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World Energy Supply and
the Role of Renewable Enerqgy

2030

Renewables

2004 14%
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22%
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14%

Nuclear

60%

Increase in
energy consumption

Source: IEA/OECD, World Energy Outlook 2007
Table: Reference Scenario: World, p. 592



U.S. Energy Consumption and the
Role of Renewable Energy
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Source: Energy Information Administration,
Annual Energy Outlook 2006, Table D4



What Are the Major Renewables?

U.S. Electricity Net Generation

All Fuels

Other Gases

0.4%
udear 7 .. Renewables
Natural Gas 19.5% -.h\'ul Hﬂ'l;’ﬂ;l:;;s
% N7 Geothermal
20% Hydropower Vgl 2 E;'““ Wind Solar/PV
71% ¥ 5% 279 0.5%

Renewables (non-hydro) 2.494
Petroleum 1.5% !

Biomass

37%

Net generation for 2006
Source: EIA Annual Energy Review 2007



U.S. Renewable Energy Contributions

3% — Percent of Total Electric Generating Capacity
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Global New Investment in Clean Energy

$148.4bn
60%
Growt
58%

Gro""t $92.6bn
| 76%
Growt

$58.7bn
$33.4bn
2004 2005 2006 2007

Source: New Energy Finance, IMF WEO Database, IEA WEO 2007,
Boeing 2006 Annual Report

Adjusted for reinvestment. Geared re-investment assumes a 1 year lag
between VC/PE/Public Markets funds raised and re-investment in projects.

1% of global fixed
asset investment

10.5% of global
energy industry
Infrastructure
Investment

2.5 times the size
of commercial
aircraft investment
sector



Global Renewable Electricity Capacity

Developing World, EU, and Top Six Countries, 2006

Note: excludes large hydropower
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Source: REN21 2007 Global Status Report




U.S. Renewable Electricity Capacity
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Installed Nameplate
Sources: Chalk, AWEA, IEA, NREL, EIA, GEA



Technology Development Programs
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Innovation—Past Investments Have
Dramatically Reduced Costs
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Wind

Today’s Status in U.S.
* 16,850 MW installed at end of 2007
o Cost 6-9¢/kWh at good wind sites*

DOE Cost Goals

e 3.6¢/kWh, onshore at low wind sites
by 2012

o 7¢/KWh, offshore in shallow water by
2014

Long Term Potential
o 20% of the nation’s electricity supply

NREL Research Thrusts

* |Improved performance and reliability
« Advanced rotor development

o Utility grid integration

* With no Production Tax Credit
Updated March 12, 2008
Source: U.S. Department of Energy, American Wind Energy Association



Photovoltaics and
Concentrating Solar Power

Status in U.S.

PV
e 824 MW
e Cost 18-23¢/kWh

CSP
419 MW
» Cost 12¢/kWh

NREL Research

Thrusts:
Potential:
otentia PV 4
PV « Partnering with industry

 11-18¢/kWh by 2010 « Higher efficiency devices
e 5-10 ¢/kWh by 2015  New nanomaterials applications
* Advanced manufacturing techniques

CSP
8.5 ¢/kWh by 2010 CSP
6 ¢/kWh by 2015 * High performance, low cost storage for baseload markets

« Advanced absorbers, reflectors, and heat transfer fluids

* Next generation solar concentrators

Source: U.S. Department of Energy, IEA
Updated January 28, 2008



Biofuels

Current Biofuels Status
» Biodiesel — 165 companies; 1.85 billion gallons/yr capacity*
e Corn ethanol
» 134 commercial plants?
e 7.2 billion gallyr. capacity? g
« Additional 6.2 billion gal/yr planned or under constructionga
* Cellulosic ethanol (current technology)
* Projected commercial cost ~$3.50/gge

Key DOE Goals
e 2012 goal: cellulosic ethanol $1.31/ETOH gallon or ~$1.96/gge

e 2022 goal: 36B gal Renewable Fuel; 21B gal “Advanced Renewable
Fuel’-— 2007 Energy Independence and Security Act

» 2030 goal: 60 billion gal ethanol (30% of 2004 gasoline)

NREL Research Thrusts

» The biorefinery and cellulosic ethanol

» Solutions to under-utilized waste residues
* Energy crops

Updated February 2008
Sources: 1- National Biodiesel Board
2 - Renewable Fuels Association, all other information based on DOE and USDA sources




Accelerating Progress

Basic Research Driven

Revolutionary
(10 years and beyond)

Systems
. Perspective
Industry Driven ReslY

Accelerated Disruptive

EVOI[IIFi_-'{_i nare. (3—10years)



State Policy Framework

Renewable Portfolio Standards

Vermont:
Washington: 15%  Montana: 15% by 2015 Minnesota: 25% by 2025  Illinois: 25% by 2025 RE meets load
by 2020 Xcel: 30% by 2020 . wth by 2012
4 Morth Dakota: Imnfa*m by ) <+ New York: gro y
10% by 2015 105 MW Wisconsin: varies; 24%by 2013

Maine:
30% by 2000
10% by 2017
new RE

.7 NH: 23.8%
by 2025

10% by 2015

)“.~h .
-
. ” 3
MA: 4% by 2009
( + 1% annual increase
’ RI: 16% by 2020

Oregon: e
25% by 2025 .
.
. .
L

7+ Nevada: 20% ' _
- b:;?:nas . - . ‘ % NY: 24% by 2013
’ CT: 23% by 2010
California: MJ: 22.5% by 2022
20% by 2010 £.5 MD: 9.5% by 2019
7+ DE: 20% by 2019
< Arizona: £+ DC:11% by 2022
15%by2025
- i New Mexico: g Missouri: i PA: 18% by 2020
’ 20% by 2020 exas: .
- > 5,880 MW 11% by 2020 VA: 12% by 2022
P Hawail: 20% by 2020+ Colorado: 20% by 2020 %Y 2073 North Carolina:
12.5% by 2021
| 30 5tates
B State Goal

Source: DSIRE database, October 2007 % Minimum solar or customer-sited requirement




Technology Transfer

Tandem Solar Cell e Strategy focuses on fast
transaction speed, transparency,
being venture-capital friendly,
enhancing the value of intellectual
property (IP), and broad value
proposition

* Intellectual property attracts
partners that move technology
toward commercialization

e Industry Growth Forum joins
Investors and entrepreneurs

« NREL has a portfolio of 278
patents, copyrights, and
trademarks; and 47 active licenses

Exit
Advanced Vehicle Simulator

©

Vehicle'Systetti Model




Growing the Industry

20th NREL Industry Growth Forum
Flnancmg the Path to a Clean Energy Future
* Denver, Colorado ¢ November 6-8, 2007

.-'— 1
Forum | =
Feedback

Apply to
Present

Sponsorship |
Cpportunities

Hotel &
Reqgistration

19th Forum
Proceedings g

Application to Present

Applicant Information

. The National Renewable Energy Laboratory's (NREL)
. 20th Industry Growth Forum was held on Nov. 6-8,
. 2007, in Denver, Colorado. On the NREL Web site, you'll
find presentations from this Forum.
We will begin accepting :
applications in May 2007.
Application fee (non-

refundable): 3250 | NREL's Industry Growth Forum is the premiere clean

(includes one registration - | gpergy investment forum not only because of the caliber

additional registrantsat | of jnvestors and entrepreneurial companies it attracts,

government rate) | pyt also due to its unique format and window on the

energy future. Its rich "educational content”
Conference Fees distinguishes NREL's Growth Forums and leaves all
: participants - including entrepreneurs, venture

Professional Registraton capitalists, and corporate investors - with a deeper

Early (by 10/1)-5850 understanding of the evolving energy market and what

Regular (by 10/13)-3950 | ; pyciness must do to thrive. Our format provides

On:5IMe - 31,050 intenszive feedback to competitivel v selected

. entrepreneurs from a panel of investors and industry

NEREL 2oth Industry Growth Forum Asenda

: s
. 4
: '\‘E’_

. Founding Sponsors

ot -@

MNREL

National Renewable Energy
! Laboratory

MRIED

%< Battelle

¢ XcelEnergy-

CORFORAFE CITFITIMENIF
FOunEAFIOH

http://www.cleanenergyforum.com/




Clean Energy Resources for Entrepreneurs

Working with Entrepreneurs

O Clean Enargy O Industry Growth O Clean Enargy I Resources for O Gel Invelver O Conltact O Upcoming
Businass Forums Market Enfrepraneurs Information Evenls

Dpportunit
Incubators Jpportunity

Resources and Information for Renewable
Energy Entrepreneurs

Meed help writing a business plan? Looking for sources of funding to

|

finance start-up or growth? Want information about strengthening NFIEL'E-:;‘
marketing efforts or targeting new customers? Countless informational GROWTH
and how-to resources—from Web sites and databases to books and LN
periodicals—are available to renewable energy entrepreneurs, often at NREL Growth Link provides
little or no charge. Below is a sampling of such resources. This list is EF:FH-QD:EHQ EJE'J-!JEE—EI_T'
provided by MREL as a service only and does not constitute an platform for keeping the
i ) ) clean energy investment
endorsement m_‘ any partlc_ular resource or organization. Please choose community up-to-date on
from the following categories: your progress and
partnering needs. Think of
: : : Growth Link as a tool to
» Resources for Starting and Growing Small Businesses compliment your overall
e Directory of Clean Energy Investors growth strategy. Becoming a
¢ Business Incubators Growth Link member offers
» Market Development and Marketing numerous t'E"'t?f'tE-- !:E'l’:th
¢ Financing: Understanding the Ins and Quts an:?nﬁEthL?;rLcniiéznérWSI =
. Fiﬂancirjg: Government Grants and Other Funded Programs download this file. (MS Word
s« Strategic Alliances 299 KB)

http://www.nrel.gov/technologytransfer/entrepreneurs/wwe resources.html



http://www.cleanenergyalliance.com/
http://nrelgrowthlink.incubator.com/
http://www.nrel.gov/technologytransfer/entrepreneurs/wwe_resources.html

NREL Has Strong Collaboration with
Swedish Partners

e Hosted Swedish Prime Minister in 2007

— Followed by visit of NREL Director to Sweden and
then Swedish officials to NREL

e Launching Activities in Support of U.S./Sweden
Renewable Energy Agreement:

— Joint work on thermo-chemical and biological
biofuel production

— Exploring potential collaboration with Volvo-Mack
on advanced battery design and testing heavy duty
engines

— Sharing policy best practices data — U.S. state
policies and Swedish national policies

— Opportunities for enhanced scientific exchange
including encouraging Swedish post-docs to apply
for positions at NREL

— NREL is an active participant in the U.S.-Sweden
renewable energy working group

e Continuing joint work through IEA implementing
agreements and researcher driven collaboration
on PV technologies with Dalarna, Chalmers, and
Uppsala Universities




An Integrated Approach is Required
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Promise of renewable energy Is
profound and can be realized if we...
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It Is a matter of national will and leadership

National Renewable Energy Laboratory

Innovation for Our Energy Future



M Q—— National Renewable Energy Laboratory
Innovation for Our Energy Future

s g 7 Visilkis online at

g SO -

o fdpé:r_atejj for the U.S. Department of Energy Offiée of Energy Efficiency and 'Renei?x{_ab'_lé:Enérgy by Midwest Research Institute « Battelle


http://www.nrel.gov/

	Renewable Energy – Moving Technologies into the Marketplace
	Mounting Evidence
	Mounting Evidence
	�World Energy Supply and�the Role of Renewable Energy
	�U.S. Energy Consumption and the�Role of Renewable Energy
	What Are the Major Renewables?���U.S. Electricity Net Generation
	U.S. Renewable Energy Contributions
	Global New Investment in Clean Energy
	Global Renewable Electricity Capacity
	Slide Number 10
	Technology Development Programs
	Innovation—Past Investments Have Dramatically Reduced Costs
	Wind 
	Photovoltaics and�Concentrating Solar Power
	Biofuels
	Accelerating Progress
	State Policy Framework
	Technology Transfer
	Growing the Industry
	Clean Energy Resources for Entrepreneurs
	NREL Has Strong Collaboration with Swedish Partners 
	An Integrated Approach is Required
	Promise of renewable energy is profound and can be realized if we…
	Slide Number 24

