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A lamp-cutter fi ts a bulb for a 

new electric streetlight. Although 

commonplace today, the fl edging 

electric technology was a “disruptive” 

technology when fi rst introduced, 

and as such was fi ercely resisted 

by the gas companies and lamp-

lighters of the day. 
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Thomas Edison reenacts the construction 

of his fi rst incandescent bulb, initially tested 

in 1879. His experiences and strategies for 

introducing electricity hold insights deeply 

relevant to those working today to introduce 

new clean energy technologies. Although 

higher-priced than the gas lighting of its 

day, electric lights offered attributes such 

as safety, theatricality and fl exibility 

that drove its early adoption.
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This report examines the role of public in-
vestment and technology innovation to 
build global clean energy markets. A shift 
to clean energy technology is needed to 
address growing environmental, econom-
ic and energy problems of the 21st centu-
ry. Clean Energy Group (CEG) invites inter-
ested parties to work together with us to 
meet these challenges.

Currently, efforts to achieve wide-scale im-
plementation of clean energy technolo-
gies face formidable barriers, including:

• Fragmented and immature markets
• Unorganized investment patterns
• Public credibility gaps
• Unreliable market estimates
• Regulatory uncertainties

While considerable, these market chal-
lenges are not unique. This report identi-
fi es innovative new strategies to address 
these challenges, drawing upon:

Historical parallels. Electrifi cation, as 
promoted by Thomas Edison, stands as the 
prototypical energy innovation and a clas-
sic battle between fl edgling upstart and 
powerful incumbent. His successful strate-
gy relied on mimicking existing technolo-
gies, promoting side-by-side investments 
and recognizing long transition time-
frames.

Contemporary business models. Busi-
ness scholars and strategists have a sophis-
ticated understanding of how to success-
fully introduce disruptive technologies. 
Applying these compelling theories to the 

R E P O R T  S U M M A R Y

clean energy challenge reveals the mislead-
ing emphasis on cost and resource scarcity; 
the importance of exploiting niche mar-
kets; and the ability of social networks to 
accelerate technological change.

Public sector investment. The public sec-
tor has played a critical role in the develop-
ment of infrastructure from railroads and 
the telegraph to highways and the inter-
net. Today, a new breed of public investors 
is targeting gaps and ineffi ciencies in the 
innovation chain and seeking collaboration 
with the private sector. Also, clean energy is 
a new driver of economic development, 
and a major investment opportunity.

Recommendations for moving forward.
This report describes a framework for mov-
ing forward based on these fi ndings. This 
framework proposes a domestic and inter-
national collaboration among public clean 
energy funds, project developers, venture 
funds and institutional investors to build 
global clean energy markets.  

We recommend increasing joint activity 
among these players in order to:

1. Develop global networks of clean 
energy practitioners

2. Understand processes of technology 
innovation for clean energy

3. Organize federal, state, international 
and private sector activities to create 
complementary and synergistic 
relationships

4. Create new public and private funding 
streams and investment vehicles
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Preface 
Innovation as Social Evolution

For every technological revolution, there 

are two stories: one unfolds on stage, the 

other in back. The on-stage stories celebrate 

the individuals and inventions that changed 

the world—how James Watt’s steam engine 

powered the industrial revolution; how 

Thomas Edison’s light bulb sparked the 

electric age; how Henry Ford’s mass pro-

duction built the modern world. These are 

the stories any schoolboy knows and yet 

they are, if not outright wrong, dangerous 

simplifi cations. The backstage stories, by 

contrast, reveal a more complex yet also 

more manageable process. In each case, 

the innovation process depended more on 

technological and social evolution rather 

than revolution and more on the actions   

of communities rather than individuals. 

CEG’s report demonstrates the value of 

recognizing this backstage process, and of 

fi nding in it the lessons for leading today’s 

clean energy revolution. As the authors 

point out, this revolution will come not 

from individual inventors but from the 

combined and coordinated efforts of scien-

tists, investors, and entrepreneurs working 

together to build new clean energy ventures 

capable of fi rst co-existing with, and ulti-

mately displacing, the existing energy  

infrastructure.

Andrew Hargadon

Associate Professor of Management

Director, Technology Management Program

Graduate School of Business

University of California, Davis
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Our energy future is not predetermined. A 
new generation of power plants exists—
plants that are cleaner, smaller, and can be 
located near the end-user. The social, fi nan-
cial and policy decisions we make today 
will determine if cleaner energy technolo-
gies, such as wind, solar and fuel cells, be-
come mainstream energy sources in the 
future. If they do, a revolution will occur 
that will be every bit as dramatic as the 
one credited to Thomas Edison over a cen-
tury ago.

His electrifi cation of society is the proto-
typical example of successful innovation. 
Electricity is now so pervasive and common-
place as to seem dull. Yet in Edison’s 
time, efforts to bring it to market were 
fi ercely contested by an entrenched gas 
industry that mobilized its political power 
and economic heft against his new venture. 

That technology transformation, like many 
others, contains lessons for the historic 
challenge of our time. In important ways, 
Edison’s market experiences reveal pat-
terns which we should expect clean energy 
technologies to follow. First, technology 
transitions are never as obvious beforehand 
as in hindsight. Second, history shows that 
these technology transitions take time, 
usually several decades. Third, they begin 
with a whisper, not a bang, by imitating 
existing technologies. 

We can expect that clean energy will face 
many of these same diffi culties, as well as 
the same opportunities for enormous so-
cial and environmental change. But this 
time, we know more about how to acceler-

I N T R O D U C T I O N

ate technological change and public agen-
cies have organized with missions to pro-
mote clean energy commercialization. 

New public clean energy funds, both in the 
United States and abroad, are working to 
accelerate the commercial application of 
low-carbon power technologies. By target-
ing the gaps between technology creation 
and real markets, the funds have become 
new models for public sector investment. 
Along with these public investment dollars, 
hundreds of billions of dollars of private 
capital also will be invested in the coming 
decades to upgrade and expand our energy 
infrastructure; already, private venture 
fi rms and pension funds have started to 
target clean energy for investment. 

To realize the full potential of clean energy, 
we must do more to coordinate these 
emerging forces. We need to concentrate 
strategically the best minds in business, 
fi nance and government to mobilize the 
capital needed in order to grow nascent 
clean power efforts to a global scale.

To succeed, we must understand the drivers 
behind technological innovation and align 
public investment with these trends. We 
need to act quickly, wisely and humbly. 
Through alliances in the United States and 
internationally, we have begun some of 
these initiatives. At this historic and critical 
juncture, Clean Energy Group invites you 
to join with us to meet these challenges 
with greater knowledge and strategic 
collaborations to promote the clean 
energy transition that is so important to 
our future.

In important ways,  

Edison’s market  

experience reveals  

patterns which we 

should expect clean 

energy technologies  

to follow.
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In order to leave a legacy for the next generation worthy 
of our abilities, we need to generate billions of dollars of new 
public and private investment in clean energy technologies. 
A key assumption of this report is that a more thoughtful 
and widespread engagement on innovation approaches and 
opportunities is needed to attract new capital to this sector.
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�
PA R A L L E L S  T O  P E A R L  S T R E E T

The Times’ observation about Edison’s new 
light bulb, read with over a century of 
hindsight, seems quite comical. Just the week 
before, Thomas Edison’s Pearl Street station 
had begun selling electricity to 25 build-
ings in New York City’s fi nancial district, 
illuminating 400 lights for 85 customers.1

From our modern vantage, where a lumen 
of electric light in the United States today 
costs less than 1/1,000th of Edison’s then 
new, high-priced electricity, there is a sense 
of inevitability that his technology would 
have exploded from this tiny base to 
become the life blood of our industrial 
economy.2

But in the 1880s, electric light was an un-
proven technology with many critics. In 
London, where Edison also opened a pow-
er station, the British House of Commons 
heard testimony that there was not “the 
slightest chance” that electricity could be 
“competing, in a general way, with gas.”3

The same cynicism greeted him in America. 
By the time Edison’s electric light was in-
troduced in the US, gas companies had 
sunk nearly $1.5 billion of capital invest-
ments into the plants and pipes which lit 
the nation’s homes and offi ces. For nearly 
fi fty years, gas lamps had been the light of 
choice, displacing candles and whale oil. 
The industry’s infl uence was inextricably 

Although optically the most successful light that has been Although optically the most successful light that has been �Although optically the most successful light that has been �presented in the long history of illumination, the incandescent presented in the long history of illumination, the incandescent 

system as yet promises not such fi nancial success as will 

lead to its general adoption.”

— NEW YORK TIMES, SEPTEMBER 10, 1882

Thomas A. Edison with his “Edison Effect” lamp. He made a 
shrewd and risky decision to introduce electricity by imitating  
a familiar technology—gas lighting. The success of his invention 
was not a foregone conclusion. Edison fought an extended 
contest in the market with the incumbent technologies, and  
his success depended in part on infl uential allies in the 
investment community, a lesson for clean energy practi-
tioners about the power of “innovation networks.”
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linked to the physical, economic and politi-
cal infrastructure of the city. Gas companies 
controlled exclusive rights to bury under-
ground lines. The street lamps were lit 
every night by a cadre of city employees. 
Each gas company was awarded an exclu-
sive service territory, and their handsome 
monopoly profi ts commanded strong in-
fl uence with the political machine of Tam-
many Hall.

Edison’s new venture was quickly set upon. 
The Mayor of New York fl atly rejected the 
fi rst application for an operating license. 
Only pressure from Edison’s backers, which 
included J.P. Morgan, was able to overturn 
the decision. The city aldermen next pro-
posed a fee of $1,000 per mile of copper 
wire and 3% of gross receipts. In contrast, 
gas companies were granted free access 
to install mains and paid only property tax-
es. With their major investments in infra-
structure long since recovered, the gas 
companies could comfortably charge their 
customers much less.4

It is odd to think that the most pervasive 
technological innovation of the last centu-
ry—electrifi cation—was widely derided as 
too expensive and attacked by the 
political and economic might of the en-
trenched gas industry. What is commonly 
perceived as a simple process of technolog-
ical progress advancing beyond an inferior 
product was, in fact, a classic battle be-
tween upstart and incumbent, which holds 
insights relevant in today’s markets.

A fi rst insight is revealed through Edison’s 
choice to introduce electricity incremen-
tally, fi rst as a source of lighting. The New 
York Times article notes that the incandes-
cent bulb could not compete with the cost 
of gas, a fact which “Mr. Edison has repeat-
edly acknowledged.” Edison saw a big mar-
ket for electricity to power motors and 
other devices, which would create demand 
over a longer period of the day. To gain 
market share and acceptance, Edison sold  
electric lighting at a loss that was subsidized 
by his more lucrative sales of electricity to 
power motors and new appliances.5 He 
shrewdly marketed electricity for light, but 
knew the larger markets would be the sale 
of power to the industrial engines of the 
future.

It is odd to think that 
the most pervasive 
technological innova-
tion of the last cen-
tury—electrifi cation—
was widely derided as 
too expensive and at-
tacked by the political 
and economic might 
of the entrenched 
gas industry.

Photo: Fuel Cell Energy

Distributed generation technologies, such as fuel cells, promise  
to deliver highly reliable power to end-use customers. As Edison’s 
innovation revolutionized the design of factories and homes, these 
new technologies can revolutionize the design and operation of  
our current centrally distributed power infrastructure.
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A second insight has to do with the likely 
pace of technology adoption—the great 
electric transformation took decades to 
complete. By 1900, nearly twenty years 
after the opening of the Pearl Street Sta-
tion, electric lights were found in less than 
3% of US homes6 and electric motors made 
up less than 5% of the nation’s industrial 
power.7 Because fi rms were reluctant to 
retire productive equipment, new electric 
motors had a low adoption level. Not until 
the 1930s did electricity account for over 
80% of the installed mechanical capacity in 
the country.  

The adoption of electricity was driven by 
growing industries such as automobile 
manufacturing in the 1910s and paper pro-
duction in the 1920s where electricity did 
not immediately replace existing, but ex-
panded total, power capacity. Ultimately, 
the greatest change was the wholesale 
reengineering of lines of production to 
exploit the capabilities of the new tech-
nology.8

Today, advocates of clean power face many 
of the same innovation challenges that Ed-
ison saw and met—how to commercialize a 
new technology in the face of an abundant 
and cheap resource sold by powerful in-
cumbents? The challenge requires simulta-
neously subverting the existing status quo 
while establishing new standards, expecta-
tions of performance, and markets for the 
new technologies. A transition to clean 
energy technologies requires educated ap-
proaches that help overcome the inherent 
uncertainties of the new technologies, 
preparations for a long transition time-
frame, and strategies to increase the speed 
and effi cacy of displacement.

But in today’s power market, the diffi cul-
ties with technology turnover may be less-
ened somewhat by the emerging role of 
public investing in clean energy markets. 
We are presented with an imperative to 
seek a low-carbon energy regime unlike 
anything faced by Thomas Edison, but we 
also have some new tools at our disposal to 
meet that challenge.

It took many decades,  
well into the 2oth century, 
for electricity to be widely 
adopted by industry. Indus-
tries that needed to meet 
growing power demands, 
such as paper manufactur-
ing shown here, installed 
electricity alongside other, 
existing power sources. 
Exactly this kind of parallel 
investment scenario is  
likely to occur with clean, 
distributed technologies  
in the near future. 
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Staggering amounts of new power sources 
will be required in the decades ahead to 
meet global electricity demand, but it is far 
from certain that clean energy technolo-
gies will be a major part of that mix. 

The International Energy Agency recently 
estimated that electricity demand world-
wide will double by the year 2030. Over 

�
T H E  C L E A N  E N E R G Y  C H A L L E N G E

Smart investors are moving now to learn more about the nexus Smart investors are moving now to learn more about the nexus �Smart investors are moving now to learn more about the nexus �between environment and capital, and to avail themselves of between environment and capital, and to avail themselves of   

the expanding opportunities in this realm…. The time has come 

for those of us who are investment leaders to open the doors to   

a new era of smart environmental investment.”

— CALIFORNIA TREASURER PHIL ANGELIDES9

NOVEMBER 21, 2003

1000 GW of existing plants will be retired 
and replaced, while over 3500 GW of new 
capacity will be added. If these predictions 
prove correct, this means that in the com-
ing few decades, construction of new and 
replacement power plants will bring an in-
crease of 130% over current capacity of 
approximately 3500 GW (the current 
worldwide production).

The Long Island 
Power Authority’s 
Clean Energy 
Initiative helped 
fi nance this com-
mercial rooftop 
photovoltaic 
system.
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In other words, we could build as much 
generating capacity in the next 20–30 years 
as we did in the entire previous century, 
representing a total investment of nearly 
$10 trillion. The annual investment required 
is equivalent to about 1% of global GDP.10

Inevitably, fossil fuel and nuclear power 
plants will get their share, bolstered by 
favorable subsidy, tax and regulatory poli-
cies.  And some of this new capacity prob-
ably will prove to be unneeded, with 
effi ciency reducing overall demand. But 
new power will be needed and new plants 
will be built. The question is, “What part 
will clean energy technologies play to 
meet this new demand?” 

Decades of research and development ad-
vances, driven largely by government invest-
ments, have led to a proliferation of new 
technologies for clean power.11 Capacities 
that were once measured in kilowatts are 
today measured in megawatts. Recent growth 
rates of over 20% per year are common in 

the wind and photovoltaics industries. Fuel 
cells are providing reliable, high-quality 
power for critical facilities. For example, 
few people know that during the August 
2003 blackout in New York City, one police 
station was able to keep its lights on pow-
ered by a fuel cell. 

While the trends are encouraging, the 
scale remains comparatively small. Solar 
and wind power in the last fi ve years have 
surged with over 30% annual growth but 
still represent less than 1% of global elec-
tricity generation.12 Including small-scale 
hydroelectric and fuel cells, the overall fi gure 
for clean energy today is between 3–4% of 
total electric generation in the US. A clean 
energy future is far from certain.

Some analysts might suggest that the “de-
carbonization” of electricity is an inevitable 
historical trend. As the Economist notes, Economist notes, Economist
“As societies have grown wealthier, they 
have been shifting from dirty solid fuels 
with a high carbon content to liquid hydro-

Energy-Related Venture Capital Investments

Source: Nth Power

Year
1999 2000 2001 2002 2003

Sh
ar

e 
o

f 
To

ta
l V

C
 In

ve
st

in
g

2.5%

2.0

1.5

1.0

0.5

0.0

$1,400

1,200

1,000

800

600

400

200

0

C
ap

it
al

 In
ve

st
ed

($
M

M
)

Energy VC ($M) Energy Share

New power will be 
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gies play to meet this 

new demand?”
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carbon fuels with a lower carbon content, 
and ultimately to clean-burning gases.”13 

This trend suggests to some that a true 
“business-as-usual” scenario does not con-
tinue the energy regime of today, but will 
follow historical trends and eliminate car-
bon from our energy supplies by the end 
of this century.14

Without questioning the trend, the coun-
tervailing view concerns time. Data sug-
gest that relying solely on the inevitability 
of this historical trend may be “dysfunc-

tional at best, suicidal at worst, and cer-
tainly will prove environmentally and 
economically ruinous at some point.” Ex-
trapolations from estimates of the Inter-
governmental Panel on Climate Change 
(IPCC) suggest that we can “afford” to burn 
less than 10% of the current reserves of 
coal, oil and gas. 15 Further studies conclude 
that substantial reductions must occur 
within the next 10 years or it may be “near-
ly impossible” to achieve meaningfully re-
duced carbon dioxide concentration levels.16

In short, climate change demands that 
we accelerate the historical drive toward 
decarbonization. 

Current trends in clean energy develop-
ment in the United States, with only a few 
exceptions, suggest the strong persistence 
of barriers to widespread implementation. 
For the most part, these are market and 
regulatory barriers—not technical ones. 

Under the current policy regime, renew-
able energy, especially central generation 
wind and similar technologies, is particu-
larly dependent on policy support and pub-
lic funding. This is not an inherent charac-
teristic of the technologies themselves, but 
a result of how the policies and regulations 
have developed over time. In many cases, 
historical regulatory structures that protect 
the ongoing power of utilities combine to 
thwart the growth of the clean, distributed 
energy industry. 

Exacerbating this regulatory uncertainty, 
the markets for clean energy are new and 
relatively immature. In this environment, 
information gaps and high transaction 

Photo: NREL

Many US states have wisely created 
clean energy funding mechanisms to 
spur clean energy innovation and 
new markets.
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costs create new risks for investors, often 
leading them to adopt a “wait-and-see” 
approach. In recent years, capital from con-
ventional energy investors has been largely 
absorbed to fund attractively priced trans-
fers of existing assets. 

The philanthropic community faces fi nan-
cial constraints, limiting its ability to spur 
change in this area. And, although climate 
change concerns are growing, in the Unit-
ed States international greenhouse gas 
agreements cannot yet be considered sub-
stantial market drivers. Finally, clean ener-
gy technologies, despite their advances 
and growth, still face an enormous “credi-
bility gap” in public opinion.17

On the positive side, clean energy is in-
creasingly being targeted as a large market 
growth opportunity over the next decade 
both in the US and in Europe. Some indus-
try analysts conclude that clean energy 
could be the most signifi cant growth sector 
in the medium term for US and European 
generation and energy investment mar-
kets, increasing several times faster than 
the fossil fuel sector and proving cost-com-
petitive, without subsidies, in the next 

decade. Annual US installations of renew-
able energy are expected to increase by a 
factor of fi ve in the next ten years, reach-
ing 4,000 MW of new capacity annually.18

These prospects for growth are attracting 
new private investment capital. Venture 
fi rms, pension funds and other private in-
vestors have begun to explore ways to ex-
pand the pool of public and private capital 
devoted to clean energy. $428 million was 
invested in US energy technology compa-
nies from venture capital funds, increasing 
its share of all VC investing to 2.4% for 
2003.19 The California Treasurer recently 
proposed plans for the state’s two largest 
pension funds to invest $1.5 billion in clean 
technologies, including the creation of a 
$500 million fund for venture capital, 
private equity and project fi nance.

Power reliability is one key driver of this 
renewed investor interest. “Trees or terror-
ists, the power grid will go down again,” 
concluded a recent Economist article that Economist article that Economist
also observed the August 2003 blackout in 
North America cost power users about $7 
billion.20 Economic and political security is 
also driving interest to fund more depend-
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An artist’s sketch of the original Pearl Street Generating 
Station, opened in 1882. The fi rst electric generating station 
was panned as an investment by The New York Times. 
Twenty years after electricity was being generated, a mere 
3% of the population was served by electricity. It took 
almost 50 years for this “new” technology to be in 
widespread use.

able domestic sources of supply and to 
keep dollars invested at home.

Getting to scale is the key to success. Enor-
mous amounts of public and private capi-
tal will be spent on new power sources. 
Ultimately, the issue is a social question—
what part of new investment will be used 
for clean energy? The answer will depend, 
in large part, on the desire and ability of 
the public sector to attract private invest-
ment through favorable investment and 
regulatory decisions.

A key question is whether it is possible to 
accelerate technology transition in order 
to leapfrog another wave of fossil-based 
power and usher in a new low-carbon 
economy. While uncertainties will remain 
about which clean energy market seg-
ments are most likely to achieve the most 
rapid growth and in which time frames, it 
is clear that this market shift will require 
signifi cant new fl ows of investment capital 
to support the development of new proj-
ects and companies. Public funding has an 
important role to play to bring about this 
change.21

A key question is 

whether it is pos-

sible to accelerate 

technology transi-

tion in order to 

leapfrog another 

wave of fossil-

based power and 

usher in a new 

low-carbon 

economy.
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It should come as no surprise that there 
are specifi c “rules of nature” that govern 
how a technological discovery advances 
from “invention” to “innovation.” Nor 
should it come as a surprise by now that 
novel innovations do not automatically 
become diffused throughout society.

The barriers now facing clean energy are 
not unique. The widespread changes that 
have swept through the power industry at 
other times have each faced similar bar-
riers: high cost; an abundant existing re-
source; politically powerful, entrenched 
incumbent players; and, long lag times for 
adoption. The new technologies that dis-
rupted the previously established regime 
were successful because they were aggres-
sively promoted for their abilities to pre-
cisely satisfy the changing demands of 
customers in the marketplace.

The success of electricity in the early part 
of the twentieth century is held up as an 
icon of invention and technological inno-
vation. However, as we report here, it was 

hardly a simple story of “one innovation’s 
demonstrable technical and economic supe-
riority over an incumbent rival.”23 Early 
electric light was more expensive than the 
alternatives of gas or kerosene. It was not 
truly cost competitive until well into the 
20th century.24 To some, Edison’s choice to 
develop a central generating station was 
“an invitation to throw money down a 
rathole.”25

The recognition that energy transitions in 
the past have overcome similar barriers 
to those facing clean energy today is a 
heartening insight. However, it does not 
offer a specifi c, short-term roadmap for 
how to achieve transformation to a clean 
energy world. 

An advantage we have today, which 
Edison did not enjoy, is access to leading 
scholars who have spent their careers divin-
ing the ways that companies develop and 
deploy “disruptive” technologies—those 
that upset the technology status quo. But 
these approaches have never been system-

�
U N D E R S TA N D I N G  T H E  R U L E S  O F  T H E  G A M E

The ancients who attempted to fl y by strapping feathered wings to The ancients who attempted to fl y by strapping feathered wings to �The ancients who attempted to fl y by strapping feathered wings to �their arms and fl apping with all their might as they leapt from high their arms and fl apping with all their might as they leapt from high 

places invariably failed. Despite their dream and hard work, they were 

fi ghting against some very powerful forces of nature. Flight became 

possible only after people came to understand the relevant natural 

laws and principles that defi ned how the world worked..... As in the 

analogy to manned fl ight, these laws (of disruptive technologies) are 

so strong that managers who ignore or fi ght them are nearly powerless 

to pilot their companies through a disruptive technology storm.” 22

— HARVARD BUSINESS SCHOOL PROFESSOR 
CLAYTON CHRISTENSEN

The new technologies 

that disrupted the  

previously established 

regime were successful 

because they were  

aggressively promoted 

for their abilities to 

precisely satisfy the 

changing demands  

of customers in the 

marketplace.
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atically applied to the challenge of clean 
energy. Yet, their strategic insights offer 
new 21st century business models that are 
needed to accelerate the commercializa-
tion of clean energy technologies, such as 
wind, solar, fuel cells and hydrogen fuels.  
And, in turn, public investors are starting 
to recognize these perspectives as valu-
able guideposts to their role.

Harvard Business School Professor Clayton 
Christensen, author of the best selling 
business books, The Innovator’s Dilemma 
and The Innovator’s Solution, and the 
leading architect of “disruptive technolo-
gy” theories, describes the challenge fac-
ing new innovations. According to him, 
the “most common misconception about 
disruptive innovation is that the disrup-
tion is caused purely by the technology. 
Characteristics such as features and func-

tionality are certainly important. But it’s the 
business model—the pricing, cost structure, 
sales process, and so on—used to commer-
cialize the technology that’s truly critical.”26

Again, history provides a guide. At the 
end of the last century, a lawyer for the pre-
decessors of the General Electric Company 
described the challenge of “market cre-
ation.” Electricity “was new and presented 
problems which were substantially with-
out precedent and which required new 
methods. People did not at all appreciate 
the need or value of electricity. They had to 
be educated to its use.... Suitable manufac-
turing methods as well as adequate ways of 
distributing the manufactured product had 
to be devised.... Customers did not exist; 
they had to be created.”27

One historian who has chronicled the 
origins of the electric industry wrote, “Al-
though today we consider electric lighting 
a necessity, we must remember that there 
was no obvious need for electric lighting in 
the late nineteenth century, especially be-
cause it was more complex and more ex-
pensive than the existing alternatives of gas 
or kerosene.... By emphasizing that electric 
light was scientifi c, modern and progressive 
[the early innovators] helped persuade 
businessmen that it would be appropriate 
to risk money on the new technology. Thus, 
the invention of electric lighting was a so-
cial process in the sense that inventors and 
manufacturers had to negotiate with local 
businessmen regarding the cultural and econ-
omic implications of the new technology.”28

Recognizing the historical pattern of tech-
nology turnover offers key insights to 
create effective strategies to introduce new 
clean energy technologies. In particular, 
certain themes emerge from a historical 
review that are directly relevant to the 
challenge of today. 

Photo: © 2004 GE Energy All Rights Reserved

“What wind turbines 
really produce are 
jobs,” suggest many 
recent studies on the 
economic develop-
ment impacts of clean 
energy technologies. 
A study commissioned 
in Pennsylvania con-
cluded that renewable 
energy development 
would lead to the 
creation of 85,000 new 
jobs and $2.8 billion in 
new earnings over a 
20 year period.
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First, the transition to a new technol-
ogy is rarely driven by cost. Most often, 
the new technologies are more expensive, 
but they possess new, unique qualities de-
manded by the marketplace. They typically 
cannot compete on the basis of price and 
performance against mainstream, dominant 
technologies. As noted, Edison’s electric 
light, at the outset, was much more expen-
sive than kerosene or gas, the alternatives 
for lighting. But it was cleaner, and held a 
powerful “combination of safety and the-
atricality” when used for illumination of 
store fronts and signs, key selling points at 
the time.29

Second, innovative technologies rare-
ly fi nd success by entering directly 
into mainstream markets. Early success 
usually occurs in niche markets where the 
fundamental characteristics of the appli-
cation are “suited to the merits” of the 
technology, corresponding with the true 
Oxford English Dictionary defi nition of Oxford English Dictionary defi nition of Oxford English Dictionary
“niche.” 30 In these applications, the new 
technologies offer a real, economic value. 
Typically, the very attributes that lead to 
failure in mass markets lead to success in 
these niche markets. Further, because the 
market size is small, the mainstream in-
cumbents most often do not perceive the 
new technology as a competitive threat. 

Niche markets, then, serve as an incubator 
to refi ne and develop the technology, and 
act as a launch pad into mainstream mar-
kets. In this sense, “widespread adoption 
accelerates the incremental improvements 
from learning by both users and produc-
ers, further speeding adoption and diffu-
sion.”31 From these early applications, in-
novators are able to improve and tailor 
the technology to meet the demands of 
the market, and then advance into the 
mainstream marketplace. Their subse-
quent success in disrupting the status quo 

of established markets has more to do with 
meeting new demands in the marketplace 
than in undercutting a competitor on price 
alone.32

Third, people do not switch to new 
technologies because the existing re-
source base is growing scarce. This is 
particularly true for energy transitions. As 
the saying goes, “The stone age did not end 
because we ran out of stones.” In each 
major energy replacement of recent history 
—from wood to coal, coal to oil, oil to gas 
—the emerging fuel offered values and real 
economic advantages to consumers that 
the previous fuel could not deliver. This is 
important because, as previously indicated, 
climate change impacts demand that we 
switch from fossil fuels long before these 
resources prove scarce.33

A fourth theme, evident in Edison’s 
day as well as our own, is that new tech-
nologies face fi erce responses from in-
cumbent players. They wield powerful 
political infl uence to affect the regulatory 

Building-integrated photo-
voltaic panels, such as these 
at the Science Museum of 
Minnesota, a project funded 
with a grant from the Xcel 
Energy Renewable Develop-
ment Fund, are a promising 
market niche for the early 
adoption of solar energy.
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environment in which new technologies 
must compete. The reaction of the players 
governing the incumbent technologies will 
greatly infl uence the diffusion of a new 
technology. 

A fi fth theme is that, in response to in-
cumbent players’ reactions, creating 
“networks of innovation” is critical to 
overcoming their entrenched benefi ts 
and maneuvers. Indeed, U.C. Davis pro-
fessor Andrew Hargadon has written ex-
tensively on the effective management of 
innovation and notes that breakthrough 
innovations require “building a communi-
ty of like-minded and wholly committed 
individuals who see their shared future in 
the success of the emerging technologies 
and industries.”34 Those interested in dis-
ruptive change need to organize and align 
their actions to bring about change, and 
success does not depend exclusively on 
technical superiority. In this sense, innova-
tion is “as much social as it is technical.”35

A sixth theme is that these revolu-
tions rarely are spontaneous or instan-
taneous. At the close of the 19th century, 
nearly two decades after the installation of 
Edison’s fi rst plant, less than 5% of the me-
chanical drives in factories were electric.36

In the next twenty years, this fi gure grew 
as slightly more than half the factories in-
troduced electricity. Interestingly, electri-
city was most often introduced as a parallel 
investment alongside existing energy tech-
nologies. As one scholar notes, “This sort 
of overlaying of one technical system upon 
a preexisting stratum is not unusual during 
historical transitions from one technologi-
cal paradigm to the next.”37

With few exceptions, the adoption rates of 
innovative technologies are measured in 
decades. As with electricity, implementa-
tion on a wide scale requires working out 
the details of using the new technology 
in the context of many quite varied in-
dustrial and commercial settings. In net-
worked systems such as electricity with an 
elaborate connection of grids and power 
plants, where decisions and components 
are highly interconnected, these adoption 
rates are slowed even more. As one busi-
ness scholar recently observed, these kinds 
of interconnected networks make it “tough-
er for companies to dislodge the status 
quo than if each participant were to act 
autonomously.”38

Arguably, an observer in the early part of 
the twentieth century stood as far distant 
from the breakthrough of the fi rst electric 
generating station as an observer today 
stands from the early generation of photo-
voltaics, wind turbines and other clean en-
ergy sources. Twenty years or so had passed 
since the introduction of Edison’s innova-
tion. And each might remark on the rela-
tively “slow” progress of the technology—
entering the 20th century, a mere 3% of all 
residences in the United States used electric 
lighting. Today, in the US, a little more than 
3% of our power supply relies on clean 
energy sources.  

But as in Edison’s time, the small rate of 
technology turnover in clean energy today 
could mask a fundamental transformation. 
Seemingly small innovative activity often 
portends a larger undercurrent of change 
that only becomes evident years later. 
We may be at the cusp of fundamental 
shift in the clean energy world, especially 
if we take advantage of the new public 
tools to speed the momentum toward that 
transition. 

We may be at   

the cusp of funda-

mental shift in the 

clean energy world, 

especially if we 

take advantage  

of the new public 

tools to speed   

the momentum  

toward that  

transition. 
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�
P U B L I C  S E C T O R  I N V E S T M E N T S

Capital investment will shape the future, and investment is all Capital investment will shape the future, and investment is all �Capital investment will shape the future, and investment is all �about technology choice.”about technology choice.”

— JAMES GUSTAVE SPETH

For all the similarities, one major and 
hopeful difference exists—Edison did not 
have signifi cant public sector support to 
accelerate his market when he started his 
venture. That support came decades later 
when his upstart companies became the 
new entrenched and powerful players. 
Public agencies lined up to promote mo-
nopoly regulation and other forms of capi-
tal accumulation that benefi ted these new 
incumbents—the electric companies.

Today, at this early stage of the clean en-
ergy market, the public sector has an obvi-
ous and huge stake in commercial success. 
Technological innovation in this area has 
been strongly stimulated by public invest-
ments—largely through research and 
development funding—justifi ed by the 
pursuit of social goods such as energy di-
versity, climactic stability, environmental 
protection, global security and power reli-
ability. But these public good benefi ts will 
not be realized if the developed technolo-
gies are never adopted in mainstream 
markets.  

The failure of new technologies to reach 
the market is often attributed to private 
investors who are unwilling to assume the 
risks of supporting a new technology, even 
one with signifi cant public R&D support. 
This is a key problem in the clean energy 
area. 

There is, perhaps, a simple and direct ex-
planation for this caution by private inves-

tors, which is that there are often signifi -
cant gaps between what a newly developed 
technology offers and what investors seek. 
In short, the public and private sectors have 
different goals. Public investors emphasize 
performance characteristics and public 
benefi ts of new technologies. Private inves-
tors, in contrast, are typically more con-
cerned with issues related to the size of the 
market, quality of the management team, 

Public Fuel Cell Alliance

The Public Fuel Cell Alliance (PFCA), a nonprofi t project 
of the Clean Energy States Alliance, was created to as-

sist agencies at state, federal and international levels with 
new programs to support fuel cells and hydrogen infra-
structure activities. While the diversity is impressive, the 
explosive growth of these programs comes at a cost. 
There is little coordination or cooperation between these 
diverse programs. The PFCA is designed to bring these 
programs together and accelerate the widespread adop-
tion of fuel cell and hydrogen technologies. 

PFCA activities are focused on three complementary areas:

• Sharing Information,

• Leveraging federal and state funding, and

• Developing short and long-term strategies for 
program development.

The PFCA will organize and host meetings to focus discus-
sion on developing short and long-term strategies, in-
cluding extensive collaboration with private industry 
partners. For more information, please visit www.clean 
energystates.org.



G L O B A L  C L E A N  E N E R G Y  M A R K E T S20  

competitive advantages of the technology 
and liquidity of their investment. 

Compounding this mismatch is a pro-
nounced gap between when public sector 
fi nancing typically stops and when the pri-
vate sector is willing to invest. After the 
technology is created, funding for re-
search decreases dramatically. Yet this is 
also when the funding requirements for a 
new venture begin. Private investors, how-
ever, are more likely to fund a venture 
with a commercial product and estab-
lished sales ready for market expansion. 
While the public funding may have ad-
dressed various technological risks, there 
remain numerous market, information and 
management risks in this gap.39

The public sector has the ability to better 
address some of these risks through effec-
tive partnerships that recognize the most 
important public sector role is to combine 
leadership with funding. There are long-
standing precedents for public and govern-
ment support to foster innovation, includ-
ing grants to develop the telegraph and 
railroad and purchase orders which drove 
the infant aircraft industry during World 
War I. Government investments in research 
and development following World War II 
spurred the creation of university and cor-
porate R&D labs. In large part, this support 
took the form of grants and purchases from 
the public sector.

The public sector now has an important 
new challenge to create rich and effective 
partnerships that target the gaps in the in-
novation process with specifi c investments. 
This is especially true with clean energy 
technologies in the contemporary market-
place. There are simply not enough public 
subsidy dollars available to make these 
technologies cost-competitive in conven-
tional, mainstream applications. Moreover, 
many investors leading teams in high-risk 
ventures are more interested in the strate-
gic, not merely fi nancial, resources of their 
investment partners. 

These new partnerships are a new role for 
public intermediation. Public leadership 
can be used to demonstrate how public and 
private capital can be combined in pursuit 
of social goals that may require longer hori-
zons than conventional private investment. 
It can help bridge the “credibility gap,” 
helping consumers understand the range of 
options for their personal energy choices 
and their community’s infrastructure choic-
es. And, public leadership can create strate-
gic investments that reduce the perceived 
risks and attract more conventional, main-
stream fi nancing. 

Clean Energy Development Fund

At a meeting sponsored by the Rockefeller Brothers 
Fund, Oak Foundation and the Surdna Foundation 

in November 2003, several European and US parties met 
to discuss how to expand investment in clean energy 
technologies. One proposal currently being investigated 
is creation of a Trans-Atlantic Clean Energy Development 
Fund (CEDF) for European and North American investors. 

Creation of a fi nancing vehicle like the CEDF would:
• Recognize that public and private investors on both 

sides of the Atlantic have no single specialized vehicle 
through which joint or parallel investments in clean 
energy development technologies can be made 

• Allow investors to expand their investment   
portfolios 

• Accelerate technology development and transfer
• Create new and mutually benefi cial investment rela-

tionships in this globally important industrial sector
• Target investments in three categories:

1. Beta stage technology demonstration projects
2. Early growth opportunities for commercial 
     scale expansion
3. Technology transfer
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There are many risks that serve to dis-
suade private sector investors away 
from emerging technologies. It is of-
ten diffi cult to communicate or under-
stand the true potential of a new tech-
nology. Costly and time-consuming 
prototypes are needed, and there are 
typically few commercial products at 
the early stages of a technology’s de-
velopment. Often, the managers of 
these early ventures are more qualifi ed 
to address technological, rather than 
market, challenges. 

For clean energy companies, these 
general risks are compounded by risks 
specifi c to energy markets. Because 
they are generally capital and infra-
structure improvements, energy ven-
tures have larger cash needs and the 
time to exit is often several years lon-
ger than typical venture capital invest-
ments. Energy is viewed as a commod-
ity, with low margins and high price 
elasticity. Investors are typically wary of 
entering markets that are highly depen-
dent on government regulation, such as 
electricity generation, transmission and 
distribution. Further, the management teams 
often focus on energy displacement in the 
mainstream markets, without regard for 
market realities such as size, customer bene-
fi ts, profi tability, market entry strategies and 
competitive reactions of incumbents.

For business innovation, the key is to in-
volve private capital. For clean energy, the 
public sector has a unique role to play by 
addressing these funding gaps and market 
ineffi ciencies that prevent private capital 
from entering the market. With an under-
standing of these specifi c issues, public sec-
tor players can be key early-stage, high-risk 
strategic investment partners, working 
with private investors to mitigate the risks 
and establish key public benefi ts. 

This is a somewhat new role for the public 
sector in clean energy, moving beyond the 
technology creation phase and serving as 
an investing intermediary. Through public-
private partnerships in the pre-commercial 
and early commercial stages, this public sec-
tor involvement can serve to reduce the in-
vestment risks, help industry understand 
the true risk profi le, and identify new 
trends and opportunities. 

Some new public players have begun to fi ll 
this gap, opening a signifi cant new chapter 
in how clean technologies could move into 
mainstream markets. Perhaps most impor-
tant, these public players are, in the words 
of Professor Hargadon of the University of 
Califronia at Davis, fi lling the vital role of 
“social construction”—the process by which 
communities arrive at shared understand-
ings of what can and cannot be done with 
an emerging technology that stands at the 
heart of technological innovation.40

In this early stage, the 
public sector has an obvious 
and huge stake in the success 
of clean energy markets. The 
many public good benefi ts 
of these technologies will 
only be realized if they are 
incorporated into the public 
infrastructure.
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�
C U R R E N T  C L E A N  E N E R G Y  I N I T I AT I V E S

The Clean Energy States Alliance provides an ideal forum for The Clean Energy States Alliance provides an ideal forum for �The Clean Energy States Alliance provides an ideal forum for �the renewables states to share experiences and learn from each the renewables states to share experiences and learn from each 

other. We’re gaining momentum, and one day will represent 

the prevailing energy policy in this country.”

— JOHN GEESMAN, COMMISSIONER, 
CALIFORNIA ENERGY COMMISSION

of the laboratory and toward commercial-
ization. They pioneer new investment mod-
els that follow principles of business strat-
egy to build networks of innovation, target 
specifi c capital needs and demonstrate 
clear leadership in creating fi nancing mech-
anisms to address those gaps.

A new set of public funders has emerged 
in the last few years with a common goal 
—to develop market demand, infrastruc-
ture and competitiveness for new, clean 
sources of energy. They invest public funds 
to catalyze the innovation process, moving 
wind, solar and fuel cell technologies out 

Stationary fuel cells are a new 
source of highly reliable and locally 
distributed premium power. Public 
funders are now focusing on the 
indigenous strengths of each state 
program, and are working together 
with a common understanding of 
the market gaps and opportunities 
for fuel cell and hydrogen infra-
structure market through Public 
Fuel Cell Alliance.
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Low Carbon Technology Alliance

The Carbon Trust (UK), Clean Energy Group (US) and 
the Federation of Canadian Municipalities created the 

Low Carbon Technology Alliance (LCTA) in February 2004. 
Other organizations are expected to join this innovative 
new effort.

The LCTA will:

• accelerate low carbon technology deployment by 
closing the “collaborative gap” among practitioners 
using public investment programs

• share key information among local and regional 
governments, public funders, companies and NGOs 
in Europe, the United States and Canada

• focus on energy production from solar, wind, hydro, 
biomass, ocean thermal, tidal and wave, fuel cells, and 
related energy storage and conversion technologies, 
in addition to energy effi ciency applications and 
green building design

• share knowledge needed to build large, durable 
and sustainable markets for these new technologies

• take advantage of complementary approaches to 
delivering change by identifying the best practices 
of each partner

If anything stands out about these state 
clean energy programs, it is their connec-
tion to local market conditions, industries 
and opportunities. Their focus is on mar-
ket-responsive strategies that address some 
of the key barriers—fi nancial constraints, 
information gaps, immature market infra-
structures—and try to create practical 
solutions to overcome those barriers. 

In the fi rst effort of its kind in the United 
States, seventeen of these public funds 
from twelve states banded together in 
2002 to promote clean energy projects 
and companies. The funds agreed to sup-
port a new non-profi t organization—the 
Clean Energy States Alliance (CESA)—to 
help them work together. (See www.clean
energystates.org, and Appendix B.)

CESA’s members include the clean energy 
funds from California, Connecticut, Illi-
nois, Massachusetts, Minnesota, New Jer-
sey, New York, Ohio, Oregon, Pennsylva-
nia, Rhode Island and Wisconsin. CESA 
now advances new, multi-state efforts to 
promote solar, wind, fuel cells and other 
clean energy projects and investments.

Collectively, CESA members put over $300 
million annually into clean energy markets 
through grants, rebates, loans and equity 
investments. In the last fi ve years, these 
funds have invested and obligated more 
than $1.5 billion through grants, rebates, 
loans and equity investments. In the com-
ing decade, they are currently budgeted 
to invest another $2.5 billion. 

Internationally, many public funds are cur-
rently in discussions about similar multi-
party initiatives. A new venture, The Clean 
Technology Implementation Network (CTIN) 
focuses on extending the successful collab-
orative model of cooperation among US 
state clean energy funds to the interna-

tional level through exchange on clean 
energy technology investment and deploy-
ment. This network is intended to chart the 
way toward an expansion of renewable en-
ergy worldwide with a commitment to new 
innovative clean energy fi nance mecha-
nisms. (More specifi c information is avail-
able in Appendix C.)

These funds are capitalized in a number of 
ways. In the United States, these funds 
have typically been created at the state lev-
el with money collected from electricity 
ratepayers through a system benefi ts charge 
(SBC).41 Most were created during the wave 
of deregulation that swept through the 
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electric industry in the 1990s, spurred by 
public fears that competition might force 
out all but the cheapest power sources. 

This is a new and attractive approach to the 
public role in clean energy. The focus is on 
technology innovation, not only policy. The 
mechanisms employed are targeted invest-
ments, not only regulatory mandates. These 
funds are leveraging private capital to 
achieve public purpose goals. They are 
charged with the task of bringing capital 
to new industries made possible through 
technology and favorable energy policies. 
These initiatives show how states have 
become the key “laboratories of experi-
mentation” for economically and environ-
mentally sound clean energy programs, 
pioneering a new role as key early-stage, 
high-risk investment partners.

The challenge now is to better organize 
these funding efforts to sustain companies 
or projects from the early research and de-
velopment stages through to commercial 
deployment.

Pension Funds & Institutional Investors

Recently, there has been increasing interest by state 
pension funds and other fi nancial institutions to in-

corporate the future risks of climate change into their 
investment decisions, due in large part to the Coalition 
for Environmentally Responsible Economies (CERES). 

If institutional investors allocate some of their capital to-
ward direct investments in clean energy and low carbon 
technologies, the results would be extraordinary.

Based on our work and discussions with experts in the 
fi eld, we have identifi ed the following critical barriers to 
action in this area:

• lack of information to make sound investment 
decisions, 

• lack of a coordinated funding vehicle, and 

• lack of basic education of fi duciaries to understand 
the opportunity to align investment with mission. 

Our principal conclusion is that we must:

• develop new clean energy information networks, 

• create new cooperative structures and funding 
vehicles, and 

• inform pension managers and other investors 
about opportunities and pitfalls.

The end goal must be an educated fi duciary community, 
a coordinated investment response to the tremendous cli-
mate risks, and new fi duciary approaches that will create 
new sources of capital allocated to opportunities in this 
area. 

State clean energy 
funds will invest 
nearly $2.5 billion 
in the next decade 
to build new mar-
kets opportunities 
for clean energy.
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We began by stating that our energy future 
is not predetermined. In fact, there is one 
truth that is certain—we will shift away 
from a carbon-based energy system. What 
is not predetermined is the path and pace 
we will follow to lead us away from it. The 
investments that will be made in the pow-
er plants of tomorrow—the machines that 
will power our homes, factories and offi ces 
of 2050—depend on the policy, fi nancial 
and social decisions we make today. 

We now know a great deal about how the 
interplay of capital, policy and choice will 
work upon our energy future. The process 
of technology innovation that has brought 
us everything from laptops to lipstick will 
operate to create the energy choices for 
our children and grandchildren.   

Certainly, we cannot control this future 
fully, but we do know enough to take ac-
tions today which will infl uence where we 
head tomorrow. The question is whether 
we will take this knowledge and act in 
suffi cient time to introduce designs into 
our systems that will lead to sustainable 
energy options. 

Based on the actions of these new public 
energy funds, there is some hope for a 
more enlightened approach to take hold. 
The activities of these new public investors 
represent a new role for public sector in-
vestment. Recognizing the divide between 

�
C O N C L U S I O N

The only relevant discussions about the future are those where The only relevant discussions about the future are those where �The only relevant discussions about the future are those where �we succeed in shifting the question from whether something will we succeed in shifting the question from whether something will 

happen to what would we do it if did happen.”

— ARIE DE GEUS, FORMER HEAD OF GROUP PLANNING,
SHELL INTERNATIONAL 42

technology creation and commercializa-
tion, these clean energy funds are focusing 
on providing targeted investments and 
partnerships to bridge these pre-commer-
cial gaps. Their activities are serving to fos-
ter an accelerated shift from technology 
development to market focus.  

At the same time, venture fi rms, pension 
funds and other private investors have 
begun to explore ways to expand the pool 
of public and private capital devoted to 
clean energy. What can these players—
angel investors, high-wealth individuals, 
investment arms of private foundations, 
pension and retirement funds, states,
venture capital fi rms and private equity 
investors—do now to catalyze this change?

The problem is scale and timing. Will these 
nascent efforts take hold and bring these 
technologies into mainstream markets, and 
to do so in time to replace our polluting 
power systems? The cumulative data of 
climate change impacts suggest that time 
is critical—we need to act soon to reverse 
the damage already in the atmospheric 
pipeline. 

The success of efforts to introduce clean 
energy depends less on the state of the 
technology and more on our ability to ad-
dress the barriers and competition in the 
marketplace. As one practitioner notes, 
“the reason renewable energy technolo-
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gies do not have deeper market penetra-
tion in the United States today is not that not that not
those technologies failed to meet cost and 
performance goals; it is primarily because 
the competition did not sit still.”43

The barriers can be overcome. The compe-
tition can be met. But we cannot sit still. In 
order to leave a legacy for the next gener-
ation worthy of our abilities, we need to 
generate billions of dollars of new public 
and private investment in clean energy 
technologies. We need new vehicles to 
bring about this scale of investment. But 
most of all, we need organized efforts. This 
is a massive organizational challenge, one 
that our best minds in business, fi nance 
and government must address. 

Can we shift the question from “whether 
something will happen to what would we 
do if it did happen?” If so, we must imme-
diately grapple with some formidable chal-
lenges, including:

• Fragmented and immature markets 
for clean energy—making it diffi cult 
to mount large efforts to overcome the 
major barriers that exist. We do not have 
any systematic market infrastructure 
and communication between practition-
ers in this area.

• Unorganized and opportunistic in-
vesting patterns—leaving numerous 
gaps in the “innovation chain” that 
prevent promising technologies from 
reaching larger markets.

• Public credibility gaps—both for the 
abilities of the technologies and the 
opportunities for real investment.

• Unreliable market estimates—ham-
pering efforts to successfully develop 
market penetration strategies with hon-
est assessments of niche market poten-
tials and, in some cases, furthering cred-
ibility gaps through overreaching, 
unfulfi lled projections.

• Regulatory uncertainty—adding risks 
for investors and preventing long-term 
planning.

• The need to act quickly—pressing cli-
mate change impacts demand that we 
act as soon as possible to avoid future 
climate impacts and mitigate existing 
climate effects.

While formidable, these challenges are not 
unique. Many of them are quite similar to 
the challenges facing the early pioneers of 
electricity. By combining careful attention 
to these lessons from the past with over a 
century of new business and technology 
strategy, we can meet these market chal-
lenges. 

The Clean Energy Group is leading several 
initiatives designed to address these gaps 
in the clean energy marketplace. Other or-
ganizations—NGOs, state funds, founda-
tions, government agencies—are similarly 
active. Together, we need to develop co-

Climate Group

The Climate Group is a new London-based non-profi t 
organization working to harvest knowledge gained 

from the pioneering experience of corporations, gov-
ernments and fi nanciers across the globe and make that 
available for others to learn from. 
  The Climate Group’s mission is to help preserve the 
world’s climate systems—to slow down climate change 
by speeding up reductions in greenhouse gas emissions. 
To achieve this, The Climate Group is:

• activating new momentum in the worlds of politics, 
trade and fi nance

• assembling a growing, global circle of greenhouse 
gas reducers and supporters

• pooling this group’s experience of cost-effective and 
profi table reduction strategies

Please visit www.theclimategroup.org.
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investment partnerships that integrate the 
capabilities and resources of the varied 
players. Here are some suggestions for 
joint action: 

1. Develop global networks of clean 
energy practitioners. 
Much greater coordination, coopera-
tion and joint activities among clean en-
ergy practitioners are needed to accel-
erate clean energy commercialization. 
Rigorous networks of practitioners can 
begin to create the “social process” of 
clean energy innovation that is needed 
for global change. Some early efforts 
have begun to build effective, bottom-
up collaborations between United 
States and international partners, such 
as the Clean Energy States Alliance, 
Public Fuel Cell Alliance, Low Carbon 
Initiative and the Carbon Group.  How-
ever, more effort must be brought to 
bear on the task of connecting practi-
tioners, sharing best practices, and 
building synergistic relationships. 

2. Understand processes of technology 
innovation for clean energy.
Coordination, such as the networks sug-
gested above, will yield only unin-
formed chaos without a common un-
derstanding of our shared purpose. 
There is a vast wealth of knowledge 
about technology innovation that has 
not been applied to clean energy. These 
networks must integrate a learning 
loop that brings these principles to the 
forefront of clean energy activity. We 
need a more articulate and clear set of 
innovation technology principles to 
guide investments that support both 
short and long term public funding de-
cisions. We can begin to take the mys-
tery out of the commercialization pro-
cess through effective partnerships with 
practitioners and academic experts.

3. Organize federal, state, internation-
al and private sector activities to 
create complementary and  
synergistic relationships.
Currently, various federal, state and pri-
vate players in the US and elsewhere are 
operating at different places in the tech-
nology innovation process. Each has a 
unique and valuable role, but there is 
little communication among the players 
to develop any complementary strategy 
for how these roles could work better 
together to leverage each other’s success. 

How can the federal government R&D 
process be better linked with state level 
demonstration and pre-commercial proj-
ect investment, which in turn must re-
spect the later stage private investment 
needs? How can these roles be better 
realized at the international level? 

Starting such a systematic innovation 
conversation is an important fi rst step 
that could lead to a more comprehensive 
and effective clean energy innovation 
strategy. Working in partnership with in-
ternational players, the Clean Energy 
Group is reaching out to private inves-
tors to better understand the role of 
public funding to fi ll investment gaps. 
Similar, multi-party discussions can serve 
to improve the performance of each par-
ty along the innovation process and 
guide funding decisions in line with 
other economic development and cli-
mate change goals.

4. Create new public and private  
funding streams and investment 
vehicles.
Any successful innovation network will 
require that more capital be mobilized 
to accelerate clean energy deployment. 
In order to bring about the billions of 
dollars in new capital required to bring 

While formidable, 

these challenges are 

not unique. Many of 

them are quite similar 

to the challenges 

facing the early 

pioneers of electricity.
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clean energy to scale, new funding 
sources must be created. 

Today, a major challenge is organiza-
tional—how to educate and bring to-
gether public and private market actors 
to create new dedicated streams of rev-
enue to fi nance the next electricity revo-
lution? The current funding mechanisms 
(the rather fragmented assortment of 
federal, state and private fi nancial pro-
grams) are not effi ciently or effectively 
mobilizing existing capital well enough 
to accelerate clean energy market activ-
ity. We need to reach out to other fed-
eral, state and municipal governments 
as well as private investors (venture 
fi rms, university and foundation endow-
ments, public pension funds and other 
institutional investors) to explore mech-
anisms to create new funding and capi-
tal streams to support the scale of clean 
energy development required during 
the coming century.

Conclusions
Each one of these recommendations can 
lead to enormous opportunity, but each 
will require dedicated support, coopera-
tion and long-term commitment by NGO’s, 
government, private and public investors, 
and the affected communities. This is a 
multi-generational challenge. To date, the 
scale and complexity of the problem has 
not resulted in a commensurate response. 

We need to start now to build these fl exi-
ble institutional answers to take on these 
problems. We know how, but so far have 
not demonstrated the will to do so. The 

key assumption of this report is that a more 
thoughtful and widespread engagement 
on innovation approaches and opportuni-
ties is needed to make this innovation pro-
cess more attractive to new capital. This 
education process will likely require cre-
ation of new funding vehicles to make it 
easier for private and public capital to be 
brought together. 

We need to do all this with an eye to ever 
changing circumstances, to incorporate 
new thinking and to admit failure in early 
efforts and learn from those mistakes in 
new approaches.  Moreover, this must be a 
bottom-up process, a partnership of gov-
ernment and private industry mediated by 
noncommercial players, one responsive to 
local conditions, knowledgeable about 
markets and sensible enough to adapt to 
quickly changing circumstances.  We do not 
need a new government bureaucracy to do 
this job—we need new enlightened net-
works, as envisioned by Professor Harga-
don and others to bring together the key 
players with an immediate stake in long-
term success.

We have begun some of these initiatives 
through our work in the Clean Energy 
States Alliance, and through our alliances 
with various international actors. Those 
models hold some promise for clean energy 
collaboration on a much larger level. But 
much more time, capital and intellectual 
activity must be applied. 

This paper is an open invitation to collabo-
ration, to join with us in this effort. We 
look forward to working with you.

Today, a major 

challenge is organiza-

tional—how to edu-

cate and bring together 

public and private  

market actors to create 

new dedicated streams 

of revenue to fi nance 

the next electricity  

revolution?
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It is one of the happy incidents of the federal system that It is one of the happy incidents of the federal system that �It is one of the happy incidents of the federal system that �a single courageous State may, if its citizens choose, serve as a single courageous State may, if its citizens choose, serve as 

a laboratory; and try novel social and economic experiments 

without risk to the rest of the country.”

— JUSTICE LOUIS DEMIBTZ BRANDEIS

STATE CLEAN ENERGY FUND INVESTMENT ACTIVITIES

Clean Energy Investing Spectrum

Technology Creation Business & Product Development Early Commercialization

R&D Seed Start-Up Venture
Rounds

Mezzanine LT Debt
Construction

Public

R&D Grants Venture
Investing Demonstration Project 

Loans
PPA Support

Public: Company-oriented IncentivesPublic: Company-oriented Incentives

Support 
Grants

Production 
Incentives

Rebates & 
Grants

Aggregation

Public: Consumer-oriented IncentivesPublic: Consumer-oriented Incentives

Consumer 
Loans

Consumer 
Education

RECs

Public: Market Support

Standards Training

�           �

�           �

�           �

The activities of the state clean energy funds reach well beyond the traditional technology-creation 
role. They provide investments that target specifi c companies and projects, consumer incentives intended 
to stimulate demand, and general education and market support. Together, these activities are fi lling 
the gaps in the critical pre-commercial and early commercialization stages. 
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Company-oriented 
activities

Support grants
For companies with proven tech-
nologies, support grants can help 
early ventures prove their technol-
ogy and conduct initial business 
planning. For example, Wisconsin 
Focus on Energy has conducted 
market assessment analyses for lo-
cal renewable energy companies. 
Pennsylvania’s Sustainable Devel-
opment Fund also offers grants for 
business planning, design, start-up 
and other costs.

Venture Investing
State clean energy funds have 
funded a number of start-up com-
panies and provided debt and eq-
uity to early-stage clean energy 
companies. The intention is to fi nd 
and develop ideas and entrepre-
neurial teams for companies with 
proven clean energy technologies. 
New Jersey’s Renewable Energy 
Economic Development Fund pro-
vides recoverable grants to start-up 
companies. The Connecticut Clean 
Energy Fund has a broad portfolio 
of equity investments in clean en-
ergy companies. The Massachusetts 
Renewable Energy Trust made a 
$2.5 million investment in Ever-
green Solar in 2003, among other 
investments.

Demonstration
Demonstration projects seek to 
overcome barriers related to edu-
cation, marketing and visibility 
through consumer exposure. Proj-
ects can also address issues related 
to limited customer demand by 
encouraging familiarity, acceptance 
and demand.  The high visibility of 
most demonstration projects helps 
foster public support. For example, 
the Long Island Power Authority’s 
Clean Energy Research, Develop-
ment and Demonstration prog-
ram has installed fuel cell demon-
strations projects across Long Island.

Project or Company Loans  
and Financing
Many of the funds provide subor-
dinated debt or other favorable 
fi nancing (for example, royalty pay-
ments) in instances where a com-
pany or project may not be readily 
fi nanced by banks. The subordi-
nated nature of the loans, which 
provides that other commercial 
lenders are given priority to be re-
paid, helps to reduce the risk for 
mainstream commercial lenders. 
For example, in Pennsylvania, fi nanc-
ing of up to $5 million is available 
through subordinated debt at 
favorable rates.

PPA Support
A critical need for project develop-
ment is securing long-term power 
purchase agreements (PPA). Funds 
are actively trying to develop 
mechanisms to secure these con-
tracts and develop more projects. 
For example, Massachusetts recent-
ly announced a $30 million pro-
gram to support monetization of 
the RPS requirements. The pro-
gram will allow for long-term con-
tract support through agreements 
to purchase renewable energy 
credits (RECs), put options on 
RECs, which serve to provide a 
price fl oor, and price collars (put 
and call options) on RECs. 

Production Incentives
To help develop new generation 
projects, funds are offering direct 
fi nancial incentives to make sales 
of power from clean energy proj-
ects competitive with mainstream 
electricity prices. These incentives 
are usually tied directly to the 
amount of electricity produced. 
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Consumer-oriented 
activities

Rebates and grants
Direct subsidies through grants or 
rebates can reduce the capital cost 
of new clean energy installations 
for residential or commercial cus-
tomers. In California, for example, 
photovoltaic and wind energy sys-
tems have been installed on over 
5,300 homes and businesses, pro-
viding over 20 MW of capacity. 
Many other states have similar 
programs. The Illinois Clean Ener-
gy Community Foundation, for ex-
ample, offers direct rebates for 
solar photovoltaics systems and 
small wind turbines. The Energy 
Trust of Oregon, similarly, offers 
an incentive for installation of PV 
systems.

Aggregation
Aggregating large purchases is 
another mechanism used to stimu-
late demand for green power. The 
Rhode Island Renewable Energy 
Fund created the Rhode Island Re-
newable Energy Customer Aggre-
gation program in order to edu-
cate large energy users about 
renewable energy purchasing op-
portunities, and to show them the 
direct benefi ts of clean energy to 
their businesses, colleges, and uni-
versities.

Consumer loans
Favorable fi nancing allows cus-
tomers to avoid the full up-front 
cost of new clean energy installa-
tions. For example, the Ohio Ener-
gy Loan Fund provides an incentive 
for energy effi ciency and renew-
able energy choices by reducing 
the interest on standard bank loans 
for qualifying Ohio residents.

Market support 
activities

Many of the state fund activities 
are not directed toward any spe-
cifi c projects, companies or con-
sumer groups, but offer wide-
spread support to the industry. 

Consumer Education
Grants and incentives can be used 
to conduct general education to 
raise awareness and interest in 
clean energy. Five states (MA, CT, 
RI, NJ, PA) have banded together, 
for example, with a goal to brand 
clean energy in a way that con-
vinces Americans that increasing 
clean energy is important, desir-
able and achievable. They have 
hired an advertising agency to 
produce common print, radio and 
television materials.

Interconnection standards
Establishing consistent, well-under-
stood standards for how clean and 
distributed energy sources are 
connected to the electricity grid is 
critical for market penetration. 

Green tags and RPS support
In order to foster great liquidity 
for clean power, renewable ener-
gy credits (“RECs” or “green tags”) 
are often used to track the envi-
ronmental attributes of the ener-
gy supply. State clean energy funds 
have employed a variety of ap-
proaches to support these mar-
kets, including fi nancial incentives 
to companies selling tags, educa-
tion consumers or improving veri-
fi cation of RECs. For example, the 
fi ve Pennsylvania funds contribut-
ed to a joint education effort to 
increase purchases of green power 
through RECs. 

Training and Certifi cation
In order to develop the supporting 
industry infrastructure, some states 
are supporting the training and 
development of clean energy pro-
fessionals. For example, NYSERDA 
is partnering with renewable ex-
perts to design technical train-
ing, outreach, and market support 
initiatives for renewable energy 
technologies and green power 
markets as part of the “Power 
Naturally” program.
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This new multi-state coalition is already moving fast to advance This new multi-state coalition is already moving fast to advance �This new multi-state coalition is already moving fast to advance �innovative clean energy solutions that create new jobs and lead to innovative clean energy solutions that create new jobs and lead to 

increased energy security for America. These dynamic partnerships 

support cutting edge renewable energy companies, foster shared 

learning among states and carry the message that clean energy can 

deliver substantial economic and environmental benefi ts right now.” 

— ROB PRATT, DIRECTOR, MASSACHUSETTS TECHNOLOGY   
COLLABORATIVE RENEWABLE ENERGY TRUST 

CLEAN ENERGY STATES ALLIANCE MEMBERS

California Energy Commission 
—Renewable Resource Trust Fund
Beginning in 1998, The Renewable 
Resource Trust Fund is funded by a 
systems benefi t charge collected 
from the state’s three largest inves-
tor-owned utilities. The program is 
administered by the California En-
ergy Commission, and $135 mil-
lion is collected annually to sup-
port existing and new renewable 
energy facilities through fi nancial 
incentives, emerging renewables 
through consumer capital buy-
downs, and consumer education 
programs.

California Energy Commission 
—Public Interest Energy  
Research Fund
The Public Interest Energy Research 
Fund was created in 1998 to fund 
public interest research and devel-
opment, which had been previ-
ously administered by the investor 
owned utilities prior to deregula-
tion. The Energy Commission ad-
ministers the program with $62.5 
million that is collected annually 
from the state’s three largest in-
vestor-owned utilities. 

Connecticut Clean Energy Fund 
The Connecticut Clean Energy Fund, 
created in 2000, is administered by 
Connecticut Innovations, a quasi-
government agency. Approximate-
ly $20 million was collected 
through a system benefi t charge 
in 2003. The funds are used to fos-
ter the production and use of en-
ergy through debt and equity in-
vestments in enterprises and initi-
atives, consumer education and 
ratepayer incentives.

Energy Trust of Oregon 
The Energy Trust of Oregon (ETO) 
is a nonprofi t organization formed 
to invest in energy effi ciency and 
renewable energy. ETO receives 
about $50 million per year from 
funds collected through system 
benefi t charges from the state’s 
largest investor-owned electric 
utilities and a natural gas utility. 
About 75% of the ETO’s invest-
ments are for cost-effective con-
servation. Funding for renewable 
energy projects averages $10 mil-
lion per year, or about 20% of the 
annual funds. 

Illinois Clean Energy   
Community Foundation 
The Illinois Clean Energy Commu-
nity Foundation was created in 
1999 to improve energy effi ciency, 
advance the development of re-
newable energy resources and 
protect natural areas and wildlife 
habitats throughout Illinois. Funds 
are distributed through grants to 
501(c)(3) nonprofi t organizations 
and local or state government en-
tities. Illinois Clean Energy’s grant 
programs are supported by a $225 
million endowment provided by 
Commonwealth Edison.

Long Island Power Authority—
Clean Energy Initiative 
The Long Island Power Authority’s 
Clean Energy Initiative (LIPA) was 
created in 1999 following LIPA’s 
1998 takeover of the transmission 
and distribution system on Long 
Island.   LIPA’s CEI consists of a mix 
of energy effi ciency programs and 
the fostering of clean and/or re-
newable generation technologies 
on Long Island.  
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Massachusetts Renewable  
Energy Trust 
The Massachusetts Renewable En-
ergy Trust Fund was created by 
legislative restructuring of the 
electricity market in 1997. The 
Trust is administered by the Mas-
sachusetts Technology Collabora-
tive (MTC) and funded through a 
system benefi ts charge. In 2003, 
Trust revenues were approximate-
ly $39 million. The Trust has estab-
lished an equity investing fund, 
numerous customer incentives and 
public education campaigns, as 
well as demonstration projects.

Pennsylvania Funds
• Metropolitan Edison Company 

Sustainable Energy Fund
• Pennsylvania Electric Company 

Sustainable Energy Fund
• Sustainable Development Fund 
• Sustainable Energy Fund of 

Central Eastern Pennsylvania
• West Penn Power Sustainable 

Energy Fund

Pennsylvania has fi ve clean energy 
funds.  In the late 1990s, agree-
ments related to restructuring and 
utility mergers created the funds, 
which are now managed by non-
profi t development fi nancial insti-
tutions and community founda-
tions.  The funds operate under an 
enterprise model that provides 
loans, investments and grants to 
companies and projects in Penn-
sylvania that promote renewable 
energy, clean energy technologies 
and energy effi ciency.  

New Jersey Clean Energy  
Program
The New Jersey Clean Energy Pro-
gram provides education, infor-
mation and fi nancial incentives 
for renewable energy and clean 
energy systems. The New Jersey 
Board of Public Utilities (BPU) ad-
ministers and implements all of 
the renewable energy programs 
which include a rebate program, a 
low interest fi nance program for 
large-scale renewable energy sys-
tems and a renewable energy 
business development program.

New York State Energy  
Research & Development  
Authority
NYSERDA administers the New 
York Energy Smart program to 
support public benefi t programs, 
including renewable energy, dur-
ing the state’s transition to a com-
petitive electric market. NYSERDA 
uses targeted solicitations to dis-
tribute funds, mainly as competi-
tive grants with performance in-
centives.

Ohio Energy Loan Fund 
The Ohio Energy Loan Fund pro-
vides an incentive for energy effi -
ciency and renewable energy 
choices by reducing the interest 
on standard bank loans for quali-
fying Ohio residents. The Fund 
was established by the Ohio Gen-
eral Assembly under the 1999 elec-
tric restructuring act (Senate Bill 
3). The Fund is administered by 
the Offi ce of Energy Effi ciency 
within the Ohio Department of 
Development.

Rhode Island Renewable  
Energy Fund 
Rhode Island created the nation’s 
fi rst clean energy public benefi t 
fund when the state passed its re-
structuring legislation in 1996. The 
Renewable Energy Fund that re-
sulted was initially administered 
by a utility-based collaborative. 
The Rhode Island State Energy 
Offi ce took over the administra-
tion of the fund in January 2003.

Wisconsin Focus On Energy
Wisconsin Focus on Energy pro-
vides public awareness activities, 
education & training, facilitation 
and project fi nancing for renew-
able energy. Focus on Energy is ad-
ministered by the Wisconsin Re-
newable Energy Network (WREN), 
a consortium of Wisconsin-based 
renewable energy organizations 
and businesses led by the Wiscon-
sin Energy Conservation Corpora-
tion (WECC). WREN started the 
statewide program in March of 
2001 after a three year pilot in 
Northeast Wisconsin.

Xcel Energy Renewable  
Development Fund (MN)
The Xcel Energy Renewable Devel-
opment Fund (RDF) was created in 
1994 by state legislation.  Xcel En-
ergy currently pays $16 million an-
nually into the fund.  Project fund-
ing is in the form of grants and the 
program supports both commer-
cial technologies and research and 
development.  The Fund is admin-
istered by Xcel Energy, with a fi ve 
member Board responsible for the 
oversight of the Fund.

For more information, please visit www.cleanenergystates.org
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We hope that by bringing together a wide range of international We hope that by bringing together a wide range of international �We hope that by bringing together a wide range of international �practitioners who are on the leading edge of practical low carbon practitioners who are on the leading edge of practical low carbon 

deployment programs, knowledge sharing needed to build large, 

durable and sustainable markets for these new technologies   

can increase rapidly.” 

— PETER MALLABURN, DIRECTOR, GOVERNMENTAL 
AND EXTERNAL AFFAIRS, THE CARBON TRUST (UK)

INTERNATIONAL EFFORTS

There are several international 
public or quasi-public funds that 
serve as counterpart investment 
mechanisms to the US state clean 
energy funds. These funds, and 
others, are currently discussing 
possible collaborative arrange-
ments to better organize and ex-
pand their efforts.44

The Carbon Trust
The Carbon Trust is an indepen-
dent not-for-profi t company fund-
ed in part by the UK Government 
and in part by the UK Climate 
Change Levy.  Its mission is to help 
the UK move to a low carbon 
economy by enabling business and 
the public sector to reduce carbon 
emissions and capture the com-
mercial opportunities of low car-
bon technologies.  It directly sup-
ports the UK’s goal to reduce 
carbon emissions by 60% and cre-
ate a low carbon economy by 2050 
through energy effi ciency, carbon 
management and investment in 
low carbon technologies.  Since its 

inception in 2001, the Carbon 
Trust has committed £29.9 million 
to the discovery and development 
of low carbon technologies and 
businesses by working with vari-
ous stakeholders (academic, early-
stage, pre-commercial, corporate 
research and investors) to identify 
innovative technologies, test con-
cepts, provide viability and defi ne 
future markets.

Clean Energy and Infrastructure 
Development Bank
The primary objective of the Clean 
Energy and Infrastructure Devel-
opment Bank (CEIDB) is to fi nance 
small hydropower as well as other 
renewable energy projects and 
clean energy infrastructure proj-
ects by mobilizing savings within 
Nepal.  The CEIDB aims to gener-
ate competitive returns for its 
shareholders by fi nancing envi-
ronmentally responsible, fi nan-
cially sustainable clean energy 
projects. It will mobilize long-term 
capital for private sector clean in-
dustry and infrastructure projects, 

contribute to Nepal’s social and 
development goals and help re-
duce global warming. The CEIDB 
brings together a unique combi-
nation of local individual and in-
stitutional investors, foreign insti-
tutional investors and the general 
public.

Fideme
Fideme is a public-private invest-
ment fund based in France for re-
newable energy and environment 
projects.  In 2003, the total value 
of the fund was 45 million euro. 
Fideme is dedicated to providing 
intermediary fi nancing between 
equity and debt, and to fi nancing 
projects based on proven technol-
ogies and improving the environ-
ment.  Fideme does not provide 
equity, nor does it fi nance projects 
with non-proven technology or 
provide subsidies through grants.
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Green Municipal Enabling Fund
The Green Municipal Enabling 
Fund (GMEF) operates on a na-
tional basis in Canada through a 
partnership between the Canadi-
an federal government and the 
Federation of Canadian Munici-
palities.  The GMEF provides sup-
port to Canadian municipalities 
and their public- or private-sector 
partners for feasibility studies of 
new renewable energy projects. 
Created through a $50 million 
(CAD) endowment from the Cana-
dian federal government, the 
GMEF was launched in 2000 and is 
planned to operate until 2007. 

Eligible renewable energy projects 
include:  
• on-site energy generation and 

co-generation technologies;
• landfi ll gas capture to generate 

electricity and/or heat or pro-
duce liquid fuels;

• installation of renewable ener-
gy technologies/building ele-
ments (i.e., solar walls, solar 
thermal heating); and,

• micro-hydro, wind, solar ther-
mal, solar photovoltaic or bio-
mass projects used to meet 
community energy needs

Other project types are also eligi-
ble for funding through the GMEF, 
including those with the potential 
to improve environmental perfor-
mance in the following areas: en-
ergy, water, solid waste manage-
ment, sustainable transportation 
services and technologies, and sus-
tainable community planning. 

Green Municipal Investment 
Fund
A sister fund to the GMEF, the 
Green Municipal Investment Fund 
(GMIF) offers interest-bearing 
loans, loan guarantees, and grants 
toward the implementation of a 
similar range of municipal envi-
ronmental projects, including proj-
ects involving renewable energy 
technologies in Canada. The $200 
million (CAD) GMIF, also managed 
through a partnership between 
the federal government and the 
Federation of Canadian Munici-
palities, is designed to operate in 
perpetuity as a revolving fund. 
Through the GMIF, eligible proj-
ects may apply for loans covering 
up to 15% of project costs (25% in 
exceptional cases), at an interest 
rate 1.5% below the Bank of Can-
ada bond rate with payback peri-
ods of four to ten years. Support-
ed renewable energy projects 
cover a wide range of technolo-
gies (i.e., wind, solar, geothermal, 
biomass, landfi ll gas) and applica-
tions (i.e., solar water heating, 
large-scale grid-connected wind 
farm) to those supported by the 
GMEF. 

Sustainable Development 
Technology Canada
Sustainable Development Technol-
ogy Canada (SDTC) has a $350 mil-
lion (CAD) endowment and pro-
vides incentives to partnerships 
seeking to develop or demon-
strate new technologies that ad-
dress climate change and clean air 
issues. Eligible technologies in-
clude energy exploration, produc-

tion, transmission, distribution, and 
utilization, as well as waste man-
agement, transportation, emissions 
controls, and enabling technolo-
gies (i.e., communication software, 
controls). Renewable energy and 
hydrogen technologies are eligi-
ble within each stage where appli-
cable.  SDTC provides gap fi nanc-
ing and seed fi nancing to seed the 
development of new technologies. 

Toronto Atmospheric Fund
The Toronto Atmospheric Fund 
(TAF), established by the Toronto 
City Council in 1991, offers sup-
port for projects with the poten-
tial to mitigate global climate 
change and improve Toronto’s air 
quality. City of Toronto agencies 
and departments, non-profi t or-
ganizations, registered charities, 
and public institutions and schools 
are eligible to apply for grants and 
loans in the areas of renewable 
energy, energy conservation and 
effi ciency, and reduced fossil fuel 
content of energy sources. Individ-
uals, for-profi t organizations, and 
applicants from outside Toronto 
are not eligible.
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Reshaping an industry requires   

a deep understanding of the forces 

that act upon the key players—

forces that powerfully infl uence 

what they choose and cannot choose 

to do. In my research, I’ve looked at 

how the innovation process can be 

more predictable, enabling growth 

builders to use disruptive strategies 

to increase their probability of 

success. The theories behind my 

work have not only been applicable 

to individual companies, but indus-

tries as well.  In the energy industry, 

for example, efforts are underway 

to disrupt the system with clean 

energy technologies.

This report, written by the Clean 

Energy Group, looks at the energy 

industry from a disruptive point 

of view. If the natural process of 

disruption is allowed to proceed, it 

would bring about change that would 

produce critical social, economic, 

and environmental benefi ts. By look-

ing at the industry through the lenses 

of my research, I hope this report 

helps you frame the key issues in 

a unique and powerful way.
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