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A Letter from the Cleantech Community
Dear Colleagues:

Out of our garages came the innovations that launched the information technology and biotech revolutions. From those 

beginnings, we have built a trillion-dollar IT economy and a biotech industry. As investors, entrepreneurs, and business leaders, 

we recognize a similar economic opportunity in clean energy technology. And this prospect isn’t just about economic growth. 

Our security and prosperity and that of future generations depend on energy independence and a stable climate, which clean 

technology can ensure. 

For the first time, we have a roadmap of how to scale clean energy to have major impact by 2020

As this report shows, clean energy can reduce greenhouse gas emissions by the gigatons required to address climate change over 

the next 20 years. For an entrepreneur, what can be imagined sets the bounds for what can become real. We can now imagine gigaton 

scale for clean energy technologies, and entrepreneurs can starting building the leading clean energy companies of tomorrow. 

Acceleration will require policy engagement

All of the technologies that can make major carbon dioxide emissions reductions — energy, buildings, transportation, forestry, 

and agriculture — have historically had market rules established by local, regional, national and international policy decisions. 

The future will be no different.

For innovation to flourish, policymakers must lay out fair and stable rules of the road

Scaling up clean energy industries requires coordinated action by the entire supply chain. Companies will expand capacity only 

when there are clear market signals for expected growth. Such signals are also required to increase demand for renewable 

energy and low-carbon alternatives. 

The energy and carbon policies being decided now in the U.S. Congress and in December at the 15th Conference of the Parties 

(COP-15) in Copenhagen can lay the foundations for decades of massive innovation and growth in clean energy. The central 

reform must be a comprehensive carbon policy that puts a price on carbon for the long term. Without such a policy, cleantech 

energy pathways will grow slowly and in most cases fail to affect climate change. With such a policy, we can achieve gigaton 

scale by 2020, stabilize the climate, and create a new industry.

While we did not prepare this report, we agree with its basic findings and encourage our colleagues to use it as a framework 

for thinking about how to achieve scale in cleantech energy industries. We encourage policymakers to take to heart its central 

conclusions. 



iii

gigaton 
throwdown

Raj Atluru 
Managing Director, Draper Fisher Jurvetson

Andrew Beebe  
Managing Director, Energy Solutions, 
Suntech America

Warren byrne  
CEO, Foresight Wind

Matt Cheney  
CEO, Renewable Ventures

Larry Coben  
Chairman and CEO,  
Tremisis Energy Corporation

Will Coleman  
Partner, Mohr Davidow Ventures

Jesse Fink 
Founding Partner,  
MissionPoint Capital Partners 

Adrian Foley  
Chief Business Development Officer, 
AltaRock Energy

Bill Gross  
CEO, eSolar and founder, Idealab

Arno Harris  
CEO, Recurrent Energy

Greg Kats  
Senior Director and Director of Climate 
Change Policy, Good Energies

Richard Kauffman  
CEO, Good Energies

Shibab Kuran  
President and CEO, Petra Solar

Fred Kittler  
Managing Director and Co-Founder,  
Firelake Capital Management

Marty Lagod  
Managing Director,  
Firelake Capital Management

Chris Luebkeman  
Director for Global Foresight + Innovation, 
Arup

Jack Oswald  
CEO, Syngest Inc.

SUNIL PAUL  
Founding Partner, 
Spring Ventures

Marc Porat  
Chairman,  
Serious Materials, Calstar, and ZETA 

Arati Prabhakar  
Partner, U.S. Venture Partners

Dan O’Shei  
CEO, AltaRock

Rhone Resch  
President and CEO,  
Solar Energy Industries Association

Jason Scott  
Managing Partner,  
EKO Asset Management Partners

Michael Skelly  
Chief Development Officer,  
Horizon Wind Energy

Dick Swanson  
CTO, SunPower Corporation

Dharmesh Thakker  
Vice President,  
Advanced Technology Ventures

Ravi Viswanathan  
Partner, New Enterprise Associates

Signatories



iv

gigaton 
throwdown

Thank You

The Gigaton Throwdown wishes to thank 
the following organizations and individuals. 
This project was made possible through their 
financial or in-kind support:

Sunil Paul and Michelle Odom Foundation
Energy Foundation
Firelake Capital Management
Jesse Fink
Environmental Entrepreneurs
Clean Economy Network
Weber Shandwick
Orrick
Tendris
Clinton Global Initiative
L.E.K. Consulting

Advisors:
Raj Atluru, Managing Director,  Draper Fisher 
Jurvetson
Neil Z. Auerbach, Managing Partner, Hudson 
Capital Management
Josh Becker, Founding Partner, New Cycle 
Capital
Andrew Beebe, Managing Director, Energy 
Solutions, Suntech America
James Brew, Rocky Mountain Institute
Warren Byrne, CEO, Foresight Wind
Matt Cheney, CEO, Renewable Ventures
Aimee Christensen, CEO, Christensen Global 
Strategies
Will Coleman, Partner, Mohr Davidow 
Ventures
Jesse Fink, Founding Partner, MissionPoint 
Capital Partners	
Josh Green, Partner, Mohr Davidow Ventures
Anup Jacob, Partner, Virgin Green Fund
Greg Kats, Senior Director and Director of 
Climate Change Policy, Good Energies
Richard Kauffman, CEO, Good Energies
Hal LaFlash, Director, Emerging Clean 
Technologies, Pacific Gas and Electric
Marty Lagod, Managing Director, Firelake 
Capital Management
Marc Porat, Chairman, Serious Materials, 
CalStar; and Pegasus Capital ZETA
Arati Prabhakar, General Partner, U.S. Venture 
Partners
Scott Sandell, General Partner, New Enterprise 
Associates

Jason Scott, Managing Partner, EKO Asset 
Management Partners
Jigar Shah, Co-founder, SunEdison
Dick Swanson, CTO, SunPower
Matthew Trevithick, Partner, Venrock
Ravi Viswanathan, Partner, New Enterprise 
Associates
Sanjay Wagle, Principal, VantagePoint Venture 
Partners
Jonathan Wolfson, CEO, Solazyme
Marianne Wu, Partner, Mohr Davidow 
Ventures
Ethan Zindler, Head of North America 
Research, New Energy Finance

Reviewers and Other Contributors:
Andy Aden, Senior Research Supervisor, 
National Renewable Energy Lab
Shai Agassi, Founder and CEO, Better Place
Annie Barton, University of Michigan
Gautam Barua, Partner, Aclaria Capital
Anthony Bernhardt
Warren Byrne, CEO, Foresight Wind
Larry Coben, Chairman and CEO, Tremisis 
Energy Corporation
Bruce Dale, Professor of Chemical 
Engineering, Michigan State Unviersity
Adrian Foley, Chief Business Development 
Officer, AltaRock Energy	
Charles Forsberg, Executive Director for the 
MIT Fuel Cycle Study, Massachusetts Institute 
of Technology
Sigurgeir Bjorn Geirsson, Reykjavik Energy



v

gigaton 
throwdown

Ron Gremban, CalCars
W. Michael Griffin, Executive Director of the 
Green Design Institute and Assistant Research 
Professor, Carnegie Mellon University
Bill Gross, CEO, eSolar
Arno Harris, CEO, Recurrent Power
Sean Hazelett
Eirikur Hjalmarsson, Reykjavik Energy
Holmes Hummel, Policy Specialist, Energy 
and Resources Group, University of California, 
Berkeley
Jim Imbler, CEO, Zeachem
Mark Z. Jacobson, Professor of Civil and 
Environmental Engineering, Stanford 
University
Willett Kempton, Professor, University of 
Delaware
Fred Kittler, Managing Director and Co-
Founder, Firelake Capital Management
Chip Krauskopf, Chromasun
Craig Lewis, Founding Principal, RightCycle 
and FIT Coalition
Adam Liska, Research Assistant Professor, 
University of Nebraska
Karen Margrethe Oxenbøll, Director, 
Sustainability Development, Novozymes
Felix Kramer, Founder, CalCars
Marty Lagod, Managing Director, Firelake 
Capital Management
Peter Le Lievre, Chromasun
Kelsey Lynn, Principal, Firelake Capital 
Management
David Mills, Ausra

Jack Oswald, CEO, Syngest Inc.
Frans Otten, Tendris
R. Martin Roscheisen, CEO, Nanosolar
Ruth Scotti, U.S. Regulatory Affairs Manager, 
BP Biofuels
Michael Skelly, Former Chief Development 
Officer, Horizon Wind Energy
Richard Sears, Visiting Scientist in the MIT 
Energy Initiative
Jigar Shah, Co-founder, SunEdison
Saurin Shah, Senior Vice President, Neuberger 
Berman LLC
Kevin Surace, CEO, Serious Materials
Dick Swanson, CTO, SunPower
Marc Tarpenning, Co-Founder, Tesla Motors
Jeff Tester, Croll Professor of Sustainable 
Energy Systems, Cornell University
Rob Watson, CEO and Chief Scientist, EcoTech 
International
Ryan Waddington, Director, ZBI Ventures
Michael Wang, Senior Scientist, Argonne 
National Laboratory
David Wheeler, Senior Fellow, Center for 
Global Development

Thank You To:
Jeff Anderson, Clean Economy Network
Charles Baron, Google.org
Annie Barton, University of Michigan
Jit Bhattacharya
Jon Bonanno
Sam Borgeson
Michael Borrus

Kevin Cornish
Diane Doucette, Director of the Climate 
Campaign, Environmental Entrepreneurs
Lucas Dunnington
Candice Eggerss, Managing Director, Firelake 
Capital Management
Bob Epstein, Co-Founder, Environmental 
Entrepreneurs
Victoria Fleming
Tim Greeff, Clean Economy Network
Eric Heitz, Energy Foundation
Bob Hemphill
Jim Hurd, GreenScience Exchange
Thomas Kalil, University of California, 
Berkeley
Andy Karsner, Former Assistant Secretary, 
Department of Energy
Anna Halpern-Lande
Thomas Leahy, University of Michigan
Rick Lewis
Jon Mingle
Urvi Parekh, University of California, Berkeley
Spencer Quong
Dan Reicher, Director Climate and Energy 
Initiatives, Google.org
Joel Serface
Rusty Schmit
Katie Suominen, Wharton School
Gregory Theyel
Patrick Von Bargen, Quinn Gillespie
Dan Whaley, Founder and CEO, Climos
Olga Yunak



vi

gigaton 
throwdown

Acknowledgments

Sunil Paul, Founder		   
Claire Tomkins, Director	 	

Academic Partners:			

Dan Kammen, Distinguished Professor 
of Energy, and Director, Renewable and 
Appropriate Energy Lab, University of 
California, Berkeley

Tim Lipman, Co-Director of the 
Transportation Sustainability Research 
Center, University of California, Berkeley

Sabrina Spatari, Assistant Professor, Drexel 
University

Founding Partners:

Raj Atluru, Managing Director, Draper Fisher 
Jurvetson

Andrew Beebe, Managing Director, Energy 
Solutions, Suntech America 

Jesse Fink, Managing Director, MissionPoint 
Capital Partners	

Anup Jacob, Partner, Virgin Green Fund

Dan Kammen, Distinguished Professor 
of Energy, and Director, Renewable and 
Appropriate Energy Lab, University of 
California, Berkeley

Marty Lagod, Managing Director, Firelake 
Capital Management

Sunil Paul, Founding Partner, Spring Ventures

Authors:

Chad Augustine, Massachusetts Institute of 
Technology

Alexia Byrne, University of California, Berkeley

Eric Gimon, University of California, Berkeley

Thomas Goerner, L.E.K. Consulting

Ian Hoffman, University of California, Berkeley

Dan Kammen, University of California, 
Berkeley

Joe Kantner, University of California, Berkeley

Joseph Levin, University of California, Berkeley

Tim Lipman, University of California, Berkeley

Ana Mileva, University of California, Berkeley

Russell Muren, University of California, 
Berkeley

Sunil Paul, Spring Ventures and Gigaton 
Throwdown Initiative

Sabrina Spatari, Drexel University 

Hildigunnur Thorsteinsson, Iceland America 
Energy, Inc.

Claire Danielle Tomkins, Stanford University 
and Gigaton Throwdown Initiative

Contributors 

Jonathan Barr, L.E.K. Consulting

Greg Callman, Full Circle Solutions

Genia Chechersky, L.E.K. Consulting

Casey Cronin, Stanford University

Joanna Gremouti, L.E.K. Consulting

Angelina Kretz, University of Michigan	

Jeff Le Brun, University of Michigan

Geoff Michael, University of Michigan

Pedram Mokrian, Mayfield Fund

Eric Navales, L.E.K. Consulting

Glenn Schatz, United States Naval Academy

Ian Thomson, Founder of CleanTechies.com

Justin Winter

Lyuba Wolf



1

executive 
overview

1

executive
overview

Introduction
Th e Gigaton Th rowdown Initiative Team has 
spent the past 18 months evaluating what it 
would take to scale up clean energy aggressively 
so that it has a major impact on job growth, 
energy independence, and climate change dur-
ing the next 10 years. We now see two possible 
worlds for 2020 and beyond. 

In one world, clean energy markets expand 
dramatically. Private investment in renewable 
energy and energy effi  ciency more than triples, 
revitalizing the economy with green jobs in 
manufacturing, construction, and technology. 
Our energy economy becomes a source of invest-
ment in science, engineering, and technology, 
all of which drive national economic growth. 
Simultaneously, our investments deliver energy 
security and address climate change.

In the other world, clean energy markets remain 
a polite concession to the sustainability move-
ment. Demand for renewable energy grows 
at the modest rate of 7% annually that many 

national agencies forecast. At this growth rate, 
these technologies will meet less than 2% of 
total global energy demand in 2020. Some jobs 
will be created, but the opportunity to build a 
global industry and advance U.S. leadership in 
technology will be lost. Meanwhile, the U.S. will 
remain dependent on imported oil and other 
fossil fuels, and climate change will continue 
unchecked.

Th e pace of innovation and private invest-
ment in clean energy is now making it possi-
ble to envision the fi rst world. On the current 
trajectory, however, we end up in the second. 
Th e U.S. will miss a huge economic opportunity 
and squander the chance to address the climate 
problem and deliver jobs, economic growth, and 
energy security. 

Executive overview
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Gigaton throwdown Initiative

Th e Gigaton Th rowdown Initiative was launched to educate and inspire investors, entrepreneurs, business 

leaders, and policy makers to “think big” and understand what it would take to scale up clean energy mas-

sively over the next 10 years. A unique group from the business community — investors, entrepreneurs, 

and executives — teamed up with leading academics for the throwdown. Th e team investigated what it 

would take to reach gigaton scale for 9 technologies currently attractive to investors. 

To attain gigaton scale, a single technology must reduce annual emissions of carbon dioxide and equiva-

lent greenhouse gases (CO2e) by at least 1 billion metric tons — a gigaton — by 2020. For an electricity 

generation technology, this is equivalent to an installed capacity of 205 gigawatts (GW) of carbon-free 

energy (at 100% capacity) in 2020. 

Th e 9 technologies we analyzed are examples of the potential to scale up clean energy technology: 

• biofuels

• building effi ciency

•  concentrating solar power

• construction materials

• Geothermal

• nuclear

•  plug-in hybrid electric 
vehicles

• solar photovoltaics

• wind

key Findings 
1. Th e clean energy sector is growing rapidly 

but could grow signifi cantly faster and sus-
tain this growth for decades. 

2. An aggressive scale-up is needed for clean 
energy technologies to fulfi ll the promise 
of economic and job growth, energy secu-
rity and independence, and solutions to the 
climate problem. 

3. Clean energy technologies could add 5 million 
direct jobs to the global economy, strengthen 
energy security by reducing dependence on 
foreign oil, and abate more than the total 
carbon dioxide equivalent (CO2e) emissions 
currently projected to be necessary for 2020 
climate stabilization goals.

4. Immediate, stable policies and increased 
investment are needed to support the nec-
essary, aggressive scale up in clean energy. 
Annual private investment must grow by 
more than 3X in the next 10 years to scale 
up renewable energy technologies to meet cli-
mate stabilization goals. Th is level of growth 
is feasible, but policy action is needed imme-
diately to support it. 

5. Sound, stable policy is needed to guide 
investment:

Th e supply chains for clean energy tech-•	
nology take years to ramp up capacity and 
require clear policy signals to attract invest-
ment today. 

Past experience shows that investment in •	
effi  ciency — the cheapest form of energy 
savings — requires policy action.
Stable policy that establishes a meaningful •	
price on carbon is the single most impor-
tant action that will encourage investment 
across the clean energy sector and ensure 
that capital fl ows to the most cost-eff ec-
tive technologies. Although clean energy is 
already providing solutions and attracting 
signifi cant investment — private invest-
ment totaled more than $450 billion during 
the past 5 years with $135 billion invested 
in 2008 — a large amount of private capi-
tal remains on the sidelines or is currently 
diverted to supply fossil fuel energy. 

Gigaton Scale is 
Attainable in the 
Next 10 years
We found that 8 of the 9 clean energy technolo-
gies we analyzed can each feasibly reach gigaton 
scale in the next decade. Together they would 
abate a total of more than 8 gigatons of dioxide 
equivalent (CO2e) emissions in 2020. Of these 9 
technologies, 7 are ready to scale up aggressively 
today: building effi  ciency, concentrating solar 
power, construction materials, nuclear, biofu-
els, solar photovoltaics, and wind. One tech-
nology, geothermal, needs an intense period 
of research, development, and deployment of 
pilot plants for new enhanced geothermal sys-
tems (EGS) in order to reach gigaton scale. Com-
bined, these 8 technologies can meet more than 
60% of new global energy demand during the 
next 10 years with reliable, clean, low-carbon 
sources.

Although continued investment in plug-in hybrid 
electric vehicles (PHEVs) is important for emis-
sions reductions beyond 2020, achieving growth 
in PHEVs suffi  cient to reach the gigaton target 
faces serious challenges. To reach the gigaton 
goal, the industry would need an estimated 
300 million PHEVs on the road in 2020. Th is 
is equivalent to the total number of new cars 
to be added to the fl eet worldwide in the next 
10 years. Although this might be feasible tech-
nically, the disruption to current operations, 
junking of existing vehicles, and sheer amount 
of capital needed for this transition make this 
pathway infeasible by 2020 in the estimation of 
the Gigaton Th rowdown Team. Th erefore, we do 
not include PHEVs in our gigaton projections.

One of the technologies, wind, is already grow-
ing fast enough to achieve gigaton scale by 
2020. Th e wind industry has been growing at 
an annual rate of 28% over the past decade and 
will soon reach 150 gigawatts (GW) of installed 
capacity globally. At currently projected growth 
rates, it will exceed half a terawatt (TW) of 
installed capacity by 2020 and deliver close 
to 1.5 gigatons of CO2e emissions reductions. 
Building effi  ciency technologies, solar, biofuels, 
and nuclear have all been tested and deployed 
and can scale more rapidly than their current 
projections. Th ese are not laboratory curiosi-
ties. Th ey are active technologies that are sup-
plying power in multiple markets. With sound 
policy support, they will do much more. 

In addition to the technologies analyzed in this 
report, others, from carbon dioxide sequestra-
tion to novel enzymes, to fuel-switching have 
the potential to achieve gigaton scale. With the 
right policies, many other businesses that have 
gigaton-scale ambitions can fl ourish. 

Gigaton-Scale Clean 
Energy Can Drive 
Economic Growth and 
Create millions of Jobs
Growth in clean energy is already stimulat-
ing regional U.S. economies and adding manu-
facturing, construction, and technology jobs. 

JobS: Number of Jobs Created to Supply 60% of Projected New Annual Energy Demand in 2020

fiGure 1. expanding these 8 clean energy technologies to gigaton scale to meet new energy demand would create close to 4.5 million direct jobs, compared to 
fewer than 3 million under current projections. both projections (current and gigaton) show jobs created for the same amount of energy (55 quads in 2020, which is 
approximately 60% of new global annual energy demand). under current projections, the majority of new energy demand is met by fossil-fuel-based generation and 
adds signifi cantly fewer jobs. Source of jobs data: Engel and kammen, 2009.1  

* Wind is currently projected to exceed gigaton scale and add approximately half a million direct jobs.
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Clean energy has the potential to add several 
million new jobs over the next 10 years.2

Th e ethanol industry, for example, has cre-
ated tens of thousands of jobs across the U.S., 
in Nebraska, Iowa, Illinois, and Michigan. In 
2004, ethanol production generated more than 
150,000 jobs. For every billion gallons of pro-
duction, the industry adds between 10,000 and 
20,000 new jobs in the U.S. Th is sector alone 
has the potential to create 1 million jobs in the 
next 10 years.

Other renewable-energy technologies are also 
strong jobs providers. Wind-industry jobs in the 
U.S. took off  in 2006 and grew until late 2008 
when the credit crisis struck and stalled wind 

developments. Industry-wide, wind energy 
employment is at 85,000, with 35,000 jobs 
added in the past year. A third sector — build-
ing effi  ciency — has the potential to add jobs 
in all 50 states. Based on past increases in jobs 
attributable to the building effi  ciency sector 
in California, for each 1% annual gain in effi  -
ciency, approximately 400,000 jobs are created. 
Similarly, the solar installation and utility busi-
ness has added substantial numbers of jobs in a 
number of states, including Arizona, California, 
Nevada, and New York. 

Clean energy sectors are typically more labor 
intensive than traditional fossil-based sectors, 
so gigaton-scale deployment would accelerate 
job growth around the world. Figure 1 shows 

emissions from the global energy sector by an 
estimated 5 to 7 gigatons of CO2e in 2020. Scal-
ing the 8 feasible technologies by 2020 would 
more than meet this climate stabilization tar-
get (See Figure 2). Given that several technolo-
gies have the potential to deliver more than 1 
gigaton of CO2e reduction, the 450 ppm climate 
stabilization goal looks well within reach.

Gigaton-Scale Clean 
Energy Can help Ensure 
Energy Independence 
and Security 
Scaling up clean energy technologies to avoid 
1 gigaton of CO2e emissions has major impli-
cations for U.S. national security by reducing 
dependence on foreign oil as well as mitigating 

climate change and the associated social insta-
bility. 

Reduced oil use through effi  ciency measures 
and scale-up of biofuels, for example, can put 
the U.S. on a pathway to energy independence. 
Th e U.S. imports a majority of the oil it uses, 
much of which comes from politically unstable 
regions. In February 2009, the U.S. consumed 
524 million barrels of oil, of which it imported 
60%. In periods of higher demand, imports 
account for an even greater percentage of con-
sumption. A gigaton scale-up of biofuel produc-
tion can reduce U.S. reliance on oil imports by 
as much as 25% in the next 10 years (See Fig-
ure 3). Distributed energy resources, e.g., small 
solar and wind installations, can also enhance 
energy security by reducing vulnerability to 

major power disruptions whether from oil 
shortages, natural causes, or terrorism.

Oil is currently such an essential ingredient 
in the U.S. economy that without it the nation 
would come to a virtual standstill. Th e depen-
dence on oil leaves the U.S. vulnerable to price 
shocks when supply constricts, and sudden price 
increases harm consumers and can destabilize 
the economy. Even without price shocks, U.S. 
citizens pay for the costs of government and 
military activities to protect U.S. oil interests 
abroad. Th e nation is vulnerable to all disrup-
tions in its supply, whether from piracy, terror-
ist attacks, or acts of war at key choke points 
for oil processing and transportation. In light 
of these vulnerabilities, the 2007 Energy Inde-
pendence & Security Act recognized a decrease 
in oil dependence as a clear security objective. 

the jobs created, over the next decade, by the 8 
feasible technologies analyzed in this report. 

Gigaton-Scale Clean 
Energy Can meet 2020 
Climate Stabilization 
targets
In early 2009, both the Intergovernmental 
Panel on Climate Change (IPCC) and McKin-
sey reported that signifi cant emissions cuts are 
needed in the next 10 years if the world is to 
have a chance of stabilizing the climate.3,4 For 
the stabilization target of 450 parts per million 
(ppm) of CO2e that is the focus of current U.S. 
legislative discussion, this amounts to reducing 

ClImAtE ChANGE: Annual Avoided Co
2
e Emissions from Clean Energy technologies 

fiGure 2. at gigaton scale, these 8 technologies could provide co2e reductions in excess of the 5 to 7 gigatons needed to hit 2020 climate stabilization targets, 
compared to the current projections that show these technologies falling short.5 under current projections, these 8 technologies abate close to 3.5 gigatons of Co2e, 
with the bulk of the contribution from one technology, wind. (See report chapters for details on the current projections for each technology.)

* Wind is currently projected to exceed gigaton scale and abate 1.5 gigatons of Co2e.
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524 million barrels of oil, of which it imported 
60%. In periods of higher demand, imports 
account for an even greater percentage of con-
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tion can reduce U.S. reliance on oil imports by 
as much as 25% in the next 10 years (See Fig-
ure 3). Distributed energy resources, e.g., small 
solar and wind installations, can also enhance 
energy security by reducing vulnerability to 
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Oil is currently such an essential ingredient 
in the U.S. economy that without it the nation 
would come to a virtual standstill. Th e depen-
dence on oil leaves the U.S. vulnerable to price 
shocks when supply constricts, and sudden price 
increases harm consumers and can destabilize 
the economy. Even without price shocks, U.S. 
citizens pay for the costs of government and 
military activities to protect U.S. oil interests 
abroad. Th e nation is vulnerable to all disrup-
tions in its supply, whether from piracy, terror-
ist attacks, or acts of war at key choke points 
for oil processing and transportation. In light 
of these vulnerabilities, the 2007 Energy Inde-
pendence & Security Act recognized a decrease 
in oil dependence as a clear security objective. 
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needed in the next 10 years if the world is to 
have a chance of stabilizing the climate.3,4 For 
the stabilization target of 450 parts per million 
(ppm) of CO2e that is the focus of current U.S. 
legislative discussion, this amounts to reducing 
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fiGure 2. at gigaton scale, these 8 technologies could provide co2e reductions in excess of the 5 to 7 gigatons needed to hit 2020 climate stabilization targets, 
compared to the current projections that show these technologies falling short.5 under current projections, these 8 technologies abate close to 3.5 gigatons of Co2e, 
with the bulk of the contribution from one technology, wind. (See report chapters for details on the current projections for each technology.)
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Climate change is the second threat to U.S. secu-
rity that is addressed by scale-up of clean energy. 
Climate change poses a severe threat to global 
stability, with both direct and indirect impli-
cations for U.S. security. Unchecked, climate 
change is likely to create refugee crises world-
wide as large populations are displaced by rising 
sea levels, increasingly intense storm patterns, 
prolonged drought, and resource scarcity lead-
ing to intense struggles for water and food and 
contributing to social instability. Confl ict, loss 
of human life, and disruptions in trade could all 
have a signifi cant impact on the U.S. Th e nation 
risks both needing to mount a humanitarian 
response and being drawn into confl ict in order 
to protect national interests abroad as instabili-
ties develop. 

Gigaton-Scale Clean 
Energy Requires a 3X 
Expansion in the Current 
Rate of Investment
Deploying all 8 of the feasible gigaton-scale 
technologies in this report would require a sig-
nifi cant increase in worldwide investment to 
$500 to $800 billion per year. At this scale, 
clean energy investments would be in line with 
fossil-fuel investments. Current global invest-
ment plans for maintaining and expanding 
energy infrastructure are on the order of $13 
trillion globally over the next 10 years. In the 
U.S. alone, current planned investment is pro-
jected to be close to $1 trillion. 

Shifting investment to the clean energy sec-
tor will not only benefi t jobs, energy security, 
and climate change, but will create a new global 
industry. Twenty years ago, the U.S. had an 
information technology (IT) sector and a tiny 
internet and mobile phone sector. Th e nation 
developed these sectors by investing in tech-
nology and creating a marketplace where it 
could prosper. Th e IT sector has been propelled 
by more than $680 billion in direct investment 
in wired and wireless infrastructure between 
1997 and 2008. Facilitated by stable and sup-
portive government policy, this trillion-dollar 
sector now employs more than 1 million peo-
ple directly in the U.S. and supports millions of 
additional service jobs. Th e investment oppor-

tunity in clean energy is much larger given the 
more than $4-trillion energy market.

Th e 8 renewable energy technologies that this 
study fi nds can feasibly achieve gigaton scale 
represent an investment opportunity of more 
than $8 trillion over the next 10 years, as 
shown in Figure 4. At this scale, clean energy 
— including effi  ciency improvements — would 
meet close to 60% of new global energy capacity 
requirements by 2020. Th e magnitude of invest-
ment needed to achieve gigaton scale varies by 
technology. Th e most capital-intensive technol-
ogy we analyzed was PHEVs. Th e least capital-
intensive technologies capable of gigaton scale 
include building effi  ciency, construction materi-
als, and biofuels. Of particular note, the capital 
intensity of the building effi  ciency gigaton-scale 
pathway is 10 times less than for any of the gen-
eration pathways. 

Expansion of clean energy in the develop-
ing world could benefi t from accelerated U.S. 
investment to scale technology. Th e promise 
of inexpensive electricity and fuels has already 
encouraged venture capitalists in the U.S. to 
fund hundreds of clean energy start-ups; some 
of these companies could scale up over the com-
ing decade to become large global suppliers. If 
the U.S. creates large, well-structured mar-
kets at home, these companies can continue to 
advance their technologies and reduce costs so 
that they can compete with fossil fuels even in 
the developing world.

Policy Action is Needed 
to Achieve Gigaton-Scale 
Clean Energy
To support the potential of gigaton-scale clean 
energy, the U.S. must enact and sustain poli-

INvEStmENt: Global Annual Investment to Scale up Clean Energy technologies

fiGure 4. private investment needs to accelerate by 3x for technologies to achieve gigaton scale over the next 10 years. the cumulative 10-year investment for 
gigaton scale-up of all 8 feasible technologies is $8.41 trillion, compared to currently projected investments in these technologies of $3.67 trillion. In 2020, annual 
investment levels reach $2 trillion (compared to $135 billion today), indicating a signifi cant market opportunity. 

* Wind is currently projected to exceed gigaton scale and attract $1.38 trillion in investment.
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Novozymes
Setting out an ambitious but achievable goal 
has a way of sparking creativity and new ways 
to solve a problem. Novozymes, an industrial 
biotechnology company, is an example of that 
creativity. 

“We have set out as a corporate objective to 
enable our customers to reduce their CO2 emis-
sions by 75 million tons by 2015 through the 
application of our products,” says CEO Steen 
Riisgaard.

Novozymes’ carbon reductions come from the 
use of enzymes. “Enzymes are nature’s engines 
of effi  ciency,” says Riisgaard, “We apply them 
to industrial processes to increase effi  ciency 
and reduce greenhouse gases as well.” 

Novozymes sells more than 700 types of 
enzymes and microorganisms to the nearly 
$3 billion enzyme market. Th e company is one 
of the largest biotechnology and enzyme com-
panies in the world with revenue of $1.5 bil-
lion in 2008.

Th e types of products Novozymes sells are 
as wide ranging as the industries they ser-
vice. Paper pulp processing is only one exam-
ple of the 40 diff erent industries Novozymes 
serves. Less than half a kilogram of a partic-
ular enzyme can separate the fi bers of more 
than 1 ton of wood pulp, saving energy and 
CO2. If all thermo-mechanical pulp used this 
enzyme, the industry could eliminate 3 mega-
tons of CO2e per year.

Serious materials
Two of the technology pathways reviewed in 
this report achieve signifi cant CO2e reduc-
tions by focusing on the built environment 
– building effi  ciency and construction mate-
rials. California-based Serious Materials, with 
manufacturing facilities across the U.S., rec-
ognizes both the immense business opportu-
nity and potential environmental and social 
benefi ts of these two sectors.

CEO Kevin Surace observes, “Th e opportunity 
here is immense. Many building materials and 
technologies have not seen any innovation in 
the last century.” 

Serious Materials currently focuses on improv-
ing windows and drywall for energy effi  ciency, 
thereby reducing carbon emissions in two 
main ways: by developing and manufacturing 
building materials that are less energy inten-
sive to make, which reduces up-front carbon 
emissions compared to other products by up to 
80%, and by improving operating energy effi  -
ciency for buildings, thus continuing to reduce 
carbon emissions by up to 50% or more during 
a building’s lifetime. 

“Indeed, the environmental benefi ts of energy- 
effi  cient building materials are quite compel-
ling, but the fact is that energy effi  ciency saves 
consumers money on their electricity bills and 
creates new domestic manufacturing jobs,” says 
Surace. “We believe that scaling up our opera-
tions to reduce a gigaton of carbon emissions is 
not only feasible but can help the U.S. take the 
lead in an important and growing sector.”

SPotlIGht: Companies with Gigaton Goals
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sea levels, increasingly intense storm patterns, 
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trillion globally over the next 10 years. In the 
U.S. alone, current planned investment is pro-
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sector now employs more than 1 million peo-
ple directly in the U.S. and supports millions of 
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more than $4-trillion energy market.
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— including effi  ciency improvements — would 
meet close to 60% of new global energy capacity 
requirements by 2020. Th e magnitude of invest-
ment needed to achieve gigaton scale varies by 
technology. Th e most capital-intensive technol-
ogy we analyzed was PHEVs. Th e least capital-
intensive technologies capable of gigaton scale 
include building effi  ciency, construction materi-
als, and biofuels. Of particular note, the capital 
intensity of the building effi  ciency gigaton-scale 
pathway is 10 times less than for any of the gen-
eration pathways. 

Expansion of clean energy in the develop-
ing world could benefi t from accelerated U.S. 
investment to scale technology. Th e promise 
of inexpensive electricity and fuels has already 
encouraged venture capitalists in the U.S. to 
fund hundreds of clean energy start-ups; some 
of these companies could scale up over the com-
ing decade to become large global suppliers. If 
the U.S. creates large, well-structured mar-
kets at home, these companies can continue to 
advance their technologies and reduce costs so 
that they can compete with fossil fuels even in 
the developing world.

Policy Action is Needed 
to Achieve Gigaton-Scale 
Clean Energy
To support the potential of gigaton-scale clean 
energy, the U.S. must enact and sustain poli-

INvEStmENt: Global Annual Investment to Scale up Clean Energy technologies

fiGure 4. private investment needs to accelerate by 3x for technologies to achieve gigaton scale over the next 10 years. the cumulative 10-year investment for 
gigaton scale-up of all 8 feasible technologies is $8.41 trillion, compared to currently projected investments in these technologies of $3.67 trillion. In 2020, annual 
investment levels reach $2 trillion (compared to $135 billion today), indicating a signifi cant market opportunity. 

* Wind is currently projected to exceed gigaton scale and attract $1.38 trillion in investment.
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emissions compared to other products by up to 
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effi  cient building materials are quite compel-
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cies to catalyze private investment, expand 
markets, and align incentives to produce soci-
ety-wide benefi ts. Current policy does not take 
into account the negative eff ects of fossil-fuel-
based energy use, nor does it motivate effi  cient 
energy use. 

Th e three categories of policy important to 
achieving gigaton scale are: fi nancial incen-
tives, regulatory structure, and infrastructure 
development. In addition, the U.S. government 
should continue support for research and devel-
opment (R&D) and lead the international com-
munity to create a global policy framework.

Policies must be stable if renewable energy tech-
nologies are to achieve gigaton scale. A carbon 
policy, for example, will not attract investment 
capital if the policy is subject to political manip-
ulation in the short term or risks being revoked 
by a future congress or administration. No mat-
ter how robust a policy, investors are reluctant 
to bet on the staying power of a single policy 
by a single government because a shift in that 
policy can be catastrophic. Th e revoking of wind 
subsidies by California in the early 1990s, for 
example, caused the bankruptcy of almost every 
wind turbine start-up company in the U.S. and 
many around the world. Th e U.S. is no longer 
the world leader in wind technology largely as a 
result of such unstable policies. In short, unpre-
dictable policy causes capital to fl ee; investors 
avoid categories of risk that they can’t predict 
or understand. Investors and entrepreneurs are 
accustomed to analyzing uncertainty based on 
markets but are wary of uncertainty based on 
politics. 

Financial Incentives
Carbon policy.•  Th e single most important 
policy needed to support gigaton scale is a 

carbon pricing regime. A meaningful price 
on carbon emissions will drive investment 
into supply chains and spur innovation. Th e 
timing of this action is critical. It is needed 
now. Investment will lag the increase in 
potential market size. Supply chain ramp-
up is particularly time sensitive. It can 
take 3 to 5 years for market opportunity 
to fl ow through to capacity investment, so 
the right signals must be given to private 
investors today if clean energy technolo-
gies are to achieve gigaton scale by 2020. 
Many innovations that could result in fast, 
cost-eff ective paths to gigaton scale will 
emerge rapidly with appropriate policies 
and investment.

Loan guarantees, early deployment, and • 
tax credits. Th ese fi nancial policies are 
important for the short term both because 
of the current shortage of capital and 
because of the special role of capital for 
clean energy. Th e cost of capital has a bigger 
impact on the price of clean energy sources 
than on the price of fossil-fuel sources. In 
general, clean energy has higher up-front 
costs and lower operating costs than tra-
ditional energy sources, and the “fuel” for 
clean energy is typically a free (renewable) 
source (e.g., sunshine or wind). Higher up-
front costs make clean energy more sensi-
tive to fi nancing costs. Traditional lenders 
need examples of successful renewable 
energy plants operating at scale to pro-
vide favorable rates comparable to what is 
off ered to fossil-fuel industries. Eventually 
these fi nancial incentive programs can be 
phased out as clean energy ramps up and 
becomes more mainstream. 

Government purchasing.•  Th e government 
can be the market maker for early technolo-
gies as it has successfully done in the past. 
For example, federal purchases of build-
ings certifi ed by Leadership in Energy and 
Environmental Design (LEED) helped pave 
the way for expansion of energy-effi  cient 
buildings.

Support for early scaling eff orts.•  A num-
ber of issues need to be resolved when 
a utility switches to a renewable energy 
source, including integration related to 
the timing of power supplies because many 
renewable resources produce electricity 
intermittently. Government should fund 
utility-scale pilot projects to test higher 
penetration of renewables. 

Regulatory Policy
Decoupling.•  Most utilities are regulated in 
a way that couples revenues and earnings. 
Th is gives utilities an incentive to increase 
the volume of electricity sales, which simul-
taneously increases revenues and earnings. 
In other words, regulation in this case dis-
suades utilities from pursuing or promot-
ing effi  ciency. Th is is one of a set of market 
failures associated with overconsumption 
of energy in buildings. Decoupling of rev-
enues and earnings for California utilities 
has enabled those utilities to increase sup-
port of effi  ciency programs.

Renewable Electricity Standards (RESs).•  
Requiring a utility to incorporate a mini-
mum amount of renewable energy into its 
electricity mix guarantees a market for 
clean energy, which in turn stimulates 
investment. RESs are already in place in 
49 jurisdictions (countries and U.S. states) 

around the world, but our fi ndings indicate 
that more aggressive standards are needed 
to facilitate gigaton scale.

Fuel standards.•  Standards and minimum 
production levels for low-carbon fuels 
can play an important role in reducing oil 
dependence and addressing climate change. 
Th ese fuels are not necessarily more expen-
sive, but without standards there is limited 
incentive for investment in new fuel infra-
structure. 

Effi  ciency standards.•  As illustrated in the 
McKinsey 2007 report, effi  ciency is the 
lowest-cost pathway to energy and car-
bon savings.6 Because developers are not 
responsible for a building’s utility pay-
ments, and car owners don’t own vehicles 
long enough to benefi t from higher mile-
age, these market participants have lim-
ited incentive to surpass current standards. 
Energy-effi  ciency upgrades in buildings are 
often inexpensive but may require training 
and restructuring on the part of industry. 
Effi  ciency standards can align incentives to 
help surmount these obstacles. New build-
ing standards can encourage fast-payback 
upgrades, and vehicle effi  ciency standards 
are a proven way to reduce energy depen-
dence and limit CO2e emissions. Regulatory 
intervention is needed to align incentives 
in the buildings and vehicle sectors.

Demand-side management support.•  Man-
aging when consumers use electricity, not 
just the quantity they use, is an impor-
tant step to improving market function-
ing. Giving consumers options to shift the 
timing of their power consumption can 
relieve peak demand and lower electricity 

system expenses. Power costs more to pro-
duce during peak-use times. With modern 
information technology, it is possible to use 
price signals to shift consumption. As an 
example, time-of-use pricing gives consum-
ers a true price signal so that they can opt 
to shift power consumption to lower-cost 
(non-peak) times. Employing time-of-use 
rates would open up a much larger market 
for technologies that provide intermittent 
or peak power such as wind and solar. 

Infrastructure Policy
Transmission regulation.•  Electricity grid 
enhancement will support all of the giga-
ton-scale generation technologies. Both 
long-haul transmission and local grids 
need enhancement. Prime renewable 
energy resources (wind, solar, geother-
mal, and biofuels) are mostly located in 
areas not connected to the grid; therefore, 
investment in infrastructure is needed to 
bring them to the power transmission 
network. Infrastructure build-out will 
enable long-distance electricity trans-
mission that taps inexpensive sources of 
clean power. Investment is also required 
to improve grid intelligence. “Smart grid” 
enhancements enable distributed sources 
of power like rooftop solar, fuel cells, and 
small-scale wind and make the grid more 
efficient and resilient. The cost of grid 
enhancement is small compared to the 
cost of new generation capacity.

R&D and Education
Th e energy crisis of the 1970s sparked clean 
energy R&D in the U.S. and other coun-
tries. Many of the innovations developed and 
enhanced during that era are just now reaching 
utility scale. Future innovations can move more 

quickly to market with appropriate policies. 
Moreover, emissions cuts beyond the gigaton 
target will be necessary after the year 2020; 
continued R&D can smooth the way to those 
reductions and reduce their cost. R&D fund-
ing also supports training for the technicians, 
engineers, and scientists necessary to acceler-
ate scaling of energy technology.

All of the gigaton-scale technologies produce 
jobs. In some categories, such as nuclear and 
solar, the Gigaton Th rowdown Team identifi ed 
a shortage of trained personnel, which might 
constrain gigaton-scale expansion. Govern-
ment support of training and education can be 
a major help in providing the human resources 
necessary to scale up clean energy aggres-
sively.

International Engagement
Th e bulk of growth in energy demand is 
occurring in countries outside the Organiza-
tion for Economic Cooperation and Develop-
ment (OECD), with more than 40% coming 
from China alone. Th e technology choices that 
OECD countries make will determine global 
energy markets and signifi cantly aff ect future 
global CO2e emissions. U.S. policy engagement 
and technology innovation can infl uence these 
choices. U.S. leadership can also ensure the com-
petitiveness of innovative clean energy compa-
nies as they expand beyond the U.S. and OECD 
markets. First, the U.S. can serve as a receptive 
market to reduce the cost of these new tech-
nologies. Second, the U.S. can encourage adop-
tion of similar policies in the developing world 
and other countries. Creation of a global car-
bon market would expand the opportunity for 
U.S. businesses that develop their technologies 
under a U.S. carbon regime.
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Pathway Findings
biofuels

biofuels can achieve gigaton scale by 2020 • 

for an investment of $383 billion, creating 

394 thousand direct new jobs and enhanc-

ing energy security by displacing foreign oil 

imports.

Corn ethanol cannot deliver 1 gigaton of • 

Co
2
e reductions because of massive land-

use requirements; next-generation biofu-

els (e.g., cellulosic ethanol) can scale to 1 

gigaton.

biofuels are widely seen as a low-cost • 

and rapidly deployable alternative for the 

transportation sector.

building Effi ciency
building effi ciency can achieve gigaton • 

scale by 2020 for an investment of $61 bil-

lion, creating 681 thousand direct new jobs.

building effi ciency is the lowest-cost • 

pathway (of the 9 in this report) to achieve 

1-gigaton Co
2
e reduction by 2020. 

New energy-effi cient building designs show • 

little to no up-front cost and more than 

30% energy savings.

Concentrating Solar Power
Concentrating solar power can achieve • 

gigaton scale by 2020 for an investment of 

$2.24 trillion, creating 484 thousand direct 

new jobs.

Solar resources are abundant in the u.S. • 

and globally to meet new energy demand, 

and concentrating solar power is ideally 

situated to remote, high-insolation des-

ert areas, so new transmission build-out 

is needed to bring CSP to high-population 

areas.

Solar thermal systems with storage can pro-• 

vide consistent power and thus are attrac-

tive relative to intermittent power sources, 

e.g., solar photovoltaics and wind. 

tested technology has been supplying cost-• 

competitive solar thermal power in south-

ern California for the past 20 years.

Construction materials
Construction materials can achieve gigaton • 

scale by 2020 for an investment of $445 

billion, creating 328 thousand direct new 

jobs.*

multiple gigaton-scale pathways exist in the • 

construction materials sector; the biggest 

single opportunity for Co
2
e reduction is low-

carbon cement.

No single country’s building sector can • 

achieve gigaton scale alone, with the pos-

sible exception of China if that country 

shifted to low-carbon cement production.

*  Jobs and investment numbers based on trans-

formation of the cement industry.

Geothermal
Geothermal can achieve gigaton scale • 

by 2020 – contingent on development of 

Enhanced Geothermal Systems (EGS) – for 

an investment of $919 billion, creating 448 

thousand new jobs.

EGS development will require an estimated • 

$1 billion in R&D to be market ready. 

major areas for technology support include • 

transmission, drilling, reservoir stimulation, 

downhole pumps, energy conversion, and 

exploration.

Geothermal will ramp slowly; each project • 

requires roughly 5-7 years.

Nuclear
Nuclear can increase by gigaton scale by • 

2020 for an investment of $1.27 trilllion, 

creating 269 thousand direct new jobs; this 

pathway faces major build out challenges. 

Nuclear power already displaces more than • 

1 gigaton of Co
2
e annually.

major technical challenges to scaling nu-• 

clear include rapid expansion of the supply 

chain, including the build-out of large steel 

forges, and expansion of the workforce.

Concerns surrounding weapons prolifera-• 

tion, waste disposal, and safety make nucle-

ar uniquely challenging.

Plug-In hybrid Electric vehicles
PhEvs cannot achieve gigaton scale by • 

2020; starting in 2010, every new car 

would have to be a PhEv to meet the giga-

ton goal by 2020, making this pathway all 

but impossible. 

An aggressive scale-up to 5 million PhEvs • 

would create more than 204 thousand jobs 

in the battery industry, for an investment of 

$1.9 trillion. 

Innovations that reduce the cost of batteries • 

and of vehicle retrofi ts would have a major 

impact on this pathway, as would business 

models to fi nance up-front costs of vehicles. 

the vehicle sector in general is by far the • 

most capital-intensive sector of those ex-

amined in this report; it is also a source of 

major job creation.

Solar Pv 
Solar Pv can achieve gigaton scale by 2020 • 

for an investment of $1.71 trillion, creating 

1.63 million direct new jobs and enhancing 

energy security through distributed power 

generation. 

At current growth rates solar Pv is on track • 

to abate half a gigaton Co
2
e by 2020 and 

be cost competitive with current electricity 

prices within the next 5 years.

Solar Pv is already price competitive for • 

peak power rates in a number of markets.

Successful policies, grid integration, and • 

storage are critical to scaling Pv.

Wind
Wind is on a pathway to exceed gigaton • 

scale by 2020 and attract $1.38 trillion in 

investment, creating 452 thousand direct 

new jobs.

Current projections show wind delivering • 

close to 1.5 gigatons of Co
2
e reductions in 

2020.

there is enough wind resource available for • 

more than 4 times projected annual global 

energy consumption in 2010.
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