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Abstract.
The paper analyse the cleantech investments in Denmark. The paper speculates why
Denmark on the one hand has well-developed technological and industrial strongholds in
cleantech but on the other hand have relatively little venture capital available for cleantech investments in this particular segment. International investors account for all the
growth in the investments. This indicates that the immature venture capital industry in
Denmark, rather than the industrial opportunities, causes the hesitations by investors. The
research asks if the characteristics, prospects and drivers of the evolution of the industry
is compatible with the venture capital model? Related, the dynamics in how venture capital transfer into or emerge in new industries is dealt with, something scarcely researched.
It is found that growth in venture capital investments in this area is hindered by the lack of
success stories and –exits. Also that it takes time for the venture capital market to not
only spot, but also to exploit emerging opportunities. In addition to financial capital also
the human capital in venture capital markets is responding slowly to new market opportunities. It takes competences and networks to invest in a specific industry and the number
of entrepreneurs and managers from the industry who have left a company and wants to
become investor is limited. This, in turn, has implications for the possibilities to attract financial capital to venture capital funds with a cleantech profile. The back-funding institutions like pension funds etc. are very conscious about the importance of the competences
and industry experiences of managers of new funds. Finally, a large public funding of the
technological development related to the Danish industrial strongholds within cleantech
may contribute to explaining why venture capital investments have been sparse. The
strong industrial base of start-ups within the industry may have limited the demand for external competencies of technologies, market and industry from investors; these were already present in the firms. The paper points to the necessity to establish public-private
funding partnerships.
Keywords: venture capital, cleantech, industry dynamics
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1. Introduction
When Aldrich and Fiol published their influential paper on industry creation, ‘Fools rush
in? The institutional context of industry creation’ (1994) the primary focus was on the hindrances to industry evolution stemming from lack of legitimacy, which may prevent key
stakeholders from understanding the nature and potentials of the new types of ventures.
This adds to ‘normal’ constraints for industry evolution such as uncertainty related to new
markets, capital constraints, untrained employees etc. Precisely the legitimacy may in this
case, cleantech investments, be in place at a macro level of aggregation; it is widely recognized that such investments are needed and render societal value. It may be questioned, though, if the same holds on a micro level. Do investors and funds-of-funds institutions regard cleantech investments as hype and beyond the scope of a purely for profit
investment strategy?
There is growing interest in the clean-tech market. Despite this interest there is sparse
knowledge on the growth patterns and prospects for this sector. This paper is focused
upon the investment processes and –levels in the sector and focuses upon, but is not
confined to, venture capital investments. One justification for this focus is the role venture
capital has had in stimulating and disseminating technologies in emergent sectors.
The pace of investment in clean-tech companies has in the past decade accelerated, and
the market is seeing its first successful initial public offerings and mergers and acquisitions. Until the burst of the IT-bubble the ICT industry was attracting the majority of venture capital investments. Later biotech/life sciences became popular investment targets.
The development of the ICT market and long time horizons in biotech investments have
led investors to look for other opportunities. The cleantech industry is an obvious candidate for being a future hot spot for venture capital investments. Already now it is the 3rd
largest venture investment target in the US as well as in several other countries, including
Denmark (The Danish Growth Fund, 2009).
The question is if the present trend in investments into the clean-tech industry is just another ‘hype’, maybe even a case of herding behaviour of venture capitalists? In a broader
perspective an additional two more general research questions are underlining the research – what are the investment criteria of venture capitalists and secondly, how does
venture capital expand into new industries. Whereas a number of even early papers addressed the investment criteria of venture capital firms (Tyebjee and Bruno, 1984, MacMillan, 1985, 1987, Hall and Hofer, 1993) the dynamics in how venture capital transfer
into or emerge in new industries is scarcely researched.
Denmark has had a long tradition for investments into environmentally friendly technologies, but has until now not succeeded to the same extent as in several other countries to
attract notable private capital to the cleantech industry. The paper is mapping the investments and assesses prospects for the future development of the industry in Denmark.
The paper also speculates why Denmark on the one hand has well-developed techno-
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logical and industrial strongholds in cleantech and well-developed markets for innovation
finance (ranked 3rd in Europe after the UK and Sweden according to The Danish Growth
Fund and European Venture Capital Association) but on the other hand have relatively
little venture capital available for cleantech investments.
The clean-tech industry not only covers a wide range of different sub-industries it also
seems to target very different markets and across countries display rather different patterns. It is of particular interest to both investors and policy makers alike if industries in a
country or region develop outstanding competences and market shares. Danish strongholds such as air pollution, filters and catalysts and enzymes have substantial world market shares. A mapping of these strongholds is important to an assessment of prospects for
the industry. In a small country there is a narrow limit to how far the specialization of venture capital firms can go in terms of geographical and industry focus. Despite efforts in regions of Denmark to develop cleantech production the question remains if the investment
community is ready to follow or if recent trends in financial markets impose conservatism
rather than hype. Following this the research asks what are the characteristics, prospects
and drivers of the evolution of the industry and whether this is compatible with the venture
capital model? Furthermore, as mentioned above, why the Danish cleantech industry
seem to have difficulties attracting venture capital funding despite apparently attractive investment opportunities?
The paper proceeds as follows. Section 2 takes a view on world wide developments in
cleantech investments and single out in section three important segments and Danish
sub-industry strongholds in this. The next section discusses how investments trigger industrial structural change and how and why some industries attract investments rather
than others. Section 5 looks into how venture capital may spur industry development. before concluding in section 7 section 6 discusses important investment criteria used by
venture capitalists and relate this general issue to the specific cleantech case.

2. The development of investments into the cleantech industry
Both from a societal point of view and from commercial investors there is now growing
interest in what has been denoted the cleantech market. Despite this interest little remains in terms of research and high quality knowledge on the growth patterns and prospects for this sector.
Whereas a number of definitions are around of what may broadly be termed environmental technologies, there seems to be more consensus around the term “cleantechnology” to embrace knowledge-based products and services that optimize the use of
natural resources while reducing ecological impact and adding economic value through
lowered costs or improved profitability. Such technologies range from alternative forms
of energy generation to smart materials and water purification systems. The concept extends beyond environmental technologies that historically dealt more with end-of thepipe solutions to regulatory requirements than with front-end products that address
market needs. Whereas ‘clean energy’ is limited to alternative and renewable energy
technologies, cleantech encompasses this but also the entirety of innovations that cre-
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ate economic gains without ecological losses. Many studies make a distinction between
energy on the one hand and on the other environmental technologies. Others group the
industry into four; energy, water, waste/recycling and others such as filters, enzymes,
insulation materials etc. The organisation ‘Cleantech’ defines cleantech as products,
services and processes intended to ‘Provide superior performance at lower costs, while
greatly reducing or eliminating negative ecological impact, at the same time as improving the productive and responsible use of natural resources’
(http://cleantech.com/about/cleantechdefinition.cfm). They furthermore list a number of
sub-industries specifying further what is included in this industry. These are reproduced
in Annex 1. Related concepts include ‘Environmental Technology’ used by e.g. Eurostat
and OECD as technologies that ‘produce goods and services to measure, prevent, limit,
minimise, or correct environmental damage to water, air and soil, as well as problems
related to waste, noise and ecosystems. Also ‘Eco-innovations’ is often used. According
to Fundetec (2008) this is ‘new production processes, new products or services, new
management and business methods, all of whose use or implementation is likely to prevent or substantially reduce the environmental risk, pollution or other negative impacts
upon resource use throughout the life-cycle of related activities’ (p.21).
Historically venture investors have not been interested in the environmental sector. An
industry with heavy regulatory impact is generally not considered interesting in the emergent phase. If bad for many things the burst of the IT bobble in 1999-2000 may have stimulated investor interests for other areas, one of them the cleantech industry. In terms of
the size of the cleantech market this has been estimated to at least $ 200 billion (FujiKeizai, 2008). According to Cleantech Group and Clean Edge the water- and waste segments are each around 75 billion $, energy 45 billion $ and others less than 10 billion.
The broader energy market is much larger and is projected to grow substantially in the
near future. In the estimate above only cleantech energy (bio fuel, wind, solar energy as
the three large ones, fuel cells a small fraction of those) is included. Likewise, only parts
of water and waste are included. From 2000-02 the venture investments in environmental
technologies increased by 50%, but remained on a relatively low level of 1% of total venture investments. Whereas there was a decrease in the investment level after 2002 the
figures from 2006-07 increased again. The bulk of the increase is accounted for by increases in energy sector investments.
There are substantial differences among countries. Denmark has had a long tradition for
investments into environmentally friendly technologies, especially government monies,
but has until now not succeeded to the same extent as in several other countries to attract
notable private capital to the industry. In the US there is now, and in the past few years, a
trend in the market of increasing focus from both public and private investors. Israel has
seen substantial investments in this industry in spite of the natural endowments not being
in favour of many of the cleantech industries. Israeli venture capital has been known for
being heavily geared towards technology investments and has substantial government
influence. Chinese investments into this industry are now boosting. Cleantech investment
in China increased 147 percent between 2005 and 2006 and has subsequently continued
rapid growth. Cleantech ranked as the third largest category for venture capital investment in China, behind only information technology and communications.Moreover, it is
projected that the environmental impact of rapid Chinese industrialisation is likely to be
intolerable if not cleantechnologies are developed and used.
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The cleantech industry is likely to increase and also to make up a substantial contribution to the overall economy. Already now, several countries benefit from a relatively
large industry as displayed in figure 1. For example, around 3% (7 bill. USD) of Danish
GDP stems from investments (of all kinds, not only venture capital investments) in this
industry. The average growth rates 1999-2004 were 20%.
Figure 1. Turnover per capita, 2004, by sectors, recycling, waste, water, air.

Source: EU-Commission 2006.
For venture capital firms the overall growth of the markets is important to their assessment of deals. The size also is important because venture capital firms are looking for investment proposals that are scalable or represent front-end technologies that may render
revenues based on licensing. Moreover, they value industry specific networks that are
more easily developed in large markets. Finally, they need a critical mass of investment
opportunities, which is not necessarily there in narrow technologies. However, it is still
important that venture capital go into potential niches where countries or regions may develop front-end competences and industrial strongholds.
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3. Strongholds – attracting investments and policy interest
It is of particular interest to both investors and policy makers alike if industries in a country or region develop outstanding competences and market shares. Emerging technologies seem to entail the most frequent examples of such competences, and cleantech is
no exception.
In Denmark a number of strongholds have emerged, many of which originate from regulation. Wind mill subsidies have been instrumental in the development of this industry in
Denmark, now making up one of the largest export industries in Denmark. Other important regulatory drivers are the Law on Environmental protection from 1982, a number of
water environment action plans, limitations on use of chemicals and pesticides and regulation of waste. Danish strongholds in this industry include also air pollution, filters and
catalysts, originated from inventions in the university sector in the 1980s (figure 2).
Figure 2. Revenues from equipment for limiting air pollution as pct. of GDP.
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Another stronghold is within enzymes with 60% of world production. Also waste water
cleaning, fuel cells, recycling, bio mass, and wind are important Danish strongholds.
Many of these strongholds were stimulated by government funded research. It may thus
be concluded that both the political interest and the funding for development of these
technologies were present. From the patent statistics it is evident that the Danish industry in cleantech and renewal energies broadly has been successful also in taking the
technologies to a commercialization stage (OECD, 2008).

4. A segmented industry?
The cleantech industry not only covers a wide range of different sub-industries. It also
seems to be targeting very different markets and across countries and regions display rather different patterns. According to the Danish Growth Fund (2008) the geographical dis-
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tribution shows that Copenhagen has around half the cleantech firms, roughly corresponding to the share of firms in general. The Danish Growth Fund (2008) estimate that
there are at least 120 cleantech firms in Denmark.
Across industries different investment preferences in different countries may be observed
although in Denmark there seems to be an equal distribution of the firms on segments
(The Danish Growth Fund, 2008). In the US waste treatment and water is preferred, although water is only beginning to catch up with waste treatment (VentureSource, 200 ).
Differences may be explained by specific, local factors such as debate in Califonia about
difficulties in getting enough clean drinking water and regulatory changes in Europe about
chemicals.
The trend is towards still more investments in the energy segment. One explanation may
be the liberalization, another may be the increases in prices and subsequent interests in
alternative energy sources. It may, though, be anticipated that we will see a rising investor
involvement in areas beyond the currently popular energy-tech segment, such as water
purification, transportation and logistics, agriculture and nutrition and clean industrial technologies.
In Denmark the growth by sub-industries show clear differences among sub-areas. The
high growth in energy is consistent with the general trend. ‘Others’ cover industrial biotech,
among others.
Figure 3: Growth rates 2006-2007 for Denmark in employees (blue bar) and revenues by
sub-industries (Waste, Energy, Water, Others).
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Source: Vækstfonden, 2008 and BusinessView.
Despite these different properties of the sub-industries, there are some common denominators, which may indicate the opportunities of this industry. The technological development has both been early and taken to a commercialization stage, which has prompted
the development of industrial competences within existing firms as well as spin-offs from
research. In this setting public money, regulation and governance may contribute to establishing an innovation platform from which private (venture-) investments may develop
national or regional strongholds.
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As mentioned, in Europe the development has been more fluctuating and includes a
broader range of segments. In Denmark it is remarkable that investment activity has followed the general trend but with lighthouses of specific segments showing superior performance and market shares. This is particular appealing to venture capital investors and
should intuitively attract Danish venture capital investors. The investments into the industry has indeed increased. However, disaggregating the investments on type of investors it
is clear that the rise may be ascribed solely to foreign investors, as depicted in figure 4.
Figure 4: Cleantech investments by investor type.
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Source: Vækstfonden, 2008
Following this, it seems as if Danish investors have opportunities for investments that fit
the venture capital model, but are reluctant to excel in these investments. The question
remains why this may be so? A first explanation links to the previous discussion on
specialisation and competence building in financial institutions. This is discussed in depth
later in the paper; first we need an account of how venture capital may impact on the
emergence of industries.

5. Drivers of industrial and cleantech development
5.1 Emergent industries
A number of scholars have speculated how new industries emerges (e.g. Klepper and
Graddy, 1990). It is a key issue in studies of industrial dynamics. Historical, backwardlooking studies have provided us with context- and history specific evidence of how and
why certain industries and/or regions developed as they did. Some of these studies also
incorporate the role of venture capital (e.g. Saxenian, 1994). At the other end of the scale
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foresight models have tried to come up with scenarios for likely evolutions in technologies
and industries. It is beyond the scope of this paper to research industry evolution in
general, but a few general factors may be extracted that are relevant to the understanding
of the evolution of the cleantech industry and how it became attractive to venture capital
firms as an investment opportunity.
The first feature to highlight is – perhaps somewhat contradictory to the ambition above to
pinpoint general features – the chaotic and apparently random character of the evolution.
Some industries never develop beyond the industry-wannabe stage, some have been
important and stable industries for a hundred years. Some industries grow and thrive in
particular places, the same industries never really takes off in other regions. One among
many examples is the solar energy industry that a quarter of a century ago was the big
thing but lost development momentum. Now it is (again) seen as a prosperous investment
area. In a more general manner Klepper and Graddy, (1990) find differences in key
drivers of the evolution of industries, some of which are exogenous. The reason why the
US automotive industry is located in Detroit and the tire industry in Acron is not easily
explained by common, general factors.

5.2 Cleantech drivers
Likewise, the drivers of the specific, contemporary cleantech industry make up a range of
different factors. First, it is obvious that a number of environmental problems and
concerns call for new, more effective solutions both with respect to environment and
energy including supply concerns. The population and economic growth has rendered a
number of pressures on water, waste, climate change and related, consumption of limited
fossil fuel. Secondly, the huge fluctuation in prices of the latter is an important driver of
this part of the cleantech industry1. A third important driver is regulation. Virtually all
segments of the cleantech industry are subject to regulation. This goes way back in
history, for example there was waste management regulation in large cities such as
London more than 200 years back. The industrial stronghold of Danish windmill
production is often partly explained by a strong domestic incentive for consumers to
demand wind power because of a subsidy for this energy source. In the past few years
the energy market has undergone extensive deregulation, which has been seen as an
important driver for venture capital investment into this industry. Innovations have been
driven a large share of the evolution of the industry resulting in increased productivity
within the industry as well as introduction of a range of new products. This has lowered
prices for clean energy, and increased efficiency in environmentally friendly solutions –
waste management, soil and water cleaning, recycling etc.
Increasingly firms are actively seeking a ‘green’ image, and many firms today incorporate
environment protection, energy and carbon dioxin saving etc. in their CSR-policies. In
fact, within cleantech investments it is now clear that there is also what might be denoted
ESR – Entrepreneur Social Responsibility. A number of succesfull entrepreneurs have
now entered the industry not only with ideas for new businesses but also acting as
1

The oil crises in 1973 and 1979 likewise spurred a whole range of explorations of new types of production of energy.
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business angels supporting new ventures on the grounds of a wish to contribute to
socially beneficial achievements2. Other drivers of the industry evolution includes that
there is increased political pressure for sustainable development3 as well as consumer
demand for environmentally friendly products and production processes.
An enabling factor for industry development is the fact that the technologies involved are
usually not particularly sophisticated and expensive; rather there is a large element of
technology spillovers and adaptation from other industries4. As a result of the above
drivers of the industry many cleantech segments are fast growing and large markets,
something particular attractive to venture capital firms who typically are looking for scaleable, high-growth opportunities.

5.3 Is Venture capital a driven force in the evolution?
In this setting the venture capital firms in cleantech may be grouped into three. The first
group is those who are dedicated, specialised funds for cleantech or segments hereof;
there are a very limited number of these funds, for example there is currently no Danish
fund dedicated especially to cleantech. A second group is those who have diversified
parts of their activities into the cleantech industry, which is by far the majority. Finally,
there is a group of corporate venture capital funds that are dedicated to cleantech.
Even if supplying only a fraction of monies going into the technology sector, venture capital may have disproportionate catalyst effects. Venture capital firms may enhance a wave
of technological development that may challenge or re-direct the existing technological
trajectory. While the impact of venture capital firms may not be strong enough to actually
create new technological trajectories then they are important in catalyzing the commercialisation of newly developed technologies in their emerging phase. They are in this
sense part of the commercialisation and wider diffusion of the technologies developed.
“Given that a significant proportion of venture capital-backed companies are in
technology sectors, venture capital plays a direct and significant role in the process
of innovation and technology-based development in modern industrial economies”.
(Mason & Harrison, 1999, p.1).
The citation above illustrates the importance of venture capital in the innovation and entrepreneurial process. Even if venture capital overall is only financing a very small proportion of firms and hence may seem of neglectable importance, then venture capital may be
important for certain segments of firms (Valentin et al., 2008), in particular those in focus
here, cleantech firms. It may be argued that the venture community is at the forefront of
spurring this as a new cleantech industry, one that is closely connected to a new era of
environmental social responsibility.

2

A number (25) of examples are provided in Cooke (2009).
The instruments for reaching these ends may include regulation but may also be tradable permits, R&Dprogrammes, policy agreements and targets for e.g. reduction of carbon dioxide.
4
Danish numbers (The Danish Growth Fund, 2008) shows that in comparison with high-tech start-ups a relatively
large share of firms are started from an industrial base rather than as independent entrepreneurs.
3
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On the other hand, recent trends at the venture capital market show that venture capital
firms have focused on still larger companies and on second round financing of existing
portfolio companies rather than new investments. This indicates that the industry as a
whole has become more risk averse and is more reluctant to pursue new investments.
Indeed the traditional perception of venture capital as being particular risk takers has
been questioned. Thus, Zider (1998) claim that in an industry evolution perspective you
would see venture capital firms preferring to enter in the middle of the s-curve where the
initial turbulence and uncertainty has decreased.
This picture may be changed by reducing risks associated with new investments. The reduction of risk may be pursued by increasing competences through specialisation. This
may help reducing risk in the initial selection of investment opportunities and it may increase the quality of the post-investment monitoring and advising process. Additionally,
risk for ventures may be reduced by leveraging the networks of venture capitalists (Christensen, 2007, 2008). Therefore, many venture capital firms have specialized and this has
been a persistent trend. Even 20 years ago Bygrave (1987, pp.139-140) predicted that a
majority of venture capital firms are likely to increase specialisation. By way of the analogy of department stores and boutiques, he claimed that only very big venture capital
firms will be ‘stores’ able to invest in all types of companies. The bulk of venture capital
firms will be ‘boutiques’ investing in specific types of firms or geographical regions.
Despite this specialization of venture capital firms the gradual development of such fuccus areas is usuall taking place within or closely related to existing investment areas. It is
less often the case that funds are set up as green field funds without prior experiences in
the industry in question. Indeed, the experience so far also shows that this specialization
has not developed that far. Fundetec (2008) report that their research shows that very few
banks and other institutional investors has a desk for environmental technologies. It may,
though, be useful to go further into why and how investors may decide to invest in new
industries as it is less well understood how this transformation of attention from investors
takes place. To get closer to this, we need to go deeper into the assessment of investment opportunities made by venture capital firms as well as how they strategize with respect to the scale and scope of activities.

6. Ability and willingness to invest in new industries
6.1 Specialisation and competence building
It was indicated above that the degree of specialization of venture capital firms is closely
linked to the building up of competencies. The ability to assess investment proposals, and
especially to monitor and assist management ex post the investment decision, requires
the building up of skills, which in turn is stimulated by specializing in particular segments
of the market. The investments involved in building up such competencies are substantial, however. The total portfolio of the venture capital firm may entail less risk, achieved
through the risk reduction due to diversifying into a new segment such as cleantech. But a
net result is not easily calculated. Initial costs may be reduced over time when diversifying
into another area of investment many costs cannot be eliminated.
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In addition to the pure costs in diversifying into new investment areas there is a time perspective issue. You can make a woman give birth to a child in 9 months but you cannot
make 9 women give birth to a child in one month. Even in a completely different sphere
somewhat the same principle applies in venture capital diversification. The big issue is not
perhaps raising the funds. Rather it takes time to build up the networks necessary to assist decisions on screening investment opportunities, to monitor investments, and to secure a deal flow. Networks build up in another setting/industry are not easily transferred
as they are often sector specific. Likewise, the technologies are not understood in depth
by venture capital firms upon entering a new investment area. Although the contribution
from venture capital firms is not in assisting directly with technologies then on the other
hand venture capital firms and angels alike do want a basic understanding of the technologies involved. Again, this takes time to build. Finally, the majority of the venture capital industry is often not known to be a pioneer in the push for new technology and investment areas. A few lighthouses of the industry, together with successful exits, lead the way
in where the venture capital industry is going. It goes without saying that indeed the exits
require time to make up success stories. In this context the development of and maturing
but ‘thin’ venture capital markets like the Danish may be hindered by the fact that venture
capital funds have now prepared many of their portfolio companies for exit, however, the
financial crises has eroded the profitability or even possibility of existing in some cases.
Finally, back-funding institutions may be conservative even if venture capital firms may
recommend new opportunities.

6.2 Risks associated with cleantech investments
Moving to the level of the individual and looking into the decision making with respect to
investments into the cleantech industry, we need to look into the investment criteria
applied in venture capital.
Generally, the behavioural economic theories describe economic decision making, and
have informed some of the studies on investment criteria. Just as doubts has been raised
with respect to how rational, stage organized and planned venture capitalists decision
making processes really are (Zacharakis et al, 1998, 2001, Shepherd, 1999), it may be
questioned if decisions to invest in the cleantech industry are based on solid due diligence and forecasts or just expectations of further investor interest and rising share
prices of this particular type of firms. It may thus be argued that the growth in investment
pace into cleantech is perhaps based upon expectations that are not necessarily well
documented. A herding behaviour may prevail (Fundetec, 2008). In spite of this even
when the most thorough due diligence and information sourcing is applied, this cannot
reveal all uncertainties. But it is important to venture capitalists to know about what uncertainties remain.
For the initial screening and the subsequent monitoring venture capitalists need
information on the uncertainty related to the prospects of the firm. This entails uncertainty
that may be divided into two, the technical uncertainty and market uncertainty. The
sources of the technical uncertainty are mainly three.
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First, the magnitude and number of technical problems in the development process is
often difficult to predict. Even for technical production plans have been made beforehand,
new, and unforeseen problems often emerge during the production process. This is likely
to delay the process and make it more costly. In emerging technologies and industries
this may be reinforced due to lack of standardized ways of production, experimentations
etc.
Secondly, the design of a product or service often changes several times before the final
stage. The date of marketing the end-product is often unknown because of the above
unforeseen technical problems and related organizational and production line changes.
In cleantech a second-order such issue may be relevant. It is not only the case that
cleantech firms are producing products and solutions they also need to gear their own
production processes towards a ‘green’ profile. This is necessary in order to be credible in
their marketing of production or solutions.
Thirdly, exogenous changes may affect decisions to market and produce the product. In
effect, the costs and time perspective of an innovation project is difficult to predict and
most often underestimated. One of the most obvious examples relevant to cleantech is
the rapid and radical changes in energy prices, which may erode the relevance of new
innovations or change profitability and break-even of current innovations thus making
planning of new product development more difficult.
Market uncertainty originates from that the market value of the single end-product is
unknown both because time has passed from the launching of the project to the
completion (as also explained above re the energy prices example) and because users
are not accustomed to the new product and may not be willing to pay the calculated price.
Another source of uncertainty is about the development of competing and/or substituting
products.

6.3 Investment criteria
It may also be relevant to make clear that even if all investors assess the ability of firms to
survive and thrive (and above all pay back the loan) the investment criteria of venture
capital firms differ from those of banks and other financiers. An extensive amount of literature has evolved on credit-scoring and other models for aiding investment decision.
These may be useful when assessing loan applications in banks in relatively known industries, and in firms where collateral may be provided. Contrary, venture capital investments usually involves investments in firms with non-deployable assets as well as greater
uncertainties. This implies greater need for sensitivity analyses, and careful examination
of the value of the firm in an exit situation, rather than the cash flows. Another fundamental difference is that investments by traditional corporate financiers are done at a one-time
basis, whereas venture capital investments are multi-stage investments often undertaken
as either performance based milestone payments or options of re-investment specified at
the time of the initial investment and based upon the results from close post-investment
monitoring.
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The literature on how venture capitalists assess a deal proposal has researched this
issue by presenting a range of criteria to venture capital managers and asks them to rank
and group these. Naturally the resulting typologies vary somewhat between studies, but
they most often include the capabilities of the business management as one of the top
priorities. It is a general perception that this is by far the most important criteria5. Venture
capitalists place enormous importance to the human capital aspect of the investment
criteria. A trustworthy and competent business management team is key. A good
management team can turn a mediocre quality idea into a success, but a good idea with
a bad management team is likely to fail. There are, in other words, a number of risks
associated with the entrepreneurs themselves.
Whereas this is obvious and well researched on the micro level of aggregation it is in fact
also the case on an industry level. Zider (1998) claim that indeed the management is
decisive, but they are to be in the right industries, those that are growth industries and
have good exit options. Additionally, and as already mentioned, it takes time and effort to
build a competence base with experienced managers and subsequent possibilities for
syndication, exits, synergies among companies and network benefits. The possibilities for
mutual learning increases with industry mass.
The service or products and business model is also part of the due diligence. This
includes assessment of the IPR, threats from incumbents and entrants, sensitivity to
exogeneous events like regulation and changes in business cycles. Other important
investment criteria include an assessment of the market – the structure, access, growth. It
seems, though, as if assessing the industry, and in particular in cases of new industries,
is usually done by applying a base-line, which indicates a ‘normal’ state, and then
applications within certain industries may render a down-grading by their mere industry
area. This may not only be new industries such as cleantech but also industries that
historically have shown poor performance.
For venture capitalists these types of risks may also entail uncertainties not only related to
the sales of the products produced in their portfolio companies but the sales of the
portfolio companies themselves. The lack of history and success stories of cleantech exits
may be a hindrance to venture capital to enter this market in the first place and of course
likewise for the investments already done now. The biotech sector has not suffered from
this to the same extent because venture capital typically only takes biotech companies to
a certain stage and then exit (Zider, 1998). The risk of restricted exit routes varies over
time. The IPO option may e.g. be easily accessed in certain periods whereas the stock
market may turn ‘sour’ in other periods of time. Despite this, the potential exit route may
have an impact back to the way the business is run and exposed to the environment. IPO
and trade sales are different with respect to e.g. the necessary information and contacts,
exposure to potential buyers etcetera.
Specifically for investing in cleantech a number of issues are relevant to consider, some
of which are comparable to the literature on venture capital investment criteria referred to
above, and some that are specific to cleantech investments. The latter category includes,

5

See other investor criteria related to assessing cleantech companies e.g. in Fundetec (2008, p.78).
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broadly speaking, some additional risk factors other than those referred to earlier as technological and market risks.
For cleantech specifically the risks evaluated by venture capital firms may therefore entail
also whether the investments are suitable for the venture capital model partly described
above including whether they are sufficiently scale able and whether there is some
familiarity to previous or existing investment foci. Lack of such relatedness may be a real
hindrance to expansion by venture capital firms into the cleantech area. It was mentioned
above that regulation and the heavy policy governance and influence on price structures
is, if not incompatible with the venture capital model, then these factors are generally
disliked by venture capitalists. Other characteristics of cleantech investments may scare
venture capital away. In some segments, especially within energy, both the long time
horizon involved and the amount of capital needed for development is often substantial
and above what venture funds will be prepared to or able to pay. Because many
cleantech technologies are applications of existing technologies to new areas it is often
difficult to achieve IPR protection. This may also be of concern for venture capital firms.
On the other hand, quite a few patents are taking out in this industry, and Denmark
seems to be particular active in this. For example, OECD (2008) finds that Denmark is
dwarfing any other OECD country in patenting in renewable energy sources normalized
either by GDP or overall patenting activity. Related to the often limited radicality of the
technologies and innovations it is for venture capital often not attractive to go into these
types of investments; the risk-return metric does not match (Fundetec, 2008). This may
be particularly true if venture capital invest in later stages of the venture. On the other
hand, risks are often too large on immature and unproven technologies creating what is
sometimes referred to as a ‘valley of death’, where the business has developed beyond
the development stage and thus is no longer qualified for government finance, but on the
other hand is still too risky for private investors.

7. Discussion and conclusions
One of the most important barriers to growth in venture capital investments in this area is
undoubtedly the lack of success stories and –exits. Linking to the above about the evolution of where venture capital investors place their funds another major barrier is the fact
that it takes time for the venture capital market to not only spot, but also being able to exploit emerging opportunities. Both changes in the supply and demand for venture capital
is typically involving substantial inertia (Gompers and Lerner, 1999). This has to do with
the nature of the investee companies. These are typically long-term investments, and the
back-funding for venture capital is therefore secured for a long time period, often in the
form of a dedicated fund running for 10 years.
In addition to financial capital also the human capital in venture capital markets is responding slowly to new market opportunities. As it takes competences and networks to
invest in a specific industry it is only natural that it takes time to build such compentences
and that the number of entrepreneurs and managers from the industry who have left a
company and wants to become investor is limited. This, in turn, has implications for the
possibilities to attract financial capital to funds with this profile. The back-funding institu-

15

tions like pension funds etc. are very conscious about the importance of the competences
and industry experiences of managers of new funds. They recognize that not only the
abilities to screen potential deals, but also the value-added activities and competencies of
venture capital firms can influence performance in the long run. Cumming et al. (2005)
find that, in the Australian market, pension fund managers are paying attention to the extent and nature of value-added contributions from Venture capital firms when choosing to
allocate new capital to venture capital.
Venture capital has the image of being exceptionally prone to take risks and exploit new
opportunities. It may be questioned if venture capital is a key driver of the development
but some observers claim that venture capital is a critical factor in the commercialisation
of new research into viable businesses. According to this perception there should not be
any strong path dependencies in how venture capital is allocated on industries. In practise
considerable conservatism persist. Of course there are a number of fund managers who
take in new types of investment areas and maybe even have visions of expanding whole
new industries. However, the mix between these conservative venture capitalists and
their more visionary colleagues is probably difficult to influence and dependent upon a
number of factors. Moreover, there is likely to be an element of herding behaviour in venture capital. A few prominent players within the industry are setting the path to follow and
the rest is following.
The question remains why Danish venture capital markets are particular slow in excelling
investments; why the inertia referred to above is greater than elsewhere.The Danish case
showed remarkable strongholds in specific technologies and markets. Regulation, public
and semi-public research institutions and government funding were explanatory factors.
The high growth rates in an emergent market, and the fact that ICT and biotech did not
render general success for venture capital speaks in favour of venture capital investments
into Danish cleantech. However, international investors account for all the growth. This
indicates that the immature venture capital industry in Denmark, rather than the industrial
opportunities, causes the hesitations by investors. Intuitively the small size of the Danish
market may explain why venture capitalists refrain from operating in Denmark through
dedicated funds. However, the strongholds explained above and the option of exporting
technologies and know-how may be a counter-argument. The success story of the Danish
wind mill industry shows that it is possible to develop such industrial positions to global
successes in spite of seemingly relatively high costs of production and small domestic
market.
The fact that Denmark has seen a large public funding of the technological development
related to the now industrial strongholds within cleantech may contribute to explaining
why venture capital investments have been sparse. Also the strong industrial base of
start-ups within the industry may have limited the demand for external competencies of
technologies, market and industry from investors; these were already present in the firms.
Even if a demand was there investors would probably not be able to meet this demand as
there is currently an only limited investor competency in this industry. Included in this argument is that investors also have only limited industry specific networks. In the cleantech
industry networks may be particular important because b2b sales rather than b2c is the
rule, and this requires networks for penetrating new markets.
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The prospects of increased venture capital into the Danish cleantech industry may not be
very good, even if there is an obvious need for the industry itself and even if there is some
hype around it. One reason is that the exit possibilities are not yet transparent and well
used and could be expected to be further hampered by the current financial crises. Some
evidence indicate that the cleantech industry is more heavily hit by downswings than
other industries (Fundetec, 2008, p.69). Looking at the other end of the time spectrum –
the creation of venture capital funds – this may also be influenced by the financial crises.
The structure of most venture capital funds is a limited partnership with a number of fixedend funds usually confined to 10 years. This means that a fund manager will concentrate
investments in the very first years of the life of the fund leaving the remaining years to add
value, exit, raise new monies for the next 10 year period. This will not generate gaps in
the supply of finance if this takes place continuously. However, in periods of time such as
now, where the supply of funds-of-funds to venture capital is heavily constrained there is
a risk that gaps will appear in the future because the start of the pipeline may be hampered. On the other hand, the increasing focus upon the need to reduce emissions of
carbon-dioxin and other environmental problems may stimulate the public or publicprivate partnership investments into this industry. Public venture capital may, in the current situation, have a particularly important role to play in the market. When markets fail
and private capital is reluctant and/or withdrawing in some areas, then there is room for a
more proactive government6. The ‘hype’ has, or will be, cooled down due to the abovementioned reasons.
Research is sparse in this area as well as the availability of data. Future research may
expand on the role investors play in the evolution of the clentech industry. In particular,
the current financial crises may pose a problem for fulfilling policy ambitions unless all financial capital going into the industry should end up stemming from government sources.
Whereas this is not a problem in itself it may be questioned if that would dismantle the
capital from the industrial competence base necessary to complement the financial capital. Therefore, establishing public-private investor partnerships are immensely important
in the current situation. The environmental problems will continue to grow and the development of environmentally friendly solutions will be still more ‘big business’. In this setting
it is important to not only leave the funding to governments as diverse sets of competences are needed to select and nurture the businesses.

6

The mission of The Danish Growth Fund, which is a government funded venture capital institution, is to ‘step in
where other market participants are reluctant’.
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Annex 1
In terms of sectoral delimitations the following sub-industries may be included
herein and may be expected to entail firms and research organizations that comply
to the definition in the paper.
Cleantech sub industries
Materials
Nanomaterials, biomaterials, chemical, other
Agriculture & Nutrition
Natural pesticides, land management, aquaculture
Air & Environment
Cleanup/safety, emissions control, monitoring/compliance, trading and offsets
Energy Generation
Wind, solar, hydro/marine, biofuels, geothermal, others
Energy Infrastructure
Management, transmission
Energy Storage
Fuel cells, advanced batteries, hybrid systems
Energy Efficiency
Lighting, buildings, glass, other
Manufacturing/Industrial
Advanced packaging, monitoring and control, smart production
Recycling & Waste
Recycling, waste treatment
Transportation
Vehicles, logistics, structures, fuels
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