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Energy Challenges are Enormous

Energy Security
and Reliability
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Electricity Outlook: 2001-2025
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» Total annual average world electricity growth - 2.4% from 20071 to 2025

« Growth rates in transitioning economies higher than developed economies
« Natural gas and coal will be near-term fuels of choice for generation

» Distributed generation and renewable may offer attractive options

Source: International Energy Outlook 2003, Table A9 “':::"“?E’— Matisnal Renewable Energy Laboratery
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The Role of Renewables in the
U.S. Energy Supply - 2003
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Source: AEO 2004 tables (released in December 2003) based on US energy consumption. Overall breakdown Table A1 (Total Energy Supply and Disposition),
and Renewable breakdown Table A18 (Renewable Energy, Consumption by Section and Source). % & IREL Notional Renewable Eneray Laboratory




U.S. Energy Flows
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Technology-based Solutions:
There is no one silver bullet, we need many

Energy efficiency

Renewable energy

Non-polluting transportation fuels

Separation and capture of CO, from fossil fuels

Next generation of nuclear fission and fusion technology

Transition to smart, resilient, distributed energy systems coupled
with pollution-free energy carriers, e.g. hydrogen and electricity




Renewable Energy Must Play a
Key Role in a More Diverse and
Secure Energy Supply

wable Energy Laboratory




Wind Energy Status

Wind Capacity (MW)
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Current cost is 4 to
6¢/kWh in best regimes
(unsubsidized)

Source: Worldwatch Institute
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Solar Energy Status

« Concentrating Solar
Power

— Nine parabolic trough
plants

— 12-14¢/KWh

 Photovoltaics

— Price of power from
grid connected PV
systems is 20 to
30¢/kWh

PV systems at the Arizona Public Service facility in
Prescott, Arizona

U.S. installed capacity (2004) - PV and solar thermal: 0.5 GW
World capacity (2004):

» Solar PV, grid-connected: 1.8 GW

» Solar PV, not grid-connected: 2.2 GW

Source: Worldwatch Institute
{::OH!E. Matisnal Renewable Energy Laboratery




Biomass/Biofuels Status

Biopower

« Grid-connected capacity
— 9700 MW direct combustion
— 400 MW co-firing

« Biopower electricity prices generally
range from 8-12¢/kWh

P S i B

Biofuel o i
SULELS Rated at 21 MW and providing the San Francisco Bay

* Biodiesel — 15 million gallons (2002)  Area with baseload capacity, the Tracy Biomass Plant
C h uses wood residues discarded from agricultural and
¢ orn ethanol industrial operations.

— 81 commercial plants

— 3.4 billion gallons (2004) World biomass electricity capacity (2004): 36 GW

— ~§1.22/gal

. Cell ;$ - gth * « World biofuels production capacity (2004): ethanol
SHIOSIC SHIENO 32 billion liyr; biodiesel 2.2 billion liyr
— $2.73/gal

Source: Worldwatch Institute
* Not commercially available

#
“:':‘ MREL nNatisnal Renewable Energy Laboratory




Factors Inhibiting Pace and Volume of
Renewable Energy Market Entrance

Al
 Consistent & predictable policies //‘\ —\
 Continued advanced technology $

development ]

« Enabling market viability

CAPITAL
MOBILIZATION




Current Federal Energy Legislative
Proposals*

 Production tax credit extension

» Solar investment tax credits for
residential and commercial property

» Tax credits for fuel cell, hybrid, biodiesel
and alternative fuel vehicles

 Renewable energy portfolio standards

* Pending in Congress
g g {: Elrllliil. Mational Renewable Energy Laborats




State Policies are Opening
Markets for Renewable Energy

{::OH!E. Matisnal Renewable Energy Laboratery




Renewable Electricity Standards

Nevada: 15% by 2013, ] . New York: .
solar 5% of annual Minnesota: 19% by 2015 24% by 2013 Maine:30%
lowa: 2% by 1999 Wisconsin: by 2000

. 2.2% by 2011
‘ AP MA: 4%
’ ‘l‘ by 2009
., RI: 16%
W by 2019

‘ CT: 10% by 2010
L NJ: 6.5% by 2008

E Maryland:
7.5% by 2019
Washington D.C:

11% by 2022

an

California: '

20% by 2017 BP;onI:;)g(\),;(? .
Arizona: 1.1% by
2007, 60% solar
New Mexico:
10% by 2011 2.7% by 2009 * 18 States + D.C.
%e_ Colorado: 10% by 2015 .

=
— Hawaii: 20% by 2020

*Includes requirements adopted in 1994 and 2003 for one utility, Xcel Energy. “::5"“?5!- National Renewable Eneray Laboratory
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There is Regional Interest in Promoting
Clean Energy

Western Governors’ Association
Clean and Diversified Energy Initiative

 Western U.S is rich with fossil, hydro and renewable
energy resources.

* Goal of 30,000 MW of clean energy by 2015, using
solar, wind, geothermal, biomass, clean coal
technologies and advanced natural gas technologies.

« Goal to increase energy efficiency by 20% by 2020.

* Meet the West's generation and transmission needs
over the next 25 years.

{:}HEL Mational Renewable Energy Laboratory




What Are Some of the Issues?

Valuing externalities
Connectivity to the grid

Challenges in current regulatory
environment =

Transmission
capacity




Can renewables have sufficient
Impact to change the energy




Worldwide Renewable Resources Potential:
Meeting the RE Challenge Depends Heavily on Solar

Bi Hydroelectric
19maSs Geothermal

Wind

Far exceeds today’s world energy consumption

Adapted from Nathan S. Lewis, California Institute of Technology {}"m Nationsl enewabie lreray Laboratory
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The Future for Renewable Energy:
A Technology Outlook

Wind
Solar
Biomass
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COE cents/kWh

Renewable Energy Costs are Decreasing

Levelized cents/kWh in constant $20001
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Source: NREL Energy Analysis Office (www.nrel.gov/analysis/docs/cost_curves_2002.ppt)
'"These graphs are reflections of historical cost trends NOT precise annual historical data.
Updated: October 2002
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Wind Outlook

DOE Wind Program R&D
goals:

« 3¢/kWh* in class 4+
wind areas onshore

« 5¢/kWh* for offshore AL Yy ERES
systems SN T - )

T st spscure & sEpreased m



@ SNR=L THE EvoLUTION oF COMMERCIAL
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U.S.WIND TECHNOLOGY

100~ Y 3.6MW
Prototype (offshore)/o SMW
1990s b

/’
* Structurally stiff P Forecast
1980s » 3 bladed — upwind yaw-driven ’
80- . : * Variable speed and constant speed P
. gtgr:dt:;aﬂyu;ﬁnd yaw-driven * Specil airfolls — NREL fl-oRiw = #O IBME

+ Stall regulated and pitch controlled k7

* Planetary transmission pe -
* Induction generator .~ Commercial
750kW

* Large size to reduce COE

» Constant speed and 2 speed

= Stall regulated/tip brakes or
full-span pitch controlled

60 - - Fiberglass blades

* Geared transmission

* Induction generator

» Steel truss or tube tower

Future
Innovation

* Scale to larger size
500kW * Advanced blade materials

and manufacturing
* Low speed direct drive generators
300kW « Custom power electronics (high efficiency)
* Feedback control of drive train

and rotor loads
* More flexible structurally

40 -

50 - 300kwW

15m - 30m diameter

VT

B
i ‘..'.u--‘

Rotor Diameter in meters

20 - * O&M reduction features
300kWV - 750kW
30m - 50m diameter
50kW
0 _—
1980 1990 2000 2010

Source:Thresher & Dodge, Wind Energy Journal 1998



Solar Outlook

DOE Solar Program
goals

 Photovoltaics:
6¢/kWh by 2020

« Concentrating solar
power/troughs:
5¢/KWh by 2012

Solar Resource




Cost/Efficiency of Photovoltaic Technology

- US$0.10/W US$0.20/W US$0.50/W
Thermodynamic ~ Future Technology
limit Directions
80
* Research on
-0 crystalline silicon, thin
=] .
a: 60 films, and balance-of-
< USS$1.00/W systems. components
5 « Higher-risk, longer-
£ 4 term R&D for all
- - system components
Present limit
that can leapfrog
20 beyond today’s
US$3.50/W technology

200 300 400 500
Cost, US$/m?

Costs are modules per peak W; installed is $5-10/W; $0.35-$1.5/kW-hr

‘{:E" MREL national Renewable Energy Laboratory
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Source: Nathan S. Lewis, California Institute of Technology




Biomass/Biofuels Outlook

DOE Biomass Program
goals: . , _ Resource Potentia

Excallant

Good

« Competitive electricity by Modsrat
2020 . 0% by A0

DOE Biofuels Program goals:

* Produce ethanol cheaply
from lignocellulose
resources — agriculture &
forestry

« Use of biology together
with thermo-chemistry

. Target: $1.07/gal by 2020 |

‘I:}Hm Mational Renewable Energy Laboratory
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Biomass Technology Advances

Future Technology
Directions

* Plant cell wall
deconstruction

* Robust
ethanologens

 Better options for
thermochemical
fuels

* Process
intensification

‘:::* MREL nNatisnal Renewable Energy Laboratory
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A Future Vision for Wind Energy Markets

Today
2005

Bulk Power
Generator
4-6¢ at 15mph

* Land Based
: * Bulk Electricity
& *Wind Farms

Future Potential=
20% of
Electricity Market

Land Based Electricity Path

Land Based LWST
Large-Scale
2-5 MW

1}

Transmission

} Barriers

Tomorrow

LWST Turbines:
» 3¢/kWh at 13mph
* Electricity Market
2012

Cost & Regulatory

Barriers

Offshore Electricity Path

Offshore Turbines
5 MW and Larger

13

Offshore LWST Turbine:
* 5 cents/kWh
» Shallow/Deep water
* Electricity Market
* Higher wind Sites
2012 and Beyond

Advanced Applications Barriers

Path

Land or Sea Based:
* Hydrogen
* Clean Water

¥

—

Cost & Infrastructure

Custom Turbines:
* Electricity
» H2 production
* Desalinate water
 Storage
» Multi-Market

2030 and Beyond
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Roadmap case for grid-connected solar system
with 30-year lifetime (customer side of meter)

2004 electricity cost is based on present federal policies,
investment tax credif, and accelerated depreciation.



Existing Bicrefineries

Emerging Biorelineries

Advanced Biorefinares

The Biorefinery: The Path Ahead

New Product Core
R&D

2007 2010

Demonstrate 1st G
Core Tec

Applied R&D for
Emerging Biorefinery
Fundamental R&D
Mew Product RED

2020+

Applied R&D for Advanced
Biorefinery

A diverse
feedstock supply
that provides
over 1 billion
tons of biomass
per year

Equivalent of 3.5
billion barrels of
crude oil per
year or 55% of
current U.S.
petroleum
demand

i}m Mational Renewable Energy Laboratory




Technologies

« High technology
* Mass production

Markets

 Conventional
energy prices
 Green markets

Policies

* |ncentives &
mandates

‘?,':.E'Hm Mational Renewable Energy Laboratory
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The U.S. Department of Energy’s
National Renewable Energy Laboratory

www.nrel.gov

Golden, Colorado



	Fulfilling the Promise of Renewable Energy:  A Look at the Future
	Energy Challenges are Enormous
	Worldwide Energy Consumption�by Source
	U.S. Energy Consumption by Source
	The Role of Renewables in the�U.S. Energy Supply - 2003
	U.S. Energy Flows
	Technology-based Solutions:�There is no one silver bullet, we need many�
	Renewable Energy Must Play a Key Role in a More Diverse and Secure Energy Supply
	Wind Energy Status
	Solar Energy Status
	Biomass/Biofuels Status
	Factors Inhibiting Pace and Volume of Renewable Energy Market Entrance
	Current Federal Energy Legislative Proposals*�
	State Policies are Opening�Markets for Renewable Energy
	There is Regional Interest in Promoting Clean Energy��
	What Are Some of the Issues?
	Can renewables have sufficient impact to change the energy future?�
	Worldwide Renewable Resources Potential:�Meeting the RE Challenge Depends Heavily on Solar
	The Future for Renewable Energy:�A Technology Outlook
	Wind Outlook
	Solar Outlook
	Cost/Efficiency of Photovoltaic Technology
	Biomass/Biofuels Outlook
	Biomass Technology Advances
	U.S. Industry Market Viability��Technology Roadmaps and Vision for the Future
	The Biorefinery: The Path Ahead

