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Abstract

In this paper, we carry out a literature review of the studies investigating the factors that affect the performance and growth of
clean technology start-up firms. The importance of clean-tech start-ups lies in their mission to protect the environment by
facilitating the increased use of clean energy and environmentally friendly solutions. At the same time, the entrepreneurial nature
of many of these firms enables introduction of radical innovations necessary for making breakthroughs in the industries of
renewable energy and environmental technology that in turn are essential for the industry development. Given their significance,
there are surprisingly few studies with the focus on the factors affecting the growth of clean-tech start-ups. Our search in leading
management, entrepreneurship and energy journals has yielded a total of 13 articles, almost all of which focus on such external
factors as policies. We argue that this gives us an incomplete picture of the factors enabling a clean-tech firm’s development. As
clean-tech firms are a subset of the population of new technology-based firms (NTBFs), we draw on the literature dealing with
the factors that promote growth of NTBFs in order to build our framework for structuring the results. The analysis uncovers what
future research areas can be pursued in order to gain a more balanced understanding of what enables the development of a clean-
tech start-up. We suggest that in addition to the macro-studies of policies and regulations, future research needs to examine the
individual and firm-specific factors, e.g. characteristics of the clean-tech entrepreneurs, teams, governance mechanisms and
network structures. Furthermore, the existing focus on the environmental and innovative performance of clean-tech start-ups
should be complemented by examining the alternative firm outcomes related to e.g. financial performance, social identity,
alliance portfolio and internationalization.
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1. Introduction

In recent years there has been a growing interest in the debate regarding climate changes, specifically human-
induced changes. Companies, and their investments in green technology, will therefore play an important role in the
upcoming climate cleanup fight [1]. However, the extent to which the existing research addresses the real
environmental innovators is limited. This is surprising given the dependence on firms that are able to provide radical
innovations to sufficiently solve the problems [2]. Innovative companies are important facilitators of green strategies
that average firms are enforced to use to gain sustainable development, for example, an increased use of energy
generated from renewable sources or a more environmentally friendly handling of wastes. The companies providing
such technologies group together in the clean-tech industry. In this paper we adopt the definition of a "clean tech" by
Pernick and Wilder [3]. A clean-tech firm delivers any product, service, or process that delivers value using limited
or zero nonrenewable resources and/or creates significantly less waste than conventional offerings. Clean-tech
companies help to protect the environment by facilitating the increased use of clean energy and environmentally
friendly solutions [4]. A wide variety of technologies fall into this industry ranging from solar, wind and hydropower
to biofuels, green transportation and green buildings.

We specifically focus on entrepreneurial clean-tech firms that exploit technological knowledge to create new
technical solutions. Given the importance of such firms in shaping the clean technologies of the future, the aim of the
paper is to review the literature dealing with clean-tech firms to shed light into what factors affect their growth. This,
in turn, should improve our understanding of how to sustain the life of these companies that are expected to
contribute to increased technological and environmental impact of the clean-tech industry. As early-stage
entrepreneurial clean-tech firms are a subgroup of new technology-based firms (NTBFs), we also draw on the
literature which addresses the factors affecting the NTBF’s growth and performance. Thus, we contribute to the
research on clean technology and renewable energy by showing what factors influence the growth of entrepreneurial
clean-tech firms. Additionally, we identify promising future research directions to further develop this research
stream.

This paper is structured as follows. In section 2 we outline our theoretical framework for structuring the results
and subsequent discussion. Section 3 describes the methodology used in this literature review. In section 4 we
present the descriptive findings. Section 5 contains the discussion of the findings and suggestions for future research
followed by the final section with conclusions.

2. Theoretical framework

We choose to build our study upon a theoretical framework that is intended to aid in structuring the results of our
literature review and subsequent discussion. The factors that promote new technology-based firm growth can
roughly be divided into three categories: individual, firm-specific and external factors [5]. Individual factors relate to
the personality, skills and competences of the entrepreneur or entrepreneurial team. Firm-specific factors cover a
range of factors specific to the firm entity including the financial and human resources of the firm, its network and
its strategic choices etc. The external factors comprise all industry-wide or nation-wide factors, such as
environmental organizations, national policies and the general availability of financing. All of these factors are
shown to be important for the growth of NTBFs [5-11].

3. Methodology

The aim of this study is to systematically review the growing research on clean-tech start-up companies in major
business, management and entrepreneurship journals. First, we searched for articles in the ISI Web of Science
database, which covers a wide range of leading journals. The search criteria was a combination of three terms
‘growth’, ‘drivers’, ‘firm performance’ with the following key words: new technology based firms, high-tech firms,
clean-tech firms, renewable energy, green tech firms, SME, sustainable entrepreneurship, environmental technology,
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eco-innovation. Also, it had to be an article within either business or management. For instance, growth AND clean-
tech firm* AND article AND business. In total this search has returned a set of 1.720 articles.

Next, we chose to limit the search to fifteen leading journals within management, business and entrepreneurship
studies [4]: Academy of Management Journal, Academy of Management Review, Administrative Science Quarterly,
American Economic Review, Entrepreneurship Theory and Practice, Industrial and Corporate Change, Journal of
Business Venturing, Journal of Technology Transfer, Management Science, Organization Science, R & D
Management, Research Policy, Small Business Economics, Strategic Management Journal, and Technovation. The
second search has yielded a total of 492 articles. These articles were added to the database and gone through
systematically to decide their relevance for this study. Each article's abstract was read. As a result, 393 articles
turned out to be irrelevant, while only 13 articles were highly relevant addressing the clean-tech firm issues. The
remaining 86 articles were included in our review because they dealt with the growth factors in NTBFs in general.

To assure full coverage, we have also searched for the articles in the Energy Policy journal and used a snow-ball
method, i.e. checked the references in the articles identified in the previous step. The articles that seemed relevant
focused on the policies to support environmentally friendly technologies rather than factors facilitating growth of the
firms developing these technologies. As such, the final result was still 13 clean-tech studies.

From the articles we have recorded the following information: authors’ names, journal, theory, country, industry,
research question(s), data, dependent variable(s), independent variable(s), control variable(s), method, key findings
and proposed future research. The table is available upon request to the authors.

4. Descriptive findings

This section presents the descriptive findings of our literature review. Figure 1 shows the distribution of the
clean-tech firm articles across leading management, business and entrepreneurship journals with the majority of the
articles published in the Research Policy. Figure 2 shows the increasing research interest in this topic. Ten articles
are empirical, while three are conceptual.

The majority of research focuses on American companies. The "worldwide" category also includes American
companies. We did not find any studies that examine the development of the clean-tech industry in emerging
regions, such as China, Japan, Africa or South America, even though there is wide acceptance that these regions,
China in particular, are becoming increasingly important for the clean-tech industry as a whole [1,3].

In terms of the power industry, the two largest groups are aggregated focusing on the clean-tech- and renewable
energy technologies/industries as a whole, rather than focusing on specific technologies and their development.
These are followed by the solar and wind power industries that are the two largest clean-tech industries if one
excludes hydropower [1].
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4.1. Individual factors

While eleven articles examine the effect of at least one external variable on the firm, only one article incorporates
the effect of individual characteristics of entrepreneurs. Even in this article the primary focus is on firm-specific
factors, whereas the background of the entrepreneurs is controlled for [12].

4.2. Firm-specific factors

Three articles in this category investigate the impact of firm partners and networks on a firm’s performance,
either financial or environmental [13-15]. The study by Lettice et al. [12] finds that higher levels of commercial risk
seem to increase the chance of receiving research funding.

4.3. External factors

External factors have been most widely studied. This concerns especially the use of policies and regulations in
order to enhance the competitiveness of firms in the clean-tech industry. The authors suggest what policies can
facilitate the fastest possible rate of adoption of clean technologies [16-18]. Seven studies focus on policies, and
their general findings are that current policies have a strong potential to improve a clean-tech firm’s growth and
performance.[15,19]. Nevertheless, the negative effects of strong regulations and policy dependency are also
evaluated, including their effect on firm innovativeness and on the capability and willingness to supply radical
innovations [2,13,20]. As such, policies seem to be a two-edged blade; on the one hand they are essential for making
clean technologies economically viable [19], on the other hand there is a risk of diverting firms’ focus from the
radical innovations necessary to aid our battle against the climate changes [2].

As to policies supportive of firm growth, Tsoutsos and Stamboulis [19] suggest that three factors are especially
important in this regard: learning processes across the value chain, cooperation within the industry and flexible
financing mechanisms. York and Venkataraman [21] emphasize the importance of entrepreneurial firms in bringing
about the necessary environmentally benign changes, and suggest this will be best achieved if the entrepreneurs are
incentivized to focus on ethically motivated, environmentally superior innovations.

Other external factors were also examined. Eyraud et al. [1] explores a long range of external factors and their
influence on the rate of "green investments". Walsh [22] investigates what external country-specific factors affect
the commercialization of renewable energy innovations. Meek et al. [23] study whether social norms of a society
have an effect on the creation of new clean-tech enterprises, while Sine and Lee [24] examines the effect of social
movement organizations on the creation of market opportunities and the stimulation of entrepreneurial activity.

5. Discussion and suggestions for future research

In this section we discuss the findings of our literature review. To enrich the discussion we draw on the literature
about the factors affecting the growth of new technology-based firms on the individual, firm and external levels
accordingly. We further suggest future research avenues (including the discussion of the firm growth and theories)
that are interesting to pursue and that would hopefully be helpful in developing future research on clean-tech
entrepreneurial firms.

5.1. Individual factors

We found virtually no studies that examine individual characteristics of the founding entrepreneurs and how they
may affect the performance and growth of a clean-tech start-up. A distinctive feature of the clean-tech industry is
that it is highly regulated by various policies [19]. Hence, we can assume that founders or managers with former
political experience may be better able to affect the political agenda and interpret political decisions, and thus give
their firms a competitive advantage.

Specifically, future research into clean-tech start-ups could build on the findings for NTBFs, e.g. that the activity
and involvement of the firm’s management, including the board of directors, strongly influences its growth [25]. An
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interesting research question could focus on how the clean-tech management team and board work together to
achieve growth. Often clean-tech businesses have been founded not only to exploit a market potential, but also to aid
in developing a new technology which can potentially save the world from climate changes [26]. As such, another
future research avenue is to explore the incentives that drive managers and board members to establish clean-tech
businesses. Similarly, the reasons why a public fund and a venture capital fund invest in a company might be
fundamentally different. While the venture capitalist may aim at achieving financial gains, the public institution
representative may be more interested in the creation of local (community) growth and employment. It could be
interesting to see whether such diverging interests create tensions that inhibit clean-tech venture growth or serve as
catalysts for fruitful strategy discussions in the boardroom.

5.2. Firm-specific factors

Few studies have examined firm-specific factors. The results show varying effects of partnerships and networks
on a firm’s bottom line [13-14], as such, contradicting previous research on NTBFs, where a strong relationship has
mainly been found between a firm’s networks and its performance [9-10]. This makes it an interesting aspect, which
deserves more research attention.

Beyond the studies on networks, we know extremely little about the influence of firm-specific factors on the
growth of clean-tech start-ups. The fact that the clean-tech sector is still a sector with limited profitability which
depends on government incentives [27] might suggest that the positive effect of available financial capital on a
NTBF’s growth will also hold for clean-tech firms. Furthermore, Maine et al. [28] find that being located in a cluster
or science park is beneficial for biotech firms. Such effect can be expected to be positive also for clean-tech start-
ups, but needs empirical testing.

Similar to the research on individual factors, there are a number of firm-specific factors that have been found to
influence NTBF growth positively. Testing these factors in a clean-tech setting may therefore bring valuable
contributions to the field. For example, due to distinct nature of the clean-tech industry, both on the demand side and
related to policies and regulations, the strategic landscape of clean-tech firms may differ significantly from that of
other firms [19,27]. One might therefore expect that clean-tech start-ups should focus more on such strategic aspects
e.g. gathering political influence. Studies analysing the effects of firm’s strategic orientation, location, financial and
human capital, etc. could broaden our knowledge about this topic.

5.3. External factors

External factors are relatively well studied in current clean-tech literature. Policies have received greatest
attention, including their positive influence on creating the necessary demand for clean technology [15,19] and their
potentially negative effect on clean-tech firm innovativeness [2,13,20]. One factor that has not been considered yet
is the availability of venture capital. In the NTBF literature it has been established that venture capital financing has
a strong positive effect on a firm’s growth [11]. As the clean-tech industry is very capital intensive [1], one might
expect this positive effect to be even stronger for clean-tech start-ups. Biirer & Wiistenhagen [29] show that
investors perceive feed-in tariffs to be the most effective renewable energy policy, and that the overall preference for
feed-in tariffs is even more pronounced among investors based in Europe (versus US) and with higher exposure to
clean energy (e.g. more experience). Similar survey among the clean-tech firms being invested in or searching for
venture capital funding is an exciting future research direction.

5.4. The growth of the firm

Current clean-tech studies have predominantly measured growth and performance in terms of innovative or
environmental performance [2, 20]. A large proportion of entrepreneurial clean-tech firms are founded because of a
desire of the entrepreneur to help protect the environment [26], and it is therefore reasonable to argue for the use of
environmental measures of firm performance. However, Bennett [30] emphasizes the need for using financial and
other traditional business measures in addition to environmental measures, because of the fact that, as the author
says, if one wants to save the planet, one can’t do it without making a profit.
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A potential compromise may be the “triple bottom line” [13-14]. The triple bottom line refers to a concept where
the traditional financial bottom line of a company — that is the financial profit — is supplemented by two additional
“bottom lines”, one measuring the company's social responsibility and one measuring the company's environmental
responsibility [31]. Overall, no measure of growth is perfect, and one needs to use a combination of measures to
fully explain the firm growth as phenomenon [32]. Consequently, other relevant firm performance measures could
be developing an international alliance portfolio [33], reaching international sales [34] coupled with the social
identity of the founder (social entrepreneur) [40]. Most recent research on growth calls for studies on how the firms
grow rather than how much [32].

5.5. Theoretical and methodological considerations

We found that the studies were primarily empirical, and this calls for a theoretical development of the field.
There are several theories that could be drawn upon. One such theory is the resource-based view, which has been a
popular theory for evaluating business action for several decades [35-37]. The resource-based view focuses on the
resources of the firm, and how these can lay the basis for a sustainable competitive advantage. This view could be
fruitfully applied to clean-tech start-ups. One could investigate, for instance, whether obtaining truly inimitable and
non-substitutable resources, and thereby sustainable advantage is possible and necessary in the rapidly changing
clean-tech industry, and to which degree these advantages can be exploited to achieve firm growth.

Another interesting theoretical perspective to build upon could be the internationalization of clean-tech start-ups.
The international potential for delivering clean technology is huge and growing [1,15] and it would thus be
interesting to evaluate which theories of internationalization will hold for clean-tech start-ups. Specifically one
might expect companies in older, more established industries, such as the hydropower industry, to internationalize in
a stage-wise way, similar to that described in the Uppsala model [38,39]. However, with younger and more
revolutionary industries, such as solar photovoltaics or tidal energy, the nature of the industry might lead new firms
to behave more like International New Ventures, where the entire world is considered as the firm’s potential market
from early on in the firm's development [34]. Exploring these theories in a clean-tech setting could offer new
knowledge about various ways that different clean-tech firms may internationalize and the factors that facilitate
firm’s internationalization.

As to methodologies, we call for a multi-level analysis of individual, firm-specific and external factors as well as
cross-country comparisons to gain a more balanced understanding of what enables the development of a clean-tech
start-up.

6. Conclusion

We have reviewed the literature dealing with factors affecting the growth of clean-tech firms. While we found
many studies focusing primarily on policies that support the development of clean-tech industry and growth of
clean-tech firms, we found very few studies that consider the characteristics of the founders (managers) and the firm
itself. We contribute to the research on clean-tech and renewable energy by showing what factors affect and may be
expected to affect the growth of entrepreneurial clean-tech firms as well as what future research directions can be
pursued to further develop this research stream.
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