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Outline

* Actual Renewable Energy Contribution
— USA, Canada and Mexico

e Forecasts

e |Ssues
— Resource Assessment
— Technology
— Growth rates
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North America — 3 Nations
Statistics

Country Pop’n GDP TPES |Electric |CO,

Units Million | T$ PPP EJ TWh Mt

Canada 31.4 843.1 | 10.5 532 532

Mexico 100.4 | 819.8 | 6.6 184 | 365

USA 287.5 | 9196 | 95.9 | 3802 | 5652

TPES = Total Primary Energy Supply
PPP = Purchasing Power Parity
Source: IEA Key World Energy Statistics 2004 with data from 2002
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North America — 3 Nations

Statistics
Country |[Energy/ Energy Renewable Share
person unit GDP | TPES  Electric
Units GJ/cap kJ/ $SPPP % %
Canada 333 12.4 17 57
Mexico 66 8 12.2 15.1
USA 333 10.4 6 8.9

SOUrCeS: IEA Key World Energy Statistics 2004 with data from 2002, DOE/IEA Renewable
Energy Trends 2003, DOE/EIA Mexico Country Analysis Brief (2004), Renewable Energy in
Canada Status Report 2002 - A National Report prepared for the Renewable Energy Working Party
(REWP) of the International Energy Agency (IEA) Office of Energy Research and Development
Natural Resources Canada
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USA — Renewables History
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Renewables can meet the Global Need

REN Wm-=2 |Flux |Capture ||Year 2002 2050

TPES TW | Total Total | NonC
Solar 230 |20 = > T
. S50 ppm |1 50 | >
wWind 25 |5
: 450ppm 25
Biomass 0.5-1 550 pom =

e Solar—10 TW = 220,000 km?
— 500 km rectangle e.g. 1/3 Alberta, or Minnesota

e Wind-10TW = 2,000,000 km? (Class IV)
— Large areas of local concentration > Class IV

e Biomass 10 TW =10 - 15 M km?or
— 10% of world land area 131 M km2 = Today'’s agriculture
— CAN + USA + MEX = 16% of world land area at 21 M km?
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U.S. Renewable Energy Resources




Energy Futures - Two Business as Usual and a
Climate Friendly Renewables Scenario
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Wind Expansion

e US Resource

— Class IV (50 States) Ewind
— 812 GW 4ang = nuclear
— Equivalent to USA 2000 10000 g | MO9S
O Coal-lGCC
e WlnDS MOdel e W Coal-new
— Installs T&D & Generation # " B Coal-old-2
according to least cost. m Coal-old-1
— Incorporates 2000 Saret
« AEO cost forecasts o —— I | © Co=CT
2000 2010 2020 2030 2040 2050| [ Hydro

e Technology Improvement

Chart 2: Base-Case Generation

Source: MN Schwartz, DL Elliott, GL Gower Gridded state maps of wind electrical potential . AWEA
Windpower 92 proceedings (1992); W Short, N. Blair, S Heimiller. Long term potential of wind power in the

_United States. Solar Today November/December 2003 NREL/JA-620-34871%"%=" S




Wind Energy

Brazilian hybrid power system
GE Wind's 1.5 megawatt wind turbine - '
installed in Tehachapi, California

Vestas V-47 Turbines on wind
farm in Kansas

- 1 I

04824

00263

Palm Springs, CA, wind farm
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EvVvoOLUTION oF COMMERCIAL
U.S.WIND TECHNOLOGY

1980s

80— . Structurally stiff

= 3 bladed — upwind yaw-driven

» 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

40~ 50 - 300kW

'1 15m - 30m diameter

300kW

Rotor Diameter in meters

20 -
50kW
I I R R R
1980 1990 2000 2010

Source:Thresher & Dodge, Wind Energy Journal 1998
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U.S.WIND TECHNOLOGY

1990s

* Structurally stiff
| 9805 * 3 bladed — upwind yaw-driven
80- . : * Variable speed and constant speed
eyt Itk » Special airfoils = NREL
» Stall regulated and pitch controlled
* Planetary transmission
* Induction generator

= 3 bladed — upwind yaw-driven

» Constant speed and 2 speed

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

60 - - Fiberglass blades * Large size to reduce COE 750kW
* Geared transmission
* Induction generator
= Steel truss or tube tower
500kW
40 50 - 300kW

300kW

15m - 30m diameter

Rotor Diameter in meters

20 -
300kW - 750kW
30m - 50m diameter
50kW
0 _—
1980 1990 2000 2010

Source:Thresher & Dodge, Wind Energy Journal 1998



N'\'E THE EvoLUTION oOF COMMERCIAL

U.S.WIND TECHNOLOGY

100 - * 3.6MW
Prototype (offshore)/’os"'w

1990s 7

’
* Structurally stiff P Forecast
1980s » 3 bladed — upwind yaw-driven ’
80- . : * Variable speed and constant speed P
. gtgr:;:;aﬂyu;ﬁnd yaw-driven " spectal gerelle - SINREL T thid "#O 1-8M

+ Stall regulated and pitch controlled k7

* Planetary transmission e :
* Induction generator .- Commercial
7150kW

* 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

e

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



A Future Vision for Wind Energy

2003

Bulk Power
Generator
3-5¢ at 15mph

= | and Based

» Bulk Electricity

¢ = Wind Farms

Potential 20% of
Electricity Market

Land Based Electricity Path

Future

Transmission

Land Based LWST
Large-Scale
2-5MW

1 ]

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

} Barriers

Offshore Electricity Path

Cost and Regulatory

Barriers

5 MW and Larger

13

Advanced Applications

Offshore Turbines

Offshore LWST Turbine:
e >5¢/kWh
» Shallow/Deep Water
* Electricity Market
 Higher Wind Sites

2012 and Beyond

Cost and Infrastructure

Barriers .
Custom Turbines:

Path
Land or Sea Based:
 Hydrogen
 Clean Water

* Electricity

* H2 production

» Desalinate water
e ? Cost

p—

LWST = Low wind speed turbine

» Multi-Market
2030 and Beyond
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US-Mexico Cooperation in
Resource Assessment

e Resource
Assessment
— Critical first step

— Increasing use of
satellite data and
GPS in GIS data
bases

Oaxaca - Mapa de Recursos Edlicos

3 [ o8 97° 96* 95* 94°

Secretaria de Energia (SENER)

Este mapa fue elaborado por NREL
con apoyo técnico de TrueWind
Solutions y con financlamianto de
la Agencia de los Estados Unidos
para el Desarrolio Internacional.

Goblerno del Estado de Oaxaca,
‘Secretarla de Desarrollo 18"
Industrial y Comercial (SEDIC)

Comisién Federal de Electricidad

(A
=

Instituto de Investigaciones Eléctricas

¢

Comisién Nacional del Agua
(CONAGUA)

17

16°
Clasificacién de la Potencia del \ﬂento

Classde Potencial Densidad de 48 S
Potencla del Recurso Potenclaa 50m a 50 m Puerio Angel
del Viento Wim® mis a7 96° a5° 84*
1 Pobra 0 - 200 0-53
2 Escaso 200 - 300 53-8
3 Moderado 300 - 400 6.1-67 Leyenda ) 100 150 Kiltersetios:
4 Bueno 400 - 500 67-73 " ™ —
5  Excelente 500 -600 73-77 F':"‘m‘;:T c'?;'o"' SRR conei oo 1o Esoion Ukos
6 600 - B00 77-85 «o Linea ransmi ncia de los Esta
7 > 800 >85 Camino Pavimentado = para el Desamollo IMernacional
81 aa valocidades del viento sa basan en un valor Welball k da 1.8 Camino Sin Pavimentar \_’/} Departamento da Energla de Estados Unidos
Laboratorio Nacional de Enargla Renovabla

a0 127

http://www.nrel.gov/international/rr_assessment.html
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Solar Energy

PV panels

04566 X

PV roofing shingles
04876

Indo-US Cooperative
PV Project

01026 B

210 kW PV system at
SMUD's Hedge substation

PV-powered water pumping
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Moving to 3'9-Generation Solar Cells

l. 1St Generation
* Single crystal Si

. POIy-grain Si 00 USSO.10W_USS0.20W US$0.50/W
< Thermodynamic
7 [limit
Il. 2"d Generation (Polycrystalline e ;

Thin Film) | g _|usstoow
e Amorphous Si € 4
N Th|n fllm S| < sl SRS NS e Present limit
. CulnSe, "1 i R, >
¢ CdTe ) 200 300 4;!0 500
e Organic Cost, USS/m

Region Il indicates efficiencies higher than
previous theoretical limits, at lower costs, made

I1l. 39 Generation (ntheor>31%; possible by nanostructures such as quantum

Queisser-Schockley limit) 1088
e Tandem cells
 Hot electron converters
* [ntermediate band N
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Next-Generation Devices and Materials

e Quantum dots and rods
e Organic polymers
e Solar hydrogen

[111]

INP Quantum dots

CdSe nanorods in polymer INP Quantum rods N
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Novel Concepts, Excitonic Devices
and New Materials

Hole
Key Companies: . . accopto
GE, Kodak, Konarka, e . T e
NanoSolar, NanoSys, L
Luna, UltraDots ... Electron acceptor i
= o | == speciral photon fusx |- 'd'»'
E . CEL
H;- 310 “ 1¥¢ 3
e 1.¢ e Dye-sensitized TiO, photochemical cells
.E o 2
S e Potential for very low cost
g e Nanocrystalline TiO,, with monolayer dye
> sensitizer,in liquid electrolyte
wavelongth (o e 11%-efficient cell; scale-up for consumer
Light * Enhanced absorptivity of dyves prOdUCtS _L_Ind_erway
MENEEENGU o [ow bandgap polvmers L Dye Stab|l|ty ISSue
i’;‘j‘f . :?ﬁ“ﬂ" '”l‘?‘]%l{;‘g‘ polymers e Gel or solid-state electrolytes in research
1 * nhanced ] . . .
RN . |\l tc formulations e Photoelectrochromic window (with WO,)
* Polymer morphology -
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Concentrating Solar Power

Parabolic trou

« Advanced
storage___l

« Advance
designs




Power production fr

\

om concentrated brines

Geothermal Energy

Geother;nal power plant at The Geysers

e 00412

Heat exchangers and circulation pumps
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Geothermal Technology

Exploration Reservoir Technology
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Next-Generation Engineered

Geothermal Systems

Improved heat exchangers

Hybrid air/water cooling
Improved materials
Advanced power cycles
Better turbines

O&M cost reductions

P %

st

Advangec
Condeanseé
?.'_. -

] [
Polypheﬁylenesulphide matrix

Filler (ceramics, carbon fiber)
Teflon in top layer |

steel tube

\zinc phosphate primer
Polyphenylenesulphide Coating



Biomass Sources

Wood chips Switch grass

Municipal solid waste SR
Alfalfa
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The Unique Role of Biomass

While the growing need for sustainable electric
power can be met by other renewables...

---------
o s T

.-fl L '—w ‘j 3 . . -“. e - s : 3 ot -I; -
Biomass is our only renewable source of
carbon-based fuels and chemicals
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Biomass
Chemistry

Lignin: 15-25% >

- Complex aromatic structure

- Resists biochemical conversion

- Requires high temperatures to convert

Hemicellulose: 23-32%
- Polymer of 5- and 6-carbon sugars
- Easily depolymerization

- 5-carbon sugars hard to metabolize

Cellulose: 38-50%

- Polymer of glucose
- Susceptible to enzymatic attack
- Glucose easy to metabolize
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Bioenergy “Platforms”

Feedstock
production,
collection,

handling
and
preparation

Hydrolysis ( Sugars and .
e p—— Lignin >_. Electr|C|ty
Gasification ( i
. Synthesis Gas]—> Biofuels
High heat, low |
oxygen
Digestion r Sfomaps ] _
Bacteria . BIOba.SGd
Pyrolysis , chemicals
: Bio-Oil ]—>
Catalysis, heat, |
pressure
Extraction [ Carbon-Rich | Biobased
Mechanical, Chains materials
chemica
Separation [ Plant
: Products >_.
Mechanical,
chemical Heat
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USES

Fuels:
— Ethanol
— Renewable Diesel

L INNTEL A ‘ ) ) :
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Power:
— Electricity
— Heat

Chemicals

— Plastics

— Solvents

— Chemical Intermediates
— Phenolics

— Adhesives

— Furfural

— Fatty acids

— Trees - Enzymatic Fermentation — Acetic Acid

— Grasses - Gaslliquid Fermentation — Carbon black

— Agricultural Crops - Acid Hydrolysis/Fermentation | ~Pants y
— Agricultural Residues _ Gasification — Dyes, Pigments, and In

: : — Detergents
— Animal Wastes - Combustion — Lubricants

— Municipal Solid Waste - Co-firing — Etc.

Conversion
Processes

Biomass
Feedstock

Food and Feed and Fiber

... and new concepts from plants to products

&
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Mexico Renewable Energy and Energy Efficiency Market
Development

DOE has supported work with Mexico since 1995 on technology
transfer, capacity building, resource assessment, renewable energy and
energy efficiency project identification and development, standards and
labeling activities, and hybrid system installations

DOE has developed close relationships with key energy and
environment ministries and strong private sector partnerships.

Rural Electrification:

— DOE'’s laboratories and other partners have supported development of pilot
hybrid power systems projects and promoted project replication throughout
rural Mexico in collaboration with the Mexico Renewable Energy Program
(MREP) More than 400 cost-shared pilot or demonstrative systems have
been installed

— DOE'’s laboratories assisting Mexico’s Secretary of Energy in implementation
of rural electrification program and GVEP state action plans through HOMER
and options analysis training and capacity building

Energy Efficiency:

— LBNL through CLASP has supported APEC and NAEWG, and provided
technical assistance in evaluating the impact of Mexico's standards and
labeling program. Mexico reported estimated energy savings of 2500 GWh,
~7% of Mexico’s residential electricity as impact from S&L program.

— NREL and CONAE ESCO Program for Hotel and Industrial Sectors helped
facilitate 3 US/Mexico partnerships with a total value of $60 Million USD,
conducted over a dozen facility audits, and provided training to 20 US and
Mexican ESCOs and more than 80 energy end-users _ _

Key to success has been focus on public-private partnerships, staying
engaged in specific market niche for several years, and transfer of key

knowledge and technology to support the market needs
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Renewable Energy Costs — Electricity

Costs (¢/ kWh)

Technology Today 2010 2020
wind 3-5¢ @ 3¢ (2012) @ 5¢ (> 2012)
15 mph 13 mph offshore
Solar
PV 24-30¢ 12-14¢ 6—-8¢
CSP 10¢ 6¢ 4-5¢
Geothermal 5-8¢ 3-5¢ (2007) —

Renewable Energy Costs — Fuels
Costs c/L ($/ USgal ethanol)

Technology Today 2010 2020
Biomass 64.5 (2.50) 46.4 (1.80) 27.6 (1.07)
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Learning by Doing

1.000

* Progress and
learning curves

— As important to the
diffusion of
technology as RD&D

— Key outcome of
Initial incentives —
thatis... ifitis a 10
Wise Subsidy 1000 10000 100000 100000C

Ethanol Cumulative Production (thousand m?)

100 .

US$(0ct.2002) im?®

J Goldemberg, ST Coelho, PM Nastaric, O Lucon. Ethanol learning curve the Brazilian experience
Biomass and Bioenergy 26(3) pp 301-304
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Final remarks

 The global and CANUSAMEX technical
resources >> projected global/regional
energy demand

 Technology progress continues to be rapid
— Learning curve effects for PV, Wind and Ethanol
are significant sources of cost reduction
 Economic Potential is a function of policy and
pricing of fossil fuels — annual growth rate?
— BAU forecasts (ex Hydro) are for 2.6% growth
— |[EA-Ren forecast has a growth rate of 3.6%

— Needed global growth rate depends on final CO2
equilibrium min = 4.6% (for 550 ppm) and > 6%
(for 350 ppm)
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National Renewable Energy Laboratory

Ralph P. Overend
Research Fellow
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