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WHAT IS “CLEANTECH"?

The cleantech industry encompasses a broad range of products and
services, from alternative energy generation to wastewater treatment to
more resource-efficient industrial processes. Although some of these
industries are very different, all share a common thread: they use new,
innovative technology to create products and services that compete
favorably on price and performance while reducing humankind’s impact
on the environment. To be considered “cleantech,” products and services
must:

e Optimize use of natural resources, offering a cleaner or less wasteful
alternative to traditional products and services;

e Have their genesis in an innovative or novel technology or application;

e Add economic value compared to traditional alternatives.

The ten cleantech categories, as defined by the Cleantech Venture
Network, are:
e Agriculture and Nutrition

e Air Quality

e Enabling Technologies (such as manufacturing process
technologies)

e Energy-Tech (clean energy Generation, Storage, Efficiency and
Infrastructure)

e Environmental Information Technology (IT)
e Materials and Nanotechnology

e Materials Recovery & Recycling

e Manufacturing/Industrial

e Transportation & Logistics

e Water Purification & Management

Firms in these categories may not always market themselves specifically
as “cleantech,” and investors who place capital into these firms likewise
may not necessarily consider themselves to be “cleantech” investors. The
Cleantech Venture Network (www.cleantech.com) tracks the activity of
investors and entrepreneurs throughout the cleantech space and aggregates
that information to create a holistic picture of the industry.
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Technologies

Cleantech Example Technologies

Segment

Agriculture & Bio-based materials; farm efficiency technologies; micro-irrigation systems; bio-

Nutrition remediation; non-toxic cleaners and natural pesticides. Does not include organic,
health food or natural health products.

Air Quality Air purification products and air filtration systems, energy efficient HVAC;
universal gas detectors; multi-pollutant controls; fuel additives to increase
efficiency and reduce toxic emissions.

Enabling Optical components, reactor technologies, catalysts and membranes with

multiple applications; technology enabling the manufacture of nano-scale
compositions; distributed sensor network technologies.

Environmental
IT

Online exchanges for buying and selling resources; web-based software for
Environment Health & Safety management; online environmental record-
keeping; operations management software for utility companies; software-
enabled control systems for light emitting devices; wind source analysis and
weather forecasting services

Materials and
Nano-technology

Biodegradable materials derived from seed proteins; micro-fluidics technology
for conducting biochemical reactions; nano- materials; composite materials;
thermal regulating fibers and fabrics; environmentally-friendly solvents; nano-
technology components for electronics, sensor applications, and energy storage;
electro-chromic glass; thermoelectric materials

Energy

Energy Generation

Distributed and renewable energy generation and conversion (including fuel
cells, geothermal, wind and solar/photovoltaics); gasification technologies for
biomass; flywheel power systems

Energy Infrastructure

Wireless networks to utilities for advanced metering, power quality monitoring
and outage management; integrated electronic systems for the management of
distributed power; demand response and energy management software.

Energy Storage

Batteries e.g. thin film, rechargeable; power quality regulation; flywheels;
electro-textiles

Energy Efficiency

Energy management systems; systems that improve output of power generating
plants; intelligent metering; solid state micro-refrigeration; control technology
for HVAC systems; automated energy conservation networks.

Materials
Recovery &
Recycling

Recycling technologies; waste treatment; internet marketplace for materials;
hazardous waste remediation; bio-mimetic technology for advance metals
separation and extraction

Manufacturing/
Industrial

Advanced packaging; natural chemistry; sensors; smart construction materials;
business process and data flow mapping tools; precision manufacturing
instruments & fault detectors; chemical management services.

Transportation

Hybrid vehicle technology; lighter materials for cars; smart logistics software;

& Logistics car-sharing; temperature pressure sensors to improve transportation fuel
efficiency; telecommuting

Water Water recycling and ultra-filtration systems (e.g. UV membrane & ion exchange

Purification & systems); sensors and automation systems; water utility sub-metering technology

Management desalination equipment
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EXECUTIVE SUMMARY

This report finds that the cleantech industry can be a major driver for new
investment and job growth throughout the country.

Finding 1: Cleantech is a rapidly growing industry, with strong
fundamental drivers. As measured by investment, the cleantech
industry is large and growing: venture capital investment in U.S. cleantech
startups totaled $1.4 billion in 2005, tying it as the sixth largest investment
sector for venture capitalists. (Cleantech was fifth in Q4 2005.) An
additional $233 million of venture capital was invested in Canadian
cleantech companies over the same period. Across North America,
cleantech venture capital funding increased 43% in 2005 over 2004. Total
investment (government and private, including venture capital) in
renewable energy (the largest subset of cleantech) totaled $7 billion in
2004, the most recent year for which figures are available. Six long-term
trends are driving this growth, suggesting that we are witnessing only the
beginning of a decades-long expansion of the cleantech industry.

Finding 2: Cleantech is fast becoming a mainstream
investment category. In recent years, some of the largest companies in
the world have made significant investments in cleantech, including
General Electric, Goldman Sachs, J.P Morgan Chase, BP, and Shell. GE
expects to reap $2 billion in wind energy revenues this year, and expects
renewables to account for 25% of its energy infrastructure sales in five
years. Mainstream (traditionally non-cleantech) venture capital investors
such as Kleiner Perkins Caufield & Byers are also now committing
significant capital to cleantech. Large public pension funds such as
CalPERS and CalSTRS have invested nearly $450 million over the last
two years in cleantech private equity. And new project finance entities
such as Riverstone-Carlyle have created cleantech project finance
companies with resources of $500 million.

Finding 3: Two primary U.S. cleantech regions have formed in
California and the Northeast. A third cleantech region appears
to be emerging in the Midwest.

California continues to lead the nation in venture-backed cleantech
startups and cleantech venture capital received. But the Northeast, led by
Massachusetts, is not far behind, and a third major region appears to be
developing in the Midwest, which more than doubled its cleantech venture
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capital received in 2005. Increasingly, we see a diversification of
entrepreneurial and financing activity into new regions of the country,
with cleantech often accounting for over ten percent of venture capital
investment.

Finding 4: Cleantech investment can create thousands of new
jobs, improve energy security and human health, and promote
a cleaner environment.

Modeling by the authors (based on thirty years of data from the National
Venture Capital Association) suggests a simple rule of thumb: every $100
million of VC money invested could help spur the creation of 2,700 direct
jobs at venture-backed companies, many more indirect jobs, and $500
million in incremental annual revenue over the subsequent two decades,
while also benefiting the environment.* Additionally, investments in
renewable energy generation create more jobs per unit of capacity than
investments in traditional (non-renewable) energy projects. Investments in
renewables also reduce the nation’s reliance on expensive and often
imported fossil fuels, presenting an opportunity to substitute costly fuel
with high quality jobs, and redirect more of our energy spending towards
local economies.

Finding 5: Public policies are a critical driver of cleantech
growth. Cleantech investors overwhelmingly agree that public policy can
be an important driver for new job and investment growth:

¢ 91% of cleantech venture capitalists surveyed say that pro-environmental
public policy can be a driver in bringing new business and investment to
a state

¢ 79% of cleantech venture capitalists surveyed say that current public
policies (regulations, programs and incentives) are a prominent factor in
their investment decisions

Finding 6: State and local leaders have a host of policy options
to choose from as they encourage growth of cleantech
clusters. These include policies that make states or regions better direct
customers for cleantech products, those that drive indirect demand for
cleantech products and services, and economic development and education
initiatives that indirectly assist cleantech startups. The policies most
successful in building cleantech clusters are likely to be those that also
address pressing local problems such as air pollution, transportation, water
shortages, water pollution, toxics, and solid waste problems.

® Please see Appendix 2 for an explanation of the methodology used in this calculation.

10



Creating Cleantech Clusters: 2006 Update

CHAPTER 1

CLEANTECH: AN INDUSTRY
ON THE RISE

1.1 THE CLEANTECH INDUSTRY COMES INTO ITS OWN

Five years ago, “cleantech” could hardly be called an industry. At the first
Cleantech Venture Network Forum in 2002, 80 curious investors and
entrepreneurs convened in Toronto to seek a common platform from
which to discuss what they saw as the dawn of a potential revolution. Few
people outside of that group had ever heard the term “cleantech.”

Today, after a remarkable period of growth, the cleantech industry is
firmly planted on the country’s economic map. The North American
cleantech industry received $1.6 billion in venture capital in 2005, tying it
as the sixth largest recipient of venture capital investment.! The 68 public
companies in the Cleantech Capital Indices LLC Cleantech Index
(CTIUS) have an aggregate market capitalization of $115 billion.? In
renewable energy (the largest subset of cleantech), an estimated $30
billion of private and government capital was invested globally in projects,
installations, and companies in 2004, the latest year for which figures are
available.® An estimated $7 billion of that went into the U.S.* Private
investors in cleantech in the last year included some of the largest
corporations in the world: General Electric, Goldman Sachs, BP, Shell,
and Citigroup, to name a few.

In addition to the thousands of direct jobs created by this infusion of
capital, the cleantech industry has spawned its own corps of specialist
investors, bankers, hedge fund managers, analysts, lawyers, PR firms,
consultants, journalists, bloggers, and, of course, gadflies. The industry
has several prominent investor conferences, including the Cleantech
Venture Forum, the last of which drew over 500 attendees, the NREL
Industry Growth Forum and the Energy Venture Fair. And legislators from

11
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both sides of the aisle have begun to recognize the important economic,
environmental, social, and security benefits of a growing cleantech
industry.

In short, cleantech is emerging as the enabling technology of modern
industrial society - the next and necessary wave of innovation in a natural
resource constrained world. We firmly believe that the industry is still in
its infancy, and that we have only begun to tap cleantech’s potential to
create quality jobs, generate new wealth, improve our environment, and
protect our citizens from a variety of harms. A perfect storm of sorts is
brewing for the cleantech industry; six fundamental drivers have
combined in the last three years to spur the rapid growth of the industry.
All six are long-term drivers, suggesting that cleantech could enjoy
sustained growth for decades to come. Those drivers are:

1. Technological Advances. Materials and biological science
innovations, improvements in research and manufacturing
processes, and the rapidly falling cost, increasing power, and near
ubiquity of information technology (IT) are leading to
breakthroughs in clean products and services. The resulting
reductions in cost and advances in functionality have spurred
business and consumer demand for many of these green products.
Indeed, many purchasers choose cleantech products purely on their
economic merits.

2. High Energy Prices. Sustained high energy prices have catalyzed
interest in energy efficiency and alternative technologies, and
improved the relative economics of some cleantech offerings.

3. Global urbanization and corresponding environmental pressures.
Sometime this decade, for the first time in history, more people in
the world will live in cities than in rural areas. Between 2000 and
2030, the world’s urban population is expected to expand by more
than 2 billion people®, aggravating air pollution and public health
problems, and creating huge demands on municipalities to provide
clean air, clean water, energy, and other basic services. These
challenges create enormous potential markets for companies with
products that are cleaner, less resource intensive, or more energy
efficient.

4. U.S. National Policy Evolution. Increasingly, policy-makers at the
national and state level are recognizing that cleantech can be a
valuable asset in creating jobs, improving environmental
performance, and promoting national security and resource

12
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independence. For example, in his 2006 State of the Union
address, President Bush highlighted the U.S.’s addiction to foreign
oil, and called for major increases in spending for research and
development of alternative sources of energy. Local governments
are also supporting cleantech initiatives through public policy and
their own purchasing initiatives.

5. Global Policy Action. With the entry into force of the Kyoto
Protocol and European Trading Scheme (ETS) in February 2005,
the global cleantech industry received a powerful shot in the arm.
Mandatory caps on European greenhouse gas (GHG) emissions,
coupled with voluntary programs the world over, have spurred
significant R&D and project finance investments in low-carbon
technologies and related products, services, and markets.

6. Capital Markets Acceptance. In past years, cleantech and
environmental technologies were sometimes viewed as
“alternative” investments, suitable primarily for socially
responsible investors (SRIs). No longer. In the past two years,
some of the biggest and most respected names in the banking,
private equity, institutional, and corporate arenas have made
significant investments or commitments to cleantech businesses or
markets. All of these players forecast cleantech in some shape or
form to be one of the most important industries of the 21 century.

It is important to note that “cleantech” as it is defined here differs from
traditional environmental technologies such as air pollution control,
remediation, and hazardous waste management. These conventional
environmental technologies tend to be “end-of-pipe” add-ons to existing
businesses or systems — they are adopted primarily to clean up existing
problems and to comply with state or federal regulations. Cleantech
products and services, by contrast, are designed to prevent these problems
from occurring in the first place. Cleantech products are developed and
adopted primarily to meet an economic need; their environmental benefits
are a significant but secondary consequence. As such, while policy is an
important driver of cleantech growth, it is by no means the only driver.

On a similar note, at various times renewable energy technologies have
experienced periods of heightened interest, notably during and just after
the 1970s oil crisis, when a nascent solar industry was born. However, the
renewable energy technologies of that era never approached cost
competitiveness with conventional technologies, and once oil prices fell,
both policy support and interest in the sector waned. By contrast, many
cleantech products and services today do compete — and win — on cost

13
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versus conventional alternatives. Furthermore, the broad range and
sustained nature of the forces driving cleantech today suggest that the
industry’s growth will be far less susceptible to the attenuation of any
individual driver, such as energy prices or varying political winds.

1.2 CLEANTECH INVESTMENT TAKES OFF

Although it is difficult to assemble a comprehensive picture of the nation’s
total cleantech investment, by examining some specific sectors and asset
classes, we begin to get a sense of the rapid expansion of cleantech-related
investments and capital markets.

RENEWABLE ENERGY INVESTMENT

Renewable energy is just one piece of cleantech, but the investment
numbers for renewables alone are staggering. In 2004, roughly $30 billion
of private and government money was invested in renewable energy
worldwide, up from $7 billion in 1995.° This includes wind power, solar
photovoltaic (PV), small hydroelectric, solar water heating, and biofuels
such as ethanol and biodiesel. By comparison, $110-$150 billion was
invested in traditional (non-renewable) energy projects in 2004, meaning
that renewables now receive 20-25% of global energy investment. That
number is expected to rise rapidly in coming decades.’

Of the $30 billion invested in renewable energy projects, companies, and
technologies, about $7 billion was invested in the U.S., according to the
American Council on Renewable Energy.? U.S. federal and state
governments contributed an estimated $3 billion of that®, suggesting that
private capital accounted for the other $4 billion. Of that private capital, a
small but important piece - less than $400 million — was venture capital
money, a crucial seed for future industry growth.*

Analysis also suggests that renewables are turning into big business for
some U.S. corporations. General Electric (GE), which in 2002 bought
Enron’s wind business, now earns $2 billion per year from wind energy."*
GE forecasts that in five years, alternative energy projects will account for
a quarter of its energy equipment sales. GE’s Energy Financial Services
(EFS) group has around $1 billion in renewable energy projects in its
portfolio; renewables are reportedly now EFS’ fastest growing niche."

Other companies, including major banks, are also joining in. Goldman
Sachs acquired Zilkha Renewable Energy in 2005, and in November
pledged to invest $1 billion in renewable energy.*® Wells Fargo has
committed to provide $1 billion in lending, investments, and other
financial commitments to environmentally beneficial business, including

14
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renewable energy.* J.P. Morgan Chase says it will invest $250 million in
wind energy projects.”> And a host of other U.S. and foreign firms are
beginning to pour money into the space.

Cleantech Venture Capital Investment

Venture capital is a high-risk, high-return asset class, in which venture
capitalists (VCs) provide crucial funding to entrepreneurs in return for a
stake in their companies. Many of these “startup” companies are so young
they have no revenue or even products. For these startups, venture capital
serves as a fuel for economic growth. But for our purposes, venture
financing can also serve as a proxy for the promise of young industries.
Follow the venture money, and you are likely to find the industries poised
for exceptional growth.

(Except where noted, all the following figures on cleantech venture capital
are provided by Cleantech Venture Network.)

North American and U.S. Cleantech Venture Investment

In 2005, venture capitalists invested $1.6 billion in North American
cleantech companies (including clean energy-tech companies), an increase
of 43% from 2004. Of the $1.6 billion, $1.4 billion was invested in the
U.S., with the remaining $.2 billion going to Canadian companies.

Figure 1.1
Number of U.S. and Canadian Cleantech Venture Deals, and Amounts
Invested, by Year (2001 — 2005)

$1,800 300
246
$1,600
250
$1,400
205

$1,200 200
$1,000
150
$800

$US Million
Number of deals

$600 100
$400
50
$200

2001 2002 2003 2004 2005

Source: Cleantech Venture Network
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The $1.4 billion invested in U.S. companies amounted to 6.8% of total
U.S. venture capital investments in 2005, tying cleantech as the sixth
largest recipient of venture capital money in the United States, behind
Software, Biotech, Telecommunications, Medical Devices, and
Semiconductors, and ahead of IT Services, Media & Entertainment, and
Industrial & Energy. (Cleantech tied with Networking & Equipment.)*® In
the fourth quarter of 2005, cleantech pulled ahead of Semiconductors and
Networking & Equipment, and was virtually tied with
Telecommunications, accounting for just under 10% of overall U.S.
venture dollars.”’

Figure 1.2
Top 10 US Venture Capital Investment Industries, 2005
(Billions of dollars of 2005 VC Investment)

$5.0(54.76
$4.04]
$3.047
$2.1B $2.1B
$2.017 1 [ 3$8B
$1.0
Software Telecom Semi- Networking Media &
‘ ‘ conductors & Equipment Ent.

Biotech Meqlcal Cleantech IT. Industrial
Devices Services & Energy
Source: Cleantech Venture Network; PriceWaterhouseCoopers National Venture Capital Association Moneytree

U.S. Cleantech Investment by Sector

Within the U.S. cleantech industry, Energy-tech (Clean energy-related
Generation, Storage, and Efficiency technologies, and Infrastructure)
remained the largest recipient of venture money in 2005, receiving
$590MM, or 44% of U.S. cleantech venture capital invested. Materials &
Nanotechnology was second, receiving $264 million, or 20% of the
industry’s total. Manufacturing/Industrial, Enabling Technologies, and
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Water Technologies followed, receiving $108 million, $80 million, and
$71 million respectively.

Figure 1.3
U.S. Cleantech Venture Capital Investment by Segment, 2005
(Millions of dollars of 2005 VC Investment)

$59 $50 $41

Materials

Energy-tech | Manfacturing/ Transpor-
Industllj'iéll ’ Water Recovery tation
& Recycling
Materials Enabling Air Agriculture Environmental
& Nanotech Techs. Quality & Nutrition IT
Source: Cleantech Venture Network
U.S. Cleantech Investment by Region

Two primary U.S. The West Coast (California and
cleantech regions have Hawaii) once again led the nation in
formed, in California and | cleantech VC money received in 2005,
the Northeast. A third at $487 million (37% of the $1.4B U.S.
cleantech region total). California received $484 million
appears to be emerging and Hawaii received $3.5 million The
in the Midwest. Northeast region was second, receiving

$410 million (30% of the U.S. total).
The Midwest was third, with $190 million, followed by the Southeast
($121 million).
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(Appendix 1 lists, by state, 2005 cleantech VC investment and deals, and
the number of unique cleantech companies in each state receiving venture
capital funding between 2001 and 2005.)

Figure 1.4

U.S. Cleantech VC Investment by Region 2005
(Millions of dollars of 2005 cleantech VC investment)

$487MM

$410MM

$190MM

$12IMM g1 12Mm

West
Coast

North-
east

Mid-
west

Source: Cleantech Venture Network

Leading Cleantech VC Firms
Between 2002 and 2005, the top 10 most active VC investors in North
American cleantech companies (measured by number of deals) were, in

alphabetical order:'®

South-
East

South-
West

$17MM  $11MM

North-
West

Rockies/
Plains

Investor Location | Investor Focus
type

Altira Group LLC CO VC Part cleantech
Draper Fisher Jurvetson CA VC Not cleantech
EnerTech Capital PA VC Cleantech specialist
Harris & Harris Group NY VC Part cleantech
Hydro-Québec CapiTech | Quebec Corporate | Part cleantech
NGEN Partners LLC CA VC Cleantech specialist
Nth Power CA VC Cleantech specialist
OPG Ventures Ontario Corporate | Cleantech specialist
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Perseus LLC NY,DC |VC Part cleantech

Rockport Capital Partners | MA VC Cleantech specialist

Source: Cleantech Venture Network

As is evident, a number of these established venture capitalists specialize
in cleantech. A number of new firms have also recently raised cleantech-
specialized funds. Just as importantly, though, in the last year many of the
largest and most established Silicon Valley VC firms, such as Draper
Fisher Jurvetson, Kleiner Perkins Caufield & Byers, U.S. Venture
Partners, and Vantage Point Venture Partners have pledged significant
investments for the cleantech industry. In many cases these are the same
firms that funded the biotech, software, and Internet revolutions. At this
point it appears that investors are beginning to embrace cleantech the way
they did the software industry in the 1980s. It is a sign of the strong
economic promise of cleantech that leading venture capitalists from other
sectors are starting to place bets on the industry.

The Cleantech Venture Capital Outlook

A recent study by Cleantech Venture Network™ forecasts that between
2006 and 2009, $6.2B to $8.8B of VC money is likely to be invested in
North American cleantech startups. From a state’s perspective, this capital
—and the economic benefits that go with it — is up for grabs. No state or
region has a dominant position in any cleantech segment yet. And the
global pool of cleantech venture capital is not a zero-sum game —
promising companies will always attract new capital. But the seeds are
being laid now to determine which state’s companies will get the lion’s
share of investment, and which states will call the future leaders of the
cleantech industry their own. The states that can best woo entrepreneurs
and investors now will have a chance to create self-perpetuating cleantech
clusters that drive dynamic economic growth while also improving the
environment.
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CHAPTER 2

PoLICY + CLEANTECH +
FINANCE = JOB CREATION

2.1 SOWING THE SEEDS FOR JOB CREATION

Direct corporate investment, public equity, and project finance dwarf the
venture capital sums invested in cleantech. Compare, for instance, the
$590 million of venture capital invested in U.S. energy-tech companies in
2005, versus more than $6 billion in project finance, government money,
and other non-VC capital spent just on renewable energy.?

But when it comes to creating growth industries, all dollars are not created
equal. Project finance, corporate capital, and capital from the public
markets tend to follow early venture capital flows, often with a five to ten
year lag time. Put another way, venture capital “greases the skids” for the
eventual large investments that expand industries and create thousands of
new jobs. Furthermore, a higher proportion of venture capital money is
spent on payrolls — jobs — than, for instance, project finance, which is
often used to finance large capital infrastructure projects.

Therefore, step one for policy-makers, legislators, and economic
development executives who want to create jobs and economic growth
through cleantech clusters is to create a business environment that is
attractive to entrepreneurs and investors. Only by creating conditions in
which small companies and investors can thrive can states hope to enjoy
the fruits of high-tech industry expansion: high quality jobs, vibrant
communities, and a robust tax base.

20



Creating Cleantech Clusters: 2006 Update

2.2 VENTURE CAPITAL: A CATALYST FOR ECONOMIC
GROWTH

In the last thirty years, venture capital has been a catalytic force for some
of the biggest growth industries in the U.S. The personal computer,
biotechnology, software, Internet, and big box retail industries are just
some of those which trace their meteoric growth back to venture capital
funding. Notable companies that were backed by venture capital investors
include Microsoft, Intel, Federal Express, Apple, Palm Computer,
Amazon.com, Yahoo, Google, eBay, Sun Microsystems, Jet Blue, Amgen,
Genentech, The Home Depot, and Starbucks.?

The overall impact of venture capital on the American economy has been
huge: according to a 2004 study by Global Insight and the National
Venture Capital Association (NVCA)?, in 2003 companies backed by
venture capital directly accounted for 10.1 million jobs and contributed
$1.8 trillion annually to the U.S. GDP. The study also found that venture-
backed companies grew sales at almost twice the rate of non-venture-
backed companies, and invested twice as much proportionately in R&D.
An earlier Global Insight/NVCA report® found that venture-backed
companies generate almost twice the exports and pay almost three times as
many taxes as non-venture-backed companies per every $1,000 in assets.
And European studies have shown that venture-backed companies have
higher rates of innovation and generate more productivity from their R&D
expenditures.? Perhaps most importantly, venture-backed companies
create jobs at a faster rate than non-venture-backed companies.*?®

Venture capital is more than just a fuel for growth, however. It is also a
leading indicator of economic and technological innovation. For VCs to
make their investment model work, they must keep their proverbial ears to
the ground for cutting edge technology that can reshape an industry. As a
result, when the venture capital community gets excited about an industry,
there’s a good chance it’s about to take off. An encouraging sign for
policy-makers, entrepreneurs, and environmentalists is that in the last
several years, many VCs have identified cleantech as one of the most
promising new investment categories.

2.3 SUBSTITUTING JOBS FOR FUEL

A recent study by Daniel Kammen, Kamal Kapadia, and Matthias Fripp of
the University of California at Berkeley found that “the renewable energy
sector generates more jobs per megawatt of power installed, per unit of
energy produced, and per dollar of investment, than the fossil-fuel-based
energy sector.”?’ Kammen et. al. found that a wind power installation
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employs up to 2.8 times as many people over its lifespan as a coal or gas-
fired power plant for the same energy output, when counting all phases of
the supply and production process. A solar photovoltaic installation
employs seven to eleven times the people for the same energy output. The
net result: transitioning 20% of the U.S.’s electricity generation to
renewable sources by 2020 would result in 101,000-157,000 more
American jobs than relying solely on coal and natural gas-fired electricity.

While the labor costs may consequently be higher for every megawatt of
renewable power than in traditional fossil-based power plants, because
there are no fuel costs for most renewables, they often compete on cost
with traditional power sources while providing many more jobs. In short,
clean energy allows us to substitute fuel with jobs, a vision that every
American can rally behind.

In another encouraging finding, the Renewable Energy Policy Project
(REPP) concluded that the U.S. states that have lost the most traditional
manufacturing jobs in recent years are those best positioned to capture the
new manufacturing jobs that will be needed as the wind energy industry
expands. In other words, the cleantech industry could help offset the
deterioration of the traditional U.S. manufacturing base, precisely where
those jobs are most needed.?

Jobs in cleantech startups also tend to be high-quality, high-paying jobs.
Just like in the biotech, PC, and software booms, the first hundred
employees in most cleantech startups are likely to be primarily engineers,
physicists, chemists, biologists, programmers, and designers. Just as in
earlier booms, we are already seeing well-educated, high-earning-potential
workers moving to areas with burgeoning cleantech industries.
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How VENTURE CAPITAL WORKS

Venture capital is both a fuel for entrepreneurial activity and a
measure of it. Venture capitalists, or VCs, make money by investing
very early in the development of promising companies, often before
those companies have revenues. VCs try to pick startups that have
the potential to be “game-changing” — in other words, those that can
revolutionize an industry or create an entirely new one. As a result,
VCs are like an early warning system for new industries — other
investors and corporate decision-makers often watch venture
capitalists to identify hot new technologies and companies.

By investing at an early stage, VCs buy into their “portfolio
companies” at low valuations. They then work with them to help
them grow and prosper. Most VCs aim to “exit” (sell their stake) in
three to eight years, hopefully at a much higher valuation when the
company goes public or is acquired. VCs typically invest a few
million dollars in a company and hope to earn returns that are five,
ten, or twenty times higher than what they invested. Of course, not
every startup succeeds; the majority of venture-backed companies
go out of business or only break even. But when a company does hit
it big, investors stand to make returns far above those available in
other asset classes.

By investing in companies that are too risky for most banks to
lend to, and too small to attract other institutional investors, VCs help
foster the growth of new industries and companies that might not
otherwise receive funding. And by bringing industry-specific
expertise and management to their portfolio companies, VCs can
help guide startups to enormous growth.

2.4 A CALIFORNIA CASE STUDY: CREATING JOBS THROUGH
VENTURE CAPITAL INVESTMENT

Because venture capital is such a powerful catalyst for growth, a relatively
small amount of it can eventually translate into big economic growth.
California, one of the leaders in the cleantech revolution, provides a useful
case study. In an earlier E2 report”®, using more than thirty years of data
from the National Venture Capital Association®’, we constructed several
scenarios of what a California cleantech cluster could mean for the state’s
economy. These scenarios estimated the jobs and revenues that could
eventually be created by venture-backed cleantech startups, based on the
amount of venture capital flowing into the state.” (See Appendix 2 for a
description of the methodology used in the job creation scenarios.)

® These calculations are demonstrative and wholly unscientific, and should not be viewed
as forecasts of the jobs and revenue likely to be created as a result of cleantech venture
capital investment. They are presented only to offer an “order of magnitude” assessment
of the economic activity that might be spurred by current and future venture capital
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Using updated numbers, we offer two new :
. A A quick rule of
scenarios for the sake of demonstration. On )
i tive side. if Californi . thumb: every $100
e conservative side, if California receives million in venture
§B3.1 billion in cleantech venture capital capital funding
investments between 2006 and 2010 could help spur
(reflecting modest funding growth for the creation of 2,700
industry and no gain in share for California direct jobs in
of the nation’s cleantech funding) the state venture-backed
could realize 48,000 new direct jobs from companies, $500
venture-backed companies over the next two million in annual
decades, and additional annual revenues of revenues over the
$10.8 billion. next two decades,
and many more
A more aggressive scenario assumes that indirect jobs.

U.S. venture capital funding of cleantech
grows at 20% per year starting in 2006, and that California increases its
share of U.S. cleantech funding from 36% to 40%. Under this scenario,
California would receive $4.8 billion in cleantech funding between 2005
and 2010, potentially spurring 75,000 direct jobs in venture-backed
companies over the next two decades, and $17.2 billion in incremental
annual revenue.

In addition to the economic impact, California would reap significant
environmental benefits from a healthy cleantech industry. Increasing use
of renewable energy sources avoids emissions of local and global
pollutants such as mercury, nitrogen oxides (NOXx) and greenhouse gases
like carbon dioxide, and reduces the environmental impact of resource
extraction. In non-energy sectors, cleantech products and services can
directly reduce energy demands, lessen pollution, and encourage local
businesses and consumers to purchase more environmentally sensitive
technologies. Deployment of cleantech can also boost the productivity of a
range of agricultural, manufacturing, and transport related industries by
reducing the use of scarce resources such as water or energy.

California is presented here as just one example of what venture capital
could mean for a state’s cleantech cluster. For policy-makers, the
important message is this: attracting venture capital now is one of the best
ways to create high-quality jobs over the long term. A quick rule of thumb
is that every $100 million in venture capital funding invested in startups

investments. Furthermore, these calculations rely on a host of assumptions (stated in
Appendix 2), which readers should carefully consider as they view the scenarios.
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could help spur the creation of 2,700 direct jobs at venture-backed
companies, and $500 million in annual revenues from those firms over the
next two decades.*

Clearly, venture capital is not the only factor at work here. Many other
types of financing — including, often, government support — are required to
help startup companies grow into major corporations that employ
thousands of people. And many venture-backed companies simply go out
of business before they can become large employers. But when venture-
backed companies do succeed, they can become powerful economic
engines for their host states, creating thousands of jobs and billions of
dollars in revenue in a short period.

2.5 PUTTING THE JOB CREATION SCENARIOS IN CONTEXT

In considering the job creation scenarios described above, four points bear
highlighting:

First, these numbers are only a partial accounting of the economic impact
of cleantech. Successful cleantech clusters benefit many companies, not
just those that are venture-backed. Additionally, technology clusters
support a broad range of support services, such as legal, marketing, real-
estate, and accounting, which tend to develop in close proximity to the
cluster, and which are not considered here.

Second, the range of results produced in the scenarios above — anywhere
from 48,000 to 75,000 jobs and from $11 billion to $17 billion in revenue
— underscores the leverage that decision-makers have in shaping how the
cleantech industry develops. It is not accurate to say that public-policy-
makers can directly make these scenarios a reality. However, there are
things governments can do to better attract cleantech startups, help them
prosper, and encourage private equity investment.

Third, it’s useful to view these investment scenarios in the context of
historical venture capital activity. Although $4.8 billion invested in
California cleantech companies through 2010 may sound large, it is not
big relative to past venture capital spending. At the market peak in 2000,
venture capitalists invested more than $100 billion in the U.S. in a single
year, most of it in Information Technology companies.* California
received $41 billion of that investment.*®

Finally, venture capital is perhaps the most mercurial of all capital. When

venture capitalists decide a sector is hot, investments can skyrocket in just
a few years. (Indeed, North American cleantech VC investment grew 43%
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from 2005 to 2004.3*) As a result, any state or municipality that succeeds
in spawning a cleantech cluster could see a rapid surge in cleantech
venture investing, driving significant job growth and economic activity in
a short period.

The mercurial nature of venture capital also has a downside, of course —
market cyclicality, economic conditions, and a host of other factors can
cause venture capital flows to contract quickly. For this reason, policy
makers must not depend entirely on venture capital to foster their
cleantech clusters. For burgeoning clusters, it is important that states and
regions implement thoughtful and consistent policies — backed by funding
— that can both allow startups to take advantage of investor interest in their
sector, but also provide support when fluctuations in private financing
occur.

The rest of this report is intended to identify current and emerging
cleantech clusters in the U.S., and provide concrete ideas for policy-
makers interested in helping their states develop cleantech clusters. In
approaching these issues, we have addressed three key questions:

1. How can states grow market demand for cleantech products
and services?

2. How can states attract and nurture cleantech startups within
their borders?

3. How can states better encourage cleantech private equity
investors to invest in those companies?
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CHAPTER 3

LEADING U.S. CLEANTECH
REGIONS AND CLUSTERS

3.1 THE BENEFITS OF CLUSTERS

For public policy-makers trying to create new economic growth, a
common strategy is to create conditions for the development of an
industry cluster. Harvard Business School professor Michael Porter
defines a cluster as “a concentration of companies and industries in a
geographic region that are inter-connected by the markets they serve and
the products they produce.”*

Well-known clusters include Silicon Valley, the mutual fund industry in
Boston, the textile cluster in the Carolinas, and the fashion shoe cluster in
Northern Italy. As Porter points out, new clusters often grow out of
established ones. For instance, the same resources that enabled Silicon
Valley’s high-tech cluster to develop — a great higher educational system,
entrepreneurial talent, expertise in advanced technologies, and access to
capital — have proven to be critical building blocks for creating a cleantech
cluster. Existing companies play a crucial role: technology and
management spin-outs from established high-tech companies frequently
spawn new cleantech businesses.

¢ In this report we distinguish between “clusters” and “regions” that receive cleantech
financing. Defining a cluster is more art than science, but at a minimum a cluster implies
a narrower — and geographically smaller - definition than a region. One useful (though
not absolute) criterion for defining a cluster is whether an employee can change jobs in
the same industry without selling their home. By that definition it appears that two
cleantech clusters are emerging in the U.S., one in California’s Bay Area, and one around
Boston (see below). However, although regions are not clusters, examining capital flows
into a region can suggest the emergence of potential clusters within that region.
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THE BENEFITS OF CLUSTERS

Companies in a cluster compete against one another, but they also
share key resources. By gathering together in one region,
companies foster communication and trust, leading to eventual
advantages in efficiency, effectiveness, flexibility, and the rate of
innovation. They share access to employees and suppliers, they
leverage the same specialized business services (lawyers,
accountants, banks, marketing, and so on), and they trade
information and technologies. This shared access, and the fierce
competition it engenders, provide cluster companies a leg up on
companies not in the cluster. Clusters spur new successful
companies, which perpetuate and upgrade the cluster, and so on.

High-tech clusters tend to form around academic institutions
that produce much of their technological raw material. For instance,
information technology (IT) startups Sybase, Ingres, lllustra, and
Inktomi were all founded on technology developed at the University
of California at Berkeley. Google’s founders are Stanford graduates.
Sun Microsystems was formed using technology developed at both
Berkeley and Stanford. All these companies were founded in
California and remain there today, employing thousands of people
as part of the state’s huge IT cluster.

Clusters create another important benefit for their companies —
a cluster puts a face on an industry, unifying often disparate
corporations into a coherent entity to which industry outsiders can
relate. Rattle off a list of high-tech companies, and many people
won't know half of them. Say “Silicon Valley,” and people know
immediately what you're talking about. This “face” is important — it
helps brand an industry, raises its profile, and helps investors,
entrepreneurs and consumers better understand the industry’s
significance.

The presence of a cluster may also reassure investors. As a
cluster of successful businesses in one industry emerges, investors
tend to gain confidence in placing money with new startups in that
sector. Where others have succeeded, and with available talent and
resources in close proximity, there is more reason to believe that the
risk inherent in any one company is manageable.

3.2 U.S. CLEANTECH REGIONS TODAY

In the U.S., two regions — California and the Northeast — currently attract
the majority of cleantech venture funding. A third region, the Midwest,
appears to be gaining ground. It seems likely that clusters will develop
within each of these regions. Indeed, two clusters already seem to be
forming — one in Northern California, and the other around Boston. Figure
3.1 shows the amount of cleantech venture capital invested by region in
2005.
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Figure 3.1
U.S. Cleantech Regions 2005
(Millions of dollars of 2005 cleantech VC Investment)
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Because venture capital flows vary from year to year, perhaps a better
measure of a region’s cleantech activity is the number of cleantech
startups based there. While not every good startup seeks venture money,
many of the most promising companies do. Figure 3.2 shows the total
number of unique cleantech companies receiving venture funding in each
region between 2001 and 2005. We cannot be sure that all of these
companies are still in business, nor that others haven’t chosen to keep their
financings undisclosed (in which case they would not be captured here).
Furthermore, some types of businesses are not suited for venture investing.
Nonetheless, this measure is a useful proxy for the high-quality, grass-
roots entrepreneurial activity of a region.
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Figure 3.2
Unique U.S. Cleantech Companies Receiving Venture Capital Funding,
by Region, 2001-2005 (Number of Companies)
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3.3 GROWTH AND SHARE CHANGE IN U.S. CLEANTECH
REGIONS

The West Coast (California and Hawaii) has long been the leading US
region for cleantech financing. Cleantech VVC funding continues to grow
rapidly there — 2005 VC funding to California increased 36% over 2004.
However, other regions, in particular the Northeast, Midwest, and
Southwest, have also seen rapid growth in cleantech funding in recent
years.

Across the United States, annual cleantech funding grew approximately
$400 million between 2003 and 2005, from just under one billion in 2003
to $1.4 billion in 2005. Figure 3.3 shows which regions captured that $400
million annual increase in funding. (It is worth noting that Canada has also
seen a rapid rise in cleantech venture funding received, from $87 million
in 2003, to $158 million in 2004, to $233 million in 2005. Given the fluid
economic border between the U.S. and Canada, policy-makers may want
to consider Canadian entrepreneurialism and venture capital flows as they
form new policy. Additionally, good examples of public policy programs
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aimed at cleantech can be found north of the border. Chapter 5 discusses
the Sustainable Development Technology Canada initiative.)

Figure 3.3

Increase in Annual U.S. Cleantech VC Funding, by Region, 2003-2005
(Millions of Dollars)
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As the graph illustrates, the Northeast garnered as much absolute growth
in cleantech funding as did the West Coast from 2003 to 2005. From a
“share” perspective, the Northeast and other regions actually gained
ground versus the West Coast. Figure 3.4 shows each region’s share of
U.S. cleantech funding for 2005. Figure 3.5 shows the change in share of
cleantech funding for e