factors such as the traits and social networks of entrepreneurs
themselves have received ample attention, the influence of the external
environments in which entrepreneurs are embedded has been rela-
tively understudied (Tolbert et al., 2011). The present study helps to fill
this gap by leveraging the clean energy context to identify two
important contextual influences on clean energy technology entrepre-
neurship. At the same time, this study highlights the salience of US
states as relevant units of analysis for understanding how differences in
institutional environments impact local CETE. It aligns with recent
arguments from researchers delving into organizations and the natural
environment who have emphasized the importance of jurisdictional
differences at sub-national levels as change incubators for sustainable
development (Hoffman and Jennings, 2015).

Increased understanding of how the external context influences
CETE is also relevant to policy makers concerned with promoting the
adoption of clean energy solutions. The importance of technological
advance has led governments around the world to implement policy
measures aiming to promote the development and diffusion of clean
energy. Prominent examples include the provision of subsidies for
clean energy research and development and the creation of market
demand for such technologies through the use of such policy mechan-
isms as feed-in-tariffs and renewable portfolio standards. Some policies
have been successful in promoting clean energy technology develop-
ment (Johnstone et al., 2010). However, the results of policy adoption
have not everywhere lived up to expectations with respect to the hoped
for diffusion of those technologies nor the associated environmental
benefits to the energy system (Marcus et al., 2011). Greater attention to
the role of external context in promoting CETE necessary to realize
societal gains can provide some insights into the reasons for such
failures and help to guide future policy initiatives toward where they
can have a more meaningful impact.

2. Literature review

2.1. Technological and market opportunities

Entrepreneurship in any domain is contingent on the presence of
opportunities that entrepreneurs discover (Eckhardt and Shane, 2003)
and transform into realized products and services (Alvarez and Barney,
2007). This process consists of a number of distinct steps (Ardichvili
et al., 2003). Entrepreneurs must be aware of both technological
potential and market need. They have to identify a match between
potential and need and must develop business models to capitalize on
that match (Casson, 1982; Eckhardt and Shane, 2003; Shane and
Venkataraman, 2000). The existence of clean energy technologies and
market opportunities, therefore, are necessary conditions for clean
energy technology entrepreneurship to emerge (Shane, 2003).
However, such supportive conditions do not exist everywhere to the
same extent. In particular, local policy and social conditions can create
important differences in the degree to which there are technological
and market opportunities across geographic and political boundaries.

The diffusion of technological knowledge tends to be geographically
constrained (Jaffe et al., 1993). Because technological entrepreneur-
ship involves incorporating technologies into novel products and
services offered by new enterprises, entrepreneurship is more extensive
in regions where potentially relevant technologies are more abundant.

The benefits of local technological development in promoting local
entrepreneurship are well-established (Dosi, 1982; Malerba and
Orsenigo, 1997; Siegel et al., 2003, 2004; Van de Ven et al., 1999).
Beyond the quantity of locally available technology, the ability to
understand that technology is perhaps just as important. Novel
technologies often consist of a substantial amount of tacit knowledge.
As such, the ability to understand and apply technologies is contingent
on the ability to connect with local actors who can transmit this tacit
knowledge (Jaffe et al., 1993). Moreover, greater levels of local
scientific research help to distinguish between promising and unpro-
mising future research areas (Fleming and Sorenson, 2004), which can
further improve the odds of local entrepreneurial success. In short,
local knowledge development has the potential to improve the quantity
and quality of startup businesses that can develop these technologies
into viable enterprises. Accordingly, CETE is likely to be more extensive
in the presence of greater technological opportunities.

However, even the most advanced technologies are of little use if
potential entrepreneurs are unable to identify customers willing to pay
for novel products and services. In the absence of potential markets,
entrepreneurs can neither create nor capture value from the provision
of new technologies (Teece, 2010). In the case of clean energy
technologies, the development of market opportunities is particularly
challenging because traditional energy industries and technologies are
heavily subsidized. Throughout the value chain, from extraction to
production to consumption, fossil fuels receive considerable govern-
ment support. According to Aldy (2011) subsidies for oil, gas, and coal
production activities from the US federal government amount to over
US$ 4 billion annually. These and other forms of support for the use of
fossil fuels tilt the playing field against clean energy entrepreneurs.

Governments around the world have played an important part in
balancing the playing field by creating the markets for clean energy
technologies. Legislation intended to provide assistance to US manu-
facturers producing their own electricity, particularly the Public
Utilities Regulatory Policies Act of 1978, created the opening for the
emergence of US renewable energy production (Russo, 2001). In the
transportation sector, fuel economy standards played a critical role in
the use of fuel-efficient technologies (Lee et al., 2011). Policies such as
feed-in-tariffs for electricity generated from renewable sources in
several European countries and tax credits for wind energy production
in the US have been instrumental in creating potential customers for
products and services incorporating clean energy technologies.
Accordingly, by generating such market opportunities for clean energy
technologies these and similar government actions can be expected to
increase the extent of local CETE.

The above background suggests that the presence of clean energy
technology and market opportunities in the local environment are
necessary conditions for CETE. In this sense, the factors supporting
CETE align with research on innovation diffusion that emphasizes how
factors that promote the development of new technologies and factors
that promote the creation of commercial markets for those technolo-
gies are both critical components for fostering innovation (Bonaccorsi
and Thoma, 2007; Dosi and Nelson, 2010). However, to the extent that
entrepreneurship plays a major role in bridging the gap between the
development of new technologies and their successful commercial
deployment, the presence of technologies and the existence of markets
may not be sufficient for promoting adoption and diffusion of clean
energy technologies. Attending to how the presence of an external
context that is conducive to entrepreneurial activity can explain why
(Tolbert et al., 2011). Local attention to clean energy and evidence of
clean energy business viability are two particularly salient features of
the external context to CETE this study explores.

2.2. Local attention to clean energy issues

Opportunity awareness is an essential feature of the entrepreneur-
ship process of technological development (Alvarez and Barney, 2007;
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Shane, 2003). Even if potential entrepreneurs are surrounded by local
market and technological opportunities to commercialize clean energy
technologies, they will not create viable entrepreneurial firms if they
lack awareness of those opportunities. A reason why awareness differs
across potential entrepreneurs is the exposure of the entrepreneurs to
the relevant information (Kirzner, 1997; Shane, 2000). To develop
opportunities, entrepreneurs must recognize previously unseen con-
nections between ideas (Baron, 2006). Scholars have shown that
opportunity development is more prominent when potential entrepre-
neurs possess greater access to information (Siegel and Renko, 2012).
Increased exposure to information increases the likelihood that en-
trepreneurs recognize potentially profitable connections between un-
related ideas. Greater awareness increases their potential for develop-
ing opportunities even when entrepreneurs do not actively search for
this information (Shane, 2000). Awareness then increases the like-
lihood that potential entrepreneurs become actual entrepreneurs.

Exposure to information is particularly important in the case of
clean energy technology development. Direct experience of potential
entrepreneurs with clean energy may be lacking because relevant
technologies in this domain often lie outside their everyday activities
and awareness (Shane, 2000). Potential entrepreneurs with experience
in other technological domains like computer software often are
unaware of the clean energy technology opportunities for which their
skills may be relevant.

The extent to which information regarding clean energy issues and
technologies is part of everyday discourse varies by location. This
variance exists for many reasons including the degree of local
dependence on fossil fuels, the quality of the local natural environment,
and the extent to which local residents prioritize maintaining or
improving that quality (Matisoff, 2008). Local media play a critical
role in stimulating awareness of new opportunities among market
actors (Rindova et al., 2006). Through persistent patterns of selection,
emphasis, and interpretation, the media direct awareness and recogni-
tion of new opportunities. Besides increasing awareness of new
opportunities (Pollock and Rindova, 2003), the flow of media discourse
also enhances the movement of information to market participants and
supports inferences of quality. The more that media attention to clean
energy exposes potential entrepreneurs to information pertaining to
opportunities, the more likely they are to perform the critical task of
discerning valuable connections between previously unrelated ideas
(Baron, 2006). In sum, the positive effect of technological opportunities
and market opportunities on clean energy technology entrepreneurship
will be augmented when there is greater local attention to clean energy.

2.3. Evidence of clean energy business viability and clean energy
technology entrepreneurship

Entrepreneurship is an inherently risky endeavor. Successful en-
trepreneurs must overcome technological and market challenges
associated with the commercialization of new technologies (Lazonick,
2007; Van de Ven et al., 1999). Indications that entrepreneurial
ventures are capable of surmounting the many challenges are therefore
an important influence on entrepreneurship. Local availability of
information, expertise, and social and professional networks plays an
important role in enabling entrepreneurs to overcome the relevant
challenges. The presence of successful local firms commercializing
clean energy technologies can help to stimulate CETE by demonstrat-
ing that requisite resources are sufficiently available in the local
environment and, in so doing, increase the legitimacy of clean energy
entrepreneurial business activities (Aldrich and Fiol, 1994). In this
sense, the presence of successful local firms commercializing clean
energy technologies provides clear evidence that CETE presents a
viable entrepreneurial opportunity.

Beyond demonstrating the sufficient local availability of requisite
resources, the presence of successful entrepreneurial firms commer-
cializing clean energy also demonstrates the potential for financial

rewards. Because the negative financial consequences of failure con-
stitute perhaps the most significant constraint on entrepreneurship,
indications that entrepreneurial success can produce financial reward
are perhaps the most important form of entrepreneurial business
verification. Indeed, the overall extent of entrepreneurial activity in a
given location derives in large part from the extent to which the local
environment creates the conditions for financial rewards (Baumol,
1990).

Demonstrable prospects for financial success are particularly salient
in the case of CETE. Competing with incumbents unconcerned with
environmental performance is likely to put entrepreneurs offering
clean energy products and services at a cost disadvantage
(McWilliams and Siegel, 2001). The potential of a new business to
produce financial returns becomes increasingly important as uncer-
tainty surrounding the likelihood of customer acceptance increases
(Choi and Shepherd, 2004). As such, the higher costs and lack of
discernible, non-environmental, benefits for clean energy technologies
are likely to be particularly discouraging for CETE in the absence of
successful local firms indicating that clean energy technology busi-
nesses are viable.

In sum, the presence of successful local firms indicates not only that
ample financial returns are possible but that critical resources such as
local information, expertise, and networks are sufficiently available to
realize those returns. The positive effects of technological opportunities
and market opportunities on clean energy technology entrepreneurship
will therefore be augmented when the opportunities are supported by
the presence of successful clean energy businesses.

2.4. Hypotheses derived from the literature review

Fig. 1 summarizes the following six hypotheses derived from the
prior literature:

Hypothesis 1. Clean energy technology entrepreneurship is likely to
be more extensive in the presence of greater technological
opportunities.

Hypothesis 2. Clean energy technology entrepreneurship is likely to
be more extensive in the presence of greater market opportunities.

Hypothesis 3. Increased local attention to clean energy augments the
positive effect of technological opportunities on clean energy
technology entrepreneurship.

Hypothesis 4. Increased local attention to clean energy augments the
positive effect of market opportunities on clean energy technology
entrepreneurship.

Fig. 1. Moderating effect of local attention to clean energy issues and viability of clean
energy business viability on the relationship between technological and market oppor-
tunities and clean energy technology entrepreneurship.
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Hypothesis 5. Increased evidence of clean energy business viability
augments the positive effect of technological opportunities on clean
energy technology entrepreneurship.

Hypothesis 6. Increased evidence of clean energy business viability
augments the positive effect of market opportunities on clean energy
technology entrepreneurship.

3. Methodology

3.1. Sample and variables

The dependent variable of the study is clean energy technology
entrepreneurship. This variable is measured by examining venture
capital (VC) investment in startup firms developing clean energy
technologies. Venture capitalists are sophisticated investors who
specialize in being able to identify when entrepreneurs have identified
a promising business opportunity by linking a new technology to a
potentially substantial market opportunity (Gompers and Lerner,
2001). In order for firms to receive VC support, they must not only
possess unique technological capabilities and ideas, they must also
demonstrate a potential plan for profitably deploying those ideas in
(frequently new) markets. The skills of venture capital investors are
therefore particularly relevant to identifying viable startups developing
clean energy technologies (Lerner, 2011). The approach this study
takes to measuring technology entrepreneurship has been employed in
prior studies (Audretsch, 2012) and accords with the Schumpeterian
logic whereby success in identifying novel combinations of ideas
defines entrepreneurial activity (Schumpeter, 1934).

Venture capital investments in firms commercializing environmen-
tal technologies are measured using data collected by the Cleantech
Group. The Cleantech Group is a private research firm specializing in
providing information about firms developing technologies related to
environmentally sustainable innovation. The Cleantech Group's em-
phasis enables identification of specific instances of venture capital
investment in clean energy technology firms. Its focus is on firms
developing technologies related to energy efficiency and renewable
energy generation such as wind and solar electricity. For example, the
sample includes Miasole, a California-based producer of lightweight
and flexible solar cells capable of being used across a range of devices
ranging from solar panels to mobile devices. The firm was founded and
received its first venture capital investment in 2004. For a period of
time it emerged to become a world leader in thin film solar panel
efficiency. Another example is Enernoc. Located in Massachusetts, VC
investment supported this provider of software to manage energy
consumption and demand since its 2003 inception.

Clean energy technology entrepreneurship: is measured as the
total number of firms in a state receiving venture capital investment in
a given year. Aggregate state-level investment data is used to create a
longitudinal dataset of clean energy technology entrepreneurship
across the United States between 2000 and 2006. This period coincides
with important increases in both policy attention to the challenge
posed by climate change as well as entrepreneurial interest in devel-
oping clean energy technologies. Accordingly, focusing on this period
provides variance in our main independent variables necessary for
testing our arguments. The final sample consists of 660 VC investments
in clean energy firms spread across 329-state years for 47 US states1 for
which complete data were available.

To measure the level of technology opportunities available to
potential clean energy entrepreneurs the study uses patent data.
Patents provide a clear and objective indicator of technological activity
in a given location and have been used for that purpose in prior studies

(e.g. Fleming et al., 2007; Jaffe et al., 1993). The patent data come from
the CleanTech PatentEdge database provided by IP Checkups, a private
research firm specializing in identifying patents covering technologies
that address harmful environmental externalities. Clean energy tech-
nology patents are defined as those patents in the CleanTech
PatentEdge database granted by the US Patent and Trademark Office
that are related to renewable energy and energy efficiency (i.e. the same
criteria used to identify clean energy investments).

The set of clean energy technology patents from the CleanTech
Patent Edge database is then used to identify clean energy patents in
the NBER patent data file provided by the NBER Patent Data Project
(Hall et al., 2001). The NBER patent data includes information on the
geographic location of each clean energy patent assignee, which is used
to ascertain the US state in which the assignee is located. This location
data is then aggregated annually at the US state level to create a
measure of Technological Opportunities defined as the total number of
clean energy patents granted in a given year to assignees residing in the
state, including public entities such as universities and research
institutes, private sector firms and individuals.

Market opportunities are measured by focusing on state level
adoption of a renewable portfolio standard (RPS). A state RPS
mandates that a set percentage of energy generated or purchased in
the state be produced from renewable sources and sets targets for when
those levels must be achieved. RPS also stipulate substantial penalties
for non-compliant utilities, providing strong indication that the targets
they mandate are accurate indicators of not only future market size but
when that size will be realized as well. By mandating levels of clean
energy production, the adoption of an RPS has been the most
practically substantial policy adopted by US states over this time
period in terms of influence on market creation (Matisoff, 2008).
Moreover, because how production targets will evolve over time is
clearly spelled out, they provide more accurate and reliable guidance
into potential future market than alternative indicators such as
installed renewable energy capacity. This characteristic is likely im-
portant to entrepreneurs contemplating the commencement of a clean
energy technology commercialization process that is likely to take time
to realize. Finally, RPS adoption is also a general indicator of the
overall level of state policy support for clean energy market develop-
ment (Matisoff, 2008). Market Opportunities is a dummy variable, set
to 1 if the state had adopted an RPS in the given year and 0 otherwise.
This measure, varied substantially over the time period of the study.
Only 6 states had an RPS in 2001 but this increased to 19 states having
adopted a standard by 2006, the final year of the study. Data for RPS
come from the office of Energy Efficiency and Renewable Energy of the
U.S. Department of Energy.

Local attention to clean energy is captured by referencing local print
media, specifically the total number of articles appearing in print
publications located within the state in a given year that reference any
of a set of terms pertaining to clean energy and which indicate the topic
is a primary focus of the article. This measure, Local Attention, is the
total number of such articles appearing in a year (divided by one
thousand to avoid coefficient estimates of zero when reporting results).
Data come from the Dow Jones Factiva database.

Evidence of clean energy business viability, CEB Viability, is
measured as an annual count of the total number of clean energy
technology firms based in the state that were acquired by or merged
with another firm or that held an initial public offering in a given year.
These events indicate that local firms have been successful in commer-
cializing clean energy technologies. These events are also the most
prominent means by which entrepreneurial founders obtain the
financial rewards that factor into their decision to become entrepre-
neurs. Accordingly, acquisitions of and IPOs held by local firms provide
strong evidence of the viability of CETE to potential clean energy
technology entrepreneurs. Data for CEB Viability come from the
CleanTech Group investment database.

In order to address potentially confounding effects and alternative

1 The actual number of US states is 46 (all US states except Alaska, Iowa, Montana and
New Mexico), however, the District of Columbia is included as a 47th “state.” For
simplicity, subsequent references to the sample refer to “47 US States”.
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explanations, five additional variables are included as control in the
estimations. The first two control variables address potential confound-
ing affects associated with the time and location of venture capital
investment. Venture capital investment tends to be cyclical. Beyond
general fluctuations in VC investment levels, VC investing also tends to
be characterized by bandwagon effects where VCs become enamored
with new and fashionable investment categories (Gompers and Lerner,
1999, 1998). Fashion is important driver of investment in activities,
such as clean energy technology development, where information is
incomplete and difficult to access, future market conditions are hard to
predict, and performance is hard to track (Abrahamson and Fairchild,
1999; Strang and Macy, 2001). Because what is fashionable at one
point in time strongly influences what is fashionable in the subsequent
period, Lagged CETE, controls for the possibility that current levels of
interest in clean energy, broadly conceived, influence both opportu-
nities as well as entrepreneurship.

VC investing is a predominantly local activity that varies substan-
tially across regions of the US (Chen et al., 2010). Prospective
entrepreneurs are likely to be aware of these local differences. If
entrepreneurs believe they possess valuable ideas that will require
venture capital to realize their full potential, they may seek to establish
their firms in locations where VC financing is more widely available. A
measure of the size of the local VC community is included to control for
such effects. State VC is an annual count of all prior VC investments in
the state (from 1990 onward) in sectors other than clean energy. State-
level data on VC investment comes from the Thomson One Banker
database.

In addition to VC cycles, the availability of financing and interest in
establishing new ventures may also track the local economic climate.
Two measures of state-level economic activity are therefore included to
control for such effects. Change in gross state product (GSP), GSP
Change, is measured as the percentage change in GSP between the
previous and current years. The size of the state economy may
influence levels of both the independent and dependent variables.
Therefore a measure of State GDP in millions of US Dollars is also
included. Data for both State GSP and GSP Change come from the US
Bureau of Economic Analysis.

The cost of purchasing electricity in a state may also influence both
local entrepreneurship and the extent of entrepreneurial opportunities.
O'Rourke (2009) maintains energy prices are a fundamental driver of
clean energy technology investments. Electricity Price is the average
retail price per kilowatt hour (in US Dollars). In her study, she found
that VC investments have been related to rising energy prices.

In order to separate the opportunities created by an RPS from
existing clean energy opportunities, a control measure for renewable
energy generation is included. RE Generation is the annual total
amount of electricity generated in the state from renewable energy
sources (excluding hydro-based energy generation). Data for Electricity
Price and for RE Generation come from the US Energy Information
Administration.

Finally, the environment for clean energy in the US as a whole
underwent substantial change over the time period of study. Therefore,
a set of six dummy variables indicating years 2001–2006 (2000 is the
referent year) is included to address variation resulting from time-
specific influences common across the US.

3.2. Estimation strategy

The Arellano-Bond dynamic panel general method of moments
(GMM) difference estimator (Arellano and Bond, 1991) is employed to
evaluate the six hypotheses of the study. This estimator is appropriate
for several reasons. First, it addresses potential bias stemming from the
inclusion of the lagged dependent variable (Lagged CETE) in estima-
tions (Nickell, 1981). Lagged CETE acts as a control for any un-
observed past state-level influences on current levels of clean energy
technology entrepreneurship. Including the lagged dependent variable

addresses the possibility that current levels of VC attention to and
support for clean energy technology entrepreneurship are influenced by
prior-year levels. Including the lagged dependent variable also ad-
dresses the possibility that unobservable state-level factors influence
other explanatory variables as well as clean energy technology en-
trepreneurship.

Second, a dynamic panel estimator addresses the possibility that
the extent of technological and market opportunities may be endogen-
ously determined by other characteristics of the local environment. The
estimator uses a measure of the difference between current and prior
year values as instruments for any potentially endogenously-deter-
mined explanatory variables. The differencing approach combined with
the inclusion of the lagged dependent variable address the problem of
potential unobserved state-level heterogeneity. For the present analy-
sis, all available lagged differences (years two through seven) are used
as instruments for the lagged dependent variable and the two measures
of entrepreneurial opportunities. This addresses the possibility that
Technological Opportunities and Market Opportunities may be en-
dogenous. The robust two-step procedure correcting for panel-specific
heteroskedastacity as well as autocorrelation is used (Windmeijer,
2005). Finally, a dynamic panel estimator is also appropriate for panel
data sets with relatively few years but many groups, such as the dataset
used in the present study which includes 7 years of observation and 47
states (groups).

4. Results

Table 1 reports descriptive statistics and pairwise correlations for
all variables used in the analyses. There was substantial variation in the
extent of clean energy opportunities and entrepreneurship over the
time period of the study. While some states (primarily early in the
sample period) had no activity in terms of opportunities or entrepre-
neurship, both opportunities and entrepreneurship were extensive in
other states. For example, although the average state saw approxi-
mately 18 clean energy patents granted to local entities, some states
saw as many as 241 patents granted, while others saw none.

Results of Arellano-Bond dynamic panel difference GMM analyses
are reported in Columns 1–6 of Table 2. Table 2 reports statistics for
several tests of the validity of the Arellano-Bond difference GMM
estimates. First, as a general rule, the number of instruments used for
the potentially endogenous variables should not exceed the number of
groups (Roodman, 2009). Table 2 reports that 31 instruments were
used in all estimations, comfortably below the maximum threshold of
47 (the number of groups being the 47 US states in the sample).
Second, test results indicate that autocorrelation in the error structure
is not a problem. The test for second-order, AR(2), autocorellation is
not significant. Also insignificant are all Hansen test results for whether
the instruments are overidentified, indicating that the use of all sixed
lagged differences as instruments is not problematic. An additional
Hansen test for the exogeneity of the instruments was not significant
for any of the reported estimations. Together these tests support the
validity of the instruments used as well as the reliability of the results.

Column 1 of Table 2 reports results of Arellano-Bond dynamic
panel difference GMM estimation for a model including the control and
moderator variables only. The coefficient estimate for Lagged CETE is
positive and statistically significant (2.06, significance level p < 0.05).
As expected, previous levels of VC investment lead to more investment
in subsequent periods. Inclusion of a lagged dependent variable
typically absorbs a substantial fraction of variance in the remaining
explanatory variables. This appears to be the case in the present
analysis as none of the other control variables included in Column 1 are
statistically significant. Interestingly, the direct effects of both con-
textual variables (CEB Viability and Local Attention) are not statisti-
cally significant in Columns 1 or 2 of Table 2. This finding that a
favorable external context for CETE does not, by itself, promote such
entrepreneurship is very important.
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Column 2 tests Hypotheses 1 and 2 by adding to the explanatory
variables included in Column 1 the two independent variables:
Technological Opportunities and Market Opportunities. Based on
these hypotheses, coefficient estimates for both variables are expected
to be positive and significant. As reported in Column 2, the coefficient
estimate for Technological Opportunities is positive and significant at
the ten percent level (coefficient estimate=0.093, significance level p <

0.1). Because this effect is only weakly significant statistically speaking,
it is important to interpret the practical impact of this result. This can
be done by estimating the effect of a one standard deviation increase in
Technological Opportunities (an increase of 35 clean energy patents in
the state) on clean energy technology entrepreneurship. Such an
increase would be associated with approximately three additional
successful clean energy technology firms in the state. To put this value

Table 1
Descriptive statistics and pairwise correlations.

Mean S.D. Min Max 1 2 3 4 5 6 7 8

1. Clean Energy Technology Entrepreneurship 1.426 3.957 0 53 1
2. Technological Opportunities 20.361 35.463 0 241 0.69 1
3. Market Opportunities 0.226 0.419 0 1 0.32 0.35 1
4. Local Attention 0.215 0.311 0 2.854 0.73 0.74 0.31 1
5. CEB Viability 0.346 1.177 0 11 0.51 0.4 0.24 0.58 1
6. State VC 656.033 1455.294 1 11,961 0.88 0.83 0.36 0.72 0.41 1
7. Electricity Price 7.529 2.473 4.17 20.72 0.32 0.41 0.53 0.38 0.23 0.35 1
8. State GSP 226.198 269.449 17.047 1800.7 0.68 0.91 0.28 0.73 0.44 0.83 0.3 1
9. GSP Change 0.055 0.026 −0.005 0.171 0.03 −0.07 0.09 0 0.1 −0.01 0.05 −0.02

N=329. Table 1 reports means, standard deviations, minimum and maximum values, and pair-wise correlations of dependent and independent variables used in Arellano-Bond dynamic
panel difference generalized method of moments (GMM) estimation for CETE in 47 US States observed from 2000 to 2006. Multicollinearity diagnostics reveal a condition number of
15.76 for the dataset, well below the threshold value of 30 where multicollinearity may be problematic (Belsley et al., 1980).

Table 2
Results of Arellano-Bond dynamic panel difference GMM estimation of clean energy technology entrepreneurship on technological and market opportunities.

Hypothesis Tested→ 1 2 H1/H2 3 H3 4 H4 5 H5 6 H6

Lagged CETE 2.0557* 1.7625 1.4304 1.1482 0.8546 1.5931
(0.999) (1.572) (1.114) (0.832) (0.899) (1.686)

Technological opportunities(H1) 0.1237† 0.0930† 0.1152 0.1605* 0.1194
(0.071) (0.052) (0.080) (0.075) (0.077)

Market opportunities(H2) −0.0996 −0.5686 −1.0436 −0.9772 −0.7867
(3.803) (1.945) (2.051) (1.772) (4.250)

CEB viability −0.0163 0.0343 −0.048 −0.0024 −0.824 −0.4822
(0.431) (0.459) (0.447) (0.205) (0.631) (1.424)

Local attention −0.3765 −0.8697 −7.6172† −4.0998 −0.0928 −0.571
(0.003) (3.012) (4.590) (3.463) (3.470) (3.218)

State VC −0.0016 −0.0005 0.0005 0.0002 0.0016 0.0000
(0.002) (0.004) (0.003) (0.002) (0.002) (0.005)

Electricity price 0.0197 −0.2386 −0.2746 −0.473 −0.3857 −0.5655
(0.299) (0.639) (0.255) (0.373) (0.253) (1.150)

State GSP 0.0044 −0.016 −0.0137 −0.014 −0.0257* −0.0155
(0.010) (0.016) (0.013) (0.018) (0.012) (0.021)

GSP change −4.7216 1.7327 −1.1081 1.1894 4.2993 4.4812
(6.656) (13.387) (6.788) (7.165) (6.075) (13.608)

Technological opportunities×local attention(H3) 0.0492**

(0.018)
Market opportunities×local attention(H4) 6.2999**

(2.152)
Technological opportunities×CEB viability(H5) 0.0101*

(0.004)
Market opportunities×CEB viability(H6) 0.6817

(0.965)
Constant −0.3912 2.6368 3.4359* 4.4185* 4.1963* 4.6124

(1.428) (3.651) (1.601) (2.247) (1.629) (6.412)
Year dummies Yes Yes Yes Yes Yes Yes
Observations 329 329 329 329 329 329
Number of states 47 47 47 47 47 47
R-squared 0.609 0.632 0.723 0.680 0.615 0.640
Number of Instruments 31 31 31 31 31 31
AR(1) −2.16 −1.43 −1.35 −1.78 −1.82 −1.8
AR(2) 1.37 1.24 1.14 1.18 0.92 1.26
Hansen test overidentification 17.34 16.15 16.1 8.93 10.13 6.59
Hansen test of instrument exogeneity 8.27 8.05 8.61 4.38 5.65 6.1

Columns 1–6 of Table 2 report coefficient estimates, standard errors (in parentheses) and related output from Arellano-Bond dynamic panel difference generalized method of moments
(GMM) estimation for CETE in 47 US States observed from 2000 to 2006. Post-estimation assessment of instrument exogeneity is based on a Hansen test rejecting the null hypothesis of
instrument exogeneity as a group. Post-estimation assessment of second-order autocorrelation is based on the Arellano–Bond (AB) test rejecting the null hypothesis of no second-order
autocorrelation. Neither the Hansen test null hypothesis of group exogeneity for instruments generated, nor the null hypothesis of no second-order autocorrelation are rejected.

* p < 0.05.
† p < 0.10.
** p < 0.01.
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in perspective, the sample mean level of new clean energy technology
firms is approximately 1.4 such firms in a state per year. Accordingly, a
one standard deviation increase in Technological Opportunities would
triple the level of clean energy technology entrepreneurship in an
average state. Thus Hypothesis 1 is supported. By contrast, the
coefficient estimate Market Opportunities is not statistically significant
(significance level p=0.979). Adopting an RPS does not, by itself,
encourage potential entrepreneurs to develop new clean energy tech-
nology businesses. Hypothesis 2 is not supported.

The fact that the presence of market opportunities is not, by itself, a
sufficient condition for CETE suggests the importance of considering
other external factors that might work in conjunction with market as
well as technological opportunities to influence levels of CETE.
Considering other external factors is precisely the purpose of the
remaining estimations reported in Columns 3–6 of Table 2.
Hypotheses 3–6 imply that the effects of technological and market
opportunities on CETE will be stronger where the local context is more
supportive of such entrepreneurial activity as indicated by local
attention to clean energy issues and evidence of the viability of clean
energy businesses. The four estimations reported in Columns 3–6 of
Table 2 report results of Arellano-Bond dynamic panel difference GMM
estimations identical to those used to produce the results in Column 2,
with the sole difference being that each estimation includes one of four
different interaction terms that capture the moderating effects of Local
Attention and CEB Viability on the two types of entrepreneurial
opportunities, Technological Opportunities and Market
Opportunities, respectively. Determining the extent to which the
external context influences CETE requires attending to whether the
coefficient estimates for each of these four interaction terms are both
statistically significant as well as practically meaningful.

According to Hypothesis 3, the positive effect of technological
opportunities on CETE will be stronger where there is more extensive
local attention to clean energy issues. Tests of this hypothesis are
conducted by including a term representing the interaction between
Technological Opportunities and Local Attention (Technological
Opportunities x Local Attention) in the estimates reported in Column
3 of Table 2. The coefficient estimate for this interaction term is
positive and statistically significant (coefficient estimate=0.049, sig-
nificance level p < 0.01). This results provides statistical support for the
argument of Hypothesis 3 that the positive effect of technological
opportunities on CETE is stronger in those states where there is greater
local attention to clean energy issues.

A meaningful technique to interpret whether this result is practi-
cally meaningful is to compare the effect of a one standard deviation
increase in Technological Opportunities across states with high and
low levels, respectively, of local attention to clean energy. In a state
with low levels of Local Attention (defined as a state with zero articles
addressing clean energy) a one standard deviation increase in
Technological Opportunities (that is, an increase of 35 clean energy
patents) would be associated with three additional VC investments in
entrepreneurial clean energy technology firms. However, the same, one
standard deviation increase in Technological Opportunities is substan-
tially stronger in states with high levels of local attention. Defining a
high level of Local Attention as 558 articles on clean energy (i.e.
roughly the 90th percentile level of Local Attention for the sample), a
one standard deviation increase in Technological Opportunities, would
lead to more than four additional instances of CETE. In other words,
the effect of Technological Opportunities is 33% stronger in states
where there is more extensive local attention to clean energy issues.
Taken together, the results reported in Column 3 provide statistical
support for Hypothesis 3 while also demonstrating that this effect is
practically meaningful.

Hypothesis 4 implies that more extensive local attention to clean
energy will also strengthen the positive effect of Market Opportunities
on CETE. Results of empirical testing of Hypothesis 4 are reported in
Column 4 of Table 2. Here, the coefficient on the interaction term

between Market Opportunities and Local Attention (Market
Opportunities×Local Attention) is positive and statistically significant
(coefficient estimate=6.299, significance level p < 0.01). The moderat-
ing effect of Local Attention onMarket Opportunities is also practically
meaningful. In a state at the sample mean level of local attention to
clean energy (215 articles), the adoption of an RPS has essentially no
effect on increased clean energy technology entrepreneurship.
However, in a state where local attention to clean energy is strong
(i.e. a state with 558 articles, again roughly the 90th percentile level of
clean energy articles for the sample) the adoption of an RPS would be
predicted to produce an additional two entrepreneurial firms in the
state. Compared to the sample mean level of CETE of 1.4 new clean
energy technology firms annually per state, an increase of two firms
would constitute a practically meaningful increase in CETE.
Accordingly, the results reported in Column 4 of Table 2 indicate
support for Hypothesis 4.

Column 5 of Table 2 reports results for empirical tests of
Hypothesis 5. Here, the coefficient estimate for the interaction term
representing the moderating effect of CEB Viability on Technological
Opportunities (CEB Viability×Technological Opportunities) is positive
and statistically significant (coefficient estimate=0.010, significance
level p < 0.05). Whether this result is practically meaningful can again
be interpreted by examining the effect of a one standard deviation
increase in Technological Opportunities on Clean Energy Technology
Entrepreneurship in states with high and low levels of CEB Viability.
In a state with low CEB Viability (defined as zero mergers, acquisitions
and IPOs involving clean energy firms based in the state) a one
standard deviation increase in Technological Opportunities (again an
increase of 35 patents) is associated with less than six additional
instances of CETE. By contrast, the same (35 patent) increase is
associated with nearly 7 additional cases of CETE in states with high
levels of CEB Viability (defined as three mergers, acquisitions and
IPOs, approximately the 90th percentile of the distribution for CEB
Viability). These results indicate that the positive effect of technological
opportunities on CETE is stronger (roughly 17% stronger in the above
example) in those states where CEB Viability is more firmly estab-
lished, in line with Hypothesis 5.

Hypothesis 6 is not supported. The interaction term representing
the moderating effect of CEB Viability on Market Opportunities (CEB
Viability×Market Opportunities), reported in Column 6 of Table 2, is
not statistically significant at commonly accepted levels (coefficient
estimate=0.6817, significance level p=0.480). Thus empirical tests
provide no evidence that the effect of market opportunities is stronger
in locations where the viability of clean energy businesses is more
clearly apparent.

5. Conclusions and policy implications

This study examined how the external environment in which
entrepreneurs operate influences clean energy technology entrepre-
neurship. Empirical investigation of entrepreneurial firms developing
clean energy technologies in US states revealed that more extensive
technological opportunities, measured as local clean energy technology
patenting activity, increased clean energy technology entrepreneurship.
This positive effect was magnified in states where attention to clean
energy, measured as the number of local print media articles addres-
sing clean energy, was more substantial and where there were more
successful local firms commercializing clean energy technologies, that
is, local firms that underwent acquisition or held an IPO. Market
opportunities, in the form of a state-level renewable portfolio standard,
also promoted CETE, but only where the local environment was
attentive to clean energy issues.

These findings build upon and extend prior research into clean
energy technology entrepreneurship. Previous studies have emphasized
the importance of social forces in the local environment in promoting
the establishment of clean energy businesses, such as green building
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developers or wind farm operators (e.g. Sine and Lee, 2009; York and
Lenox, 2013). The present study provides evidence about the extent to
which such social forces drive local attention to clean energy issues that
become the focus of local media discussion. By documenting evidence
that local priorities motivate clean energy technology entrepreneurship
specifically, as opposed less technologically oriented clean energy
entrepreneurship generally, the present study contributes to this
stream of research by refining the domain of entrepreneurial research
with respect to clean energy. This study documents the importance of
socioeconomic factors as well, namely the role that success among local
clean energy technology firms plays in encouraging CETE. Such
demonstrable instances of commercial success are particularly impor-
tant in the context of CETE, given the extensive business and
technological risks involved in creating such markets.

The study's findings contribute to research on the role of policies
that promote technology development and market creation in support-
ing innovation. Researchers generally agree that “technology push” and
“market pull” are both necessary elements of technological advance-
ment (Bonaccorsi and Thoma, 2007; Dosi and Nelson, 2010; Mowery
and Rosenberg, 1979). Both are critical in the context of diffusing clean
energy technologies that must compete with fossil fuel-based alter-
natives that do not fully internalize the costs of the harmful environ-
mental externalities they generate. In various political jurisdictions,
government policies have helped to create market conditions that
incentivize the development of clean energy technologies (Burer and
Wustenhagen, 2009). Government policies have also promoted the
development of scientific knowledge upon which such technologies are
based (Jaffe et al., 2005; Johnstone et al., 2010). Nonetheless, results
of such policy initiatives have not at all times and in all places lived up
to expectations (Marcus et al., 2011). Our results provide a possible
explanation for why. Attention must be paid to the role entrepreneurs
play in connecting technologies to markets and bringing about their
adoption and not only on the provision of subsidies for clean energy
technology R&D and the creation of market incentives such as feed-in-
tariffs (Ardichvili et al., 2003; Schumpeter, 1934). For new energy
technologies to gain widespread acceptance and adoption, CETE is
needed in response to government action (Teece, 2010; Van de Ven
et al., 1999).

To the extent that CETE poses a constraint on the effectiveness of
policy instruments, results of the study hold implications for govern-
ment officials. We found that an RPS does not, by itself, precipitate
increased CETE. It also requires favorable conditions in the external
environment, specifically substantial local attention to clean energy.
Similarly, we found that the effect of government induced technological
opportunities in promoting CETE was stronger when local attention to
clean energy was more pronounced and there were more successful
local clean energy startups. The implication is that governments
concerned with promoting the adoption and diffusion of clean energy
technologies should consider how the external entrepreneurial context,
specifically local attention to clean energy and successful local clean
energy startups, stimulate clean energy entrepreneurial activity.

Policy makers interested in encouraging the incorporation of
cutting edge clean energy technologies into new products and services
are likely to be more effective if they can bolster these conditions that
support local clean energy technology entrepreneurship in addition to
providing a supportive policy environment. If local conditions are not
sufficiently supportive, the best policies that government officials
devise to create new clean energy opportunities are unlikely to realize
their full potential. Directing efforts toward enhancing the external
environment by increasing the amount of attention devoted to clean
energy and encouraging clean energy startup success therefore are
important complementary activities for governments to carry out in
order to promote the diffusion of novel clean energy technologies.

Governments can focus on generating the publicity needed to create
clean energy awareness as this aspect of the external environment is
one they can productively influence. While it is difficult for public

officials to promote the success of specific local businesses, generating
public interest in clean energy through active public relations cam-
paigns that, for example, land articles in newspapers is a task
governments can reasonably carry out. Promoting media attention to
clean energy is a role that is often not adequately considered in the
policy recommendations on what it takes to build new business clusters
of entrepreneurial firms. By contrast, tax credits and economic tools or
coercive command and control policies tend to get the most mention.
Our findings therefore are important in that they highlight this crucial
role that the government can play in building awareness through active
public relations efforts that improve the context in which entrepre-
neurial activity in clean energy is played out.

The fact that policy works in conjunction with a supportive external
environment is important to policy makers for another reason.
Generating public support for new policies that promote clean energy
remains a challenge. To justify the costs of such policies and to
overcome opposition from the purveyors of conventional energy is
not easy. Public officials often tout jobs and economic development
(Anadon, 2012). Results of this study provide some empirical support
for such contentions by demonstrating the importance of policy
initiatives in promoting the emergence of new clean energy technology
firms. The emergence of such firms can support local economic growth
as well as the development of industrial clusters based on clean energy
(Pitelis, 2012; Spencer et al., 2010). However, our study suggests that
new clean energy technology firms are unlikely to emerge in locations
where government does not promote the development of technology
and market opportunities with supportive policy. Neither of the study's
external contextual variables (CEB Viability and Local Attention) were
statistically significant in terms of their direct effects on CETE. That is,
a supportive external context does not, by itself, support CETE.
Government policy is also necessary. In this light, results of this study
highlight the role of policy in creating local economic “wins” that are
essential to maintaining public support for government action promot-
ing clean energy.

This study also has implications for potential entrepreneurs con-
sidering establishing new businesses focused on development of new
products and services incorporating clean energy technologies.
Understanding the combinatorial effects of policy support for clean
energy and a munificent local entrepreneurial context can guide
potential entrepreneurs as to where new industries and industrial
clusters based around clean energy technology are likely to emerge.
Knowing where jurisdictional advantages for the location of business
activities may lie is advantageous for prospective entrepreneurs
(Feldman and Martin, 2005). Such advantages are even more pro-
nounced for firms in emerging industries, such as those based on clean
energy technologies, that are more fragile as a result of their inherent
newness (Aldrich and Fiol, 1994).

The evidence documented in this study suggests that the entrepre-
neurial pursuit of clean energy technology development is contingent
upon both the presence of government induced opportunities and
supportive external conditions. Should the opportunities dry up, the
local population lose interest in clean energy, or newly established
firms run into headwinds from an increasingly challenging business
environment, the desire among potential entrepreneurs to turn oppor-
tunities into viable clean energy businesses will recede. Thus, policy
makers face difficult challenges beyond simply providing support for
technology development or market creation (Wustenhagen and Bilharz,
2006). While the adoption of these policies constitutes a critical first
step, it also is necessary to maintain public interest in clean technology
businesses and to reinforce this interest through the encouragement of
entrepreneurial success.
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