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Energy Challenges
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Our Energy System

Supply & Conversion Transmi§§ion & Distribution Utilization
Oil 37% N

Coal 21%

Natural
Gas 23%

Nuclear 9%

100 Quads

Hydro
Wind
Solar 8%
Biomass
Geothermal

Lost energy as inefficiencies — approximately 60%

S

Updated: 2/11
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Achieving a Sustainable Energy Economy
Requires a National Energy Grand Challenge*

Construct

Lead Coordinated BoostR&D = Essential Policies
—~ RDS3E Strategy in Investment e & Market Building a Sustainable
q Energy Future:
Sustainable Energy R‘ Conditions U.S. Actions for an Effective
R ’ e Energy Economy Transformati =
= ’ w\ . : ‘. A ._. : ; Nnergy Leonomy lransiormaton é
0000 Augue 2009 |2 B
00000 |
Support Education & y ‘ Promote Public
Workforce "'f Lead Globally -. Awareness &
Development 3.7 3 4 Action

*'Recommendations of the Natlonal Smence Board Task Force on Sustainable Energy
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External Perspectives on Energy

Transforming the Energy

Common themes s
* Need a national energy strategy
« Significantly increase funding for

energy RDD&D to match scale of
problem

* Need a balanced portfolio (no
“silver bullet” solutions)

 New mechanisms are needed
(especially to address translation,
adoption & diffusion)

* Need cross Federal agency
coordination

e.g., PCAST, American Energy Innovation Council, Harvard Report on
Transforming the Energy Economy, CSIS
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A Profound Transformation is Required

Today’s U.S. Energy
System

Sustainable Energy
System

TRANSFORMATION

» Dependent on foreign sources

» Carbon neutral
» Subject to price volatility « Efficient

* Increasingly vulnerable energy

delivery systems * Diverse supply options

- 2/3 of source energy is wasted » Sustainable use of natural
* Produces 25% of the world’s (SSORIEES
carbon emissions » Creates American jobs

* Role of electricity increasing - Accessible, affordable and secure
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STEP—Medium Case Total Energy

And a Path Forward
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Key Technologies for Reducing CO2 Emissions
Under the BLUE Map Scenario
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O Baseline emissions 57 Gt WCCS 19%
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© 50 = Nuclear 6%
45— B Power generation efficiency
40— and fuel switching 5%
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Source: International Energy Agency, Energy Technologies Perspectives 2010
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A Decade of Real Progress

Renewable Electricity Generating Capacity Worldwide

(excluding hydropower)

Wind power increased from 1,000 MW to
10,000 MW/year

Solar PV went from 20 MW to nearly 600 ... -
MW/yeal' History of R&D builds confidence in

continued investment

Biofuels emerged as a major national -
and global industry

: 35 % %8 %5

Costs have been significantly reduced
u u - Energy—Q1 2004-Q1 2010 ($bn)
and are approaching grid parity e

Renewable energy grew from $1B/year to
a $20B/year market in the U.S.
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Near-Term Impact:
Harvest Past R&D
Energy Investments

Remove Barriers to Broad
Deployment

* Fuels Economic Recovery
» Creates Jobs

NREL Provides Data, Tools and
Technical Assistance
e Educate and inform

» Develop codes and standards

 Inform policy options, program design,
and investment choices

- Resource Assessment
- Technology Analysis
- Policy Analysis

MATIONAL REMEWABLE EMERGY LABORATORY
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Mid-Term Impact:
Accelerate Next-
Generation Technology to
Market

 NREL Focus on Technology
and Systems Development

* Unique Partnering Facilities

 Testing and Validation
Capabilities
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Long-Term Impact:
Requires Breakthrough/
Translational Science

Translational science at NREL
focuses on renewable energy
and energy efficiency
iInnovations that will most
benefit the nation in practical
applications.

NREL: Managing the
science-to-technology interface

Michael Crowley, a senior scientist with the
Chemical and Biosciences Center, created an
animated model of Cel7A, nature's primary enzyme
for decaying plants.
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Buildings

Status U.S. Buildings:

« 39% of primary energy
« 71% of electricity
* 38% of carbon emissions

DOE Goal:

» Cost effective, marketable zero energy
buildings by 2025

« Value of energy savings exceeds cost of
energy features on a cash flow basis

NREL Research Thrusts

Whole building systems integration of
efficiency and renewable features

« Computerized building energy optimization
tools

« Building integrated PV

Updated 7/09
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Energy Used in Buildings

Computers 1%
T Other 4%
Buildings use 72% of Cooking 5%
nation’s electricity and —

] ectronics
55% Of Its natural gaS Residential Refrigeration 8%
22% Lights 11%
Cooling 12%
Water Heat 12%
In dUS try Heating 32%

329% Buildings

100.7 Quads of 40% Cooking 2%
Total Use, 2005 Computers 3%

Refrigeration 4%

Transportation Commercial  oficetqupment 6

1 8% Ventilation 6%
28%
Water Heat 7%
Cooling 13%
Other 13%
Heating 14%
Lights 26%

Source: Buildings Energy Data Book 2007
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Technology for Cost Effective
Zero Energy Buildings

NREL Zero Energy Habitat
House

-

Electrochromic Windows Polymer Solar Water Heaters Computerized optimization &
simulation Tools
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Net-Zero Energy Homes That Are Cashflow
Neutral

* NREL Analysis using BEOpt software for Boulder,CO climate

5000

4500+ Homeowner cost

4000 for low energy home*
= is the same as
R minimum
= 30004 code home
5
+ 2500+
@
f)]
& 20004
=
[=]
= 15004

1000+

500
0 I I I I I I I I I 1
0 10 20 30 40 a0 g0 70 30 a0 100
T Source Energy Savings (%) T
Average 1990’s home * low energy home requires 65% less energy

Example taken from the “GEOS” Neighborhood. Courtesy of Wonderland Hills Development,
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NREL’s Research Support Facility — Ultra High
Efficiency in Practice

Will achieve LEED
g Platinum rating but
will use 50% less
energy than if it

® were built to current
commercial codes

Is a living laboratory
where researchers
use real-time
building
performance data to
study building
energy use.
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Integrated Design

Cost Transfer

Transfer costs from mechanical and
electrical systems to building
architecture

COST
TRANSFER

TOTAL BUILDING COSTS

STRUCTURAL STRUCTURAL
v
CONVENTIONAL GREEN
BUILDING BUILDING
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Renewable Electricity Supply




Wind Energy

The Siemens 2.3 MW turbine at NREL is
among the largest land-based turbines
deployed in the United States

Updated 10/10

.

Current Status (2009)

o 35 GW of installed capacity

o 1.8% of total U.S. electricity generation

o 10 GW added in 2009, representing over 39% of new
domestic electricity generation capacity

o Cost 6-9¢/kWh at good wind sites

Cost goals by 2020

o Utility-scale, low-wind-speed, land-based, Class 4 wind
regimes— reduce unsubsidized cost to 8.0 cents/kWh

o Shallow water, offshore, Class 6 wind regimes—reduce
unsubsidized cost to 13.0 cents/kWh.

Major Technology Directions

Wind Turbine System and Component Reliability
Wind Resource Modeling and Forecasting

Grid Integration

Offshore Wind /Small Wind Siting and Testing

O O O O
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http://www.nrel.gov/data/pix/Jpegs/17118.jpg�

Wind Energy Technology

US Wind Resource Exceeds Total Electrical Demand

Giant Multi-megawatt
Turbines

jGourtesy: WindLogics, Inc. St. Paul, MN

Wind Forecasting
Offshore Wind Innovative Tall Towers Advanced Blades
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Horns Rev Offshore Wind Farm
North Sea, Denmark
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Applications of Solar Heat and Electricity

Solar Thermal

Photovoltaics (PV)

Concentrating
Solar Power (CSP)

MATIONAL REMEWABLE EMERGY LABORATORY

Distributed
Generation,
on-site or
near point of
use

Transportation
Centralized — -
Generation, Residential
large users —> & Commercial
or utilities Buildings

Industrial
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Solar Energy

Current U.S. Status:

Photovoltaics

o 1,500 MW installed solar photovoltaic (PV)
capacity

o Cost 16.5¢/kWh*

Concentrating Solar Power

o 422 MW installed capacity

o Cost 13.5¢/kWh*

Cost goals:
o PV: 7-13 ¢/kWh by 2020, 6-10 ¢/kWh by 2030
o CSP: 8-14 ¢/kWh by 2020, 6-12 ¢/kWh by 2030**

Major Technology Directions

Photovoltaics Concentrated Solar Power

o Thin-film cells/modules & scale-up o Low-cost, high-performance thermal storage
o Nanomaterials enabled technologies o Advanced absorbers, reflectors, and heat

o Advanced manufacturingg technigues transfer fluids

o Improved reliability o Next generation solar concentrators

o Closing gaps between cell & module efficiencies

Grid integration, systems performance and reliability
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Pursuing a range of promising PV technologies...

" Crystalline Silicon

2 &

f Thin Films
MARKET MATERIAL STRUCTURE

20x-100x 500x Cu(In,Ga)Se, ~ 1-2 um c-Si ~ 180 um
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Process Development and Integration
Laboratory

The PDIL brings
together technical
experts from NREL,
the solar industry,
and universities to
access unique
process development
and integration
capabilities.
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Growing Competiveness of Solar

California Tier 42 California Tier 5%

Size of electricity
RIS market TWh' a year
Netherlands
0.30 Grid parity” as of
)L Germany W Today
2020

United Japan

Sweden :
nodom
0.20 \KKQ

Australia

Average power price per households, $ per kWh'
Cost per watt at peak hours, $ per W,

\ alifornia
{ , oy
Finland France ~— NewYork Spain
T Texas
T
0.10 South Korea TTe—
Greece T 2
China
India
[‘l | |
500 1,000 1,500 2,000

Annual solar energy yield, kWh/kW,'

Market-Competitive Targets

Current U.S. Market Cost (¢/kWh) Cost (¢/kWh) Cost (¢/kKWh)

Market Sector  Price Range (¢/kWh) Benchmark 2005 Target 2010 Target 2015
Residential 5.8-16.7 23-32 13-18 8-10
Commercial 5.4-15.0 16-22 9-12 6-8
Utility 4.0-7.6 13-22 10-15 5-7

Source: McKinsey Quarterly, June 2008
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Biopower
] 1N

O

©)
©)
©)

Current Status:

10.8 GWe capacity

Cost: 8-10¢ /kWh

5 GW pulp and paper

2 GW dedicated biomass

3 GW municipal solid waste/landfill gas
0.5 GW cogeneration

M SR o AN e T =

Major Technology Directions: Proposed focus on large-scale power

oOptimized biochar fuel,

oFeedstock logistics and sustainability
oFuel characteristics and feed methods,
oFlue gas clean-up

oPower generation and integration with other biomass uses, such as integrated biorefineries.

Updated 9/10




Geothermal

Energy Conversion

" Plnt Current Status
/R

o 3,000 MWe installed; about 6,000MWe under
development

Injection Well

o Conventional Geothermal ~5-8¢/kWh

Production Well

Eisgiadred o Enhanced Geothermal Systems potential > 100
Fracture System GW by 2050

Major Technology Directions
Hot Rock
o Enhanced Geothermal Systems (EGS)

o Conventional hydrothermal, co-produced power
from oil and gas wells and low-temperature
resources.

o Resource potential

Updated 9/10
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Water Power

O

O

Current Status

Conventional hydropower:

Remaining potential is large (>50 GW), but difficult to
access

Ocean power: Early development stages

U.S. wave & current resource estimated at 51 GW of
extractable energy

- . e —————
o . S o "

i A A

e =
TEETE
NATIONAL RENEWABLE ENERGY LABORATORY

Major Technology Directions

Resource assessment

Support increased production from existing dams and
pumped storage

Marine and hydrokinectic device development, testing, and
demonstration

o .
. .y - Sy

Innovation for Our Energy Future




il _

...J

1




Current Status (2009):

U.S. produced 10.8 billion gallons of ethanol and 0.5
billion gallons of biodiesel

BB I AR
BLLSEL
WEHIZET

o0 210 commercial corn ethanol plants
o 150 biodiesel refineries
o 26 cellulosic ethanol demonstration plants

Cost goal:
Cellulosic ethanol—cost parity with gasoline by 2012

Major Technology Directions:

o Foundational Science: Enzymes, fermentation, understanding biomass and cell composition

o Feedstocks: Sustainable feedstock production systems

o Pretreatment & Conversion R&D: Biochemical and thermochemical conversion processes

o Advanced Biofuels and Algae: Broadening RD&D beyond cellulosic ethanol to address “drop in” and
high-energy content fuels from algae and other biomass resources

Updated 10/10
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Why Follow-On
Generations?

Advanced Biofuels —
“beyond ethanol”

Higher energy density/suitability

Better temp and cold start ability

Energy and tailored feedstocks

Infrastructure compatibility

MATIONAL REMEWABLE EMERGY LABORATORY

Major Refined Products Pipelines

Petroleum Refinery or Biodiesel plant

B m
o Cail ol
anvd
n Protein

Jet Fuel (JP-B)

Z5

* Ethanol Green Diesel
+ Power Biodiesel
+ Food
L]

T

Innovation for Our Energy Future



Innovative Adv Biofuels Processes

New conversion technologies are being developed, offering the
possibility of revolutionary, high volume methods for producing
biofuel hydrocarbon fuels for our trucks, trains, ships, and aircraft . . .

Biological Chemical Catalytic Pyrolysis/Bio-Oil

Conversion Conversion

Pathways

Catatyc syt

& < RENTECH®
” VIRENT ‘o, o®

IT'S ABOUT TIME

gg_lsgyfuels® Enerkem .‘) Eqvergent

A Honayaasll Company

Heterotrophic Algae Conversion Hybrid Conversion Technologies
!.:*l'
24 solozyme® LanzaTech &
OO
MARTEK O 7 /:: oskata
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Alternative Vehicles

Current U.S. Status

* 129 million light duty gas/diesel vehicles
* 98 million heavy duty gas/diesel trucks

* 1 million hybrid electric vehicles

NREL Research Thrusts

Fuels utilization

— Advanced fuels chemistry and testing
— Engine-fuels interactions

e Component technologies

— Advanced lithium ion batteries

— Battery thermal management
Advanced power electronics

Vehicle ancillary loads reduction
— Advanced heating & cooling
— Vehicle thermal management

Electric vehicle-to-grid interface

Updated 1/10

MATIONAL REMEWABLE EMERGY LABORATORY Innovation for Our Energy Future



Plug-In Hybrid Electric Vehicles (PHEV)

Status:
e PHEV-only conversion Key Challenges
vehicles available e Energy storage — life
e OEMs building prototypes, and cost
and several about to come to e Utility impacts
showrooms e Vehicle cost
* NREL PHEV Test Bed e Recharging locations
e Tailpipe
NREL Research Thrusts emissions/cold starts
e Energy storage e Cabin heating/cooling
e Advanced power electronics e ~33% put cars in
e Vehicle ancillary loads garage
reduction
e Vehicle thermal management

e  Utility interconnection
e Vehicle-to-grid

Updated January 2010
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Fuel Cells/Hydrogen

Major Technology Directions

* Renewable H, production

* H, storage

Fuel cells

Safety/codes/standards

Integration of H,-electricity systems

Technology validation

Current U.S. Status
* >200 fuel cell vehicles on the road

* ~60 hydrogen fueling stations

Commercial fuel cell electric vehicle launch expected in 2015

Fuel cells having market success in forklift and backup power
applications

> 2000 fuel cells shipped by U.S. companies in 2009

9 million metric tons of H, produced annually for a variety of uses

MATIONAL RENEWABLE EMERGY LABORATORY : Innovation for Our Energy Future



2050 U.S. Big Picture — Road/Auto & Truck

Consumers Asking
for Plug-In
Capabilities

Electric
Vehicles

HEVs: Early
Adopters

. = Gasotine/Bieset
Jns;lu,t:.llf.s)mum tion (I GE) ‘./f-.aiﬂ:l&&
| Battery Advancement .
High Power »

Fuels
Gasoline, Ethanol Blends »

Diesel, Biodiesel Blends »

HEVs: Early
Adopters

* Shorter range o Battery Electric Vehicles :

« Weight/volume not '\
as important

» Med/long recharge
time

PHEVs: M,

-

R T—

?ug-ln Hybrid Vehicles

- Longer range Fuel Cell Vehicles

» Weight/volume more
important
« Short fueling time

Hybrid
Electric Vehicles

Affordable High Power » Affordable High Energy »

E85, Cellulosic Ethanol >
B20, Biodiesel » Advanced Biofuels »

Electricity » Hydrogen »

MATIONAL REMEWABLE EMERGY LABORATORY
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New Directions




Smart Grid/Grid Integration

Current U.S. Status

* The Grid
— 30,000 transmission paths; >180K miles of transmission lines
— 14,000 transmission substations
— Distribution grid connects substations to over 100 million loads
» Utility Sector
— 3,170 traditional electric utilities (239 investor-owned, 2,009
publicly owned, 912 consumer-owned rural cooperatives, and
10 Federal electric utilities)

NREL Research Thrusts

* DG Interconnection Standards
IEEE Standards Development
Standards Testing and Validation

e Smart-Grid Data Hub

* RE Grid Integration
— Power Electronics for Interconnection monitoring and
control
— Grid-to-vehicle interface Updated 9/10
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Artist Rendering of the Energy System Integration Facility
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Smart Grid is the Key Enabler to Grid
Modernization

Renewable Integration — Addressing variability of large-scale wind
and solar generation

Energy Storage — Providing regulation and load shaping

Load Management — Making consumer demand
an active tool in reducing the peak

System Transparency — Seeing and operating the grid as a
national system in real-time

Cyber Security and Physical Security —Securing the physical
infrastructure and two-way communication and data exchange

MATIONAL REMEWAEBLE EMERGY LABORATORY Innovation for Our Energy Future



Nanostructured Materials Development for Renewable Energy
and Energy Efficiency

Arin

State-of-the-art synthesis and characterization to
create novel materials for a range of energy related  mirr

applications for EERE programs
— Batteries: develop novel electrolytes and metal oxides for
cathodes and anodes
— Thermal storage: nanofluids and phase change materials N
— Hydrogen storage
— Electrochromic Windows

Mirror

— Fuel Cells: develop novel electrolytes and catalysts Gases out Gases in
Pressure _ MFCs
control Filaments

Furnace Deposits

Quartz tube

MATIONAL REMEWABLE EMERGY LABORATORY



Commitment to Breakthrough Innovation

COmputationéi}-.__
Science =N

MARKET
DISTRIBUTION
AND
DEVELOPMENT

g |
&

Basic R&D Exploratory R&D Applied R&D Engineering Testing

Managing the science-to-technology interface
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Making Transformational Change

The opportunity for making
renewable energy transformational

change is now before us as a -.b.*
solution to a global crisis. e

R i W
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Visit us online at www.nrel.gov
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