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National Energy Imperatives
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“When we put a priority on renewable
energy we address job creation, we
address climate change, women's
empowerment and food security.
Sustainable energy cuts across nearly
every major challenge we face today
and will face in the future.”

—U.N. Secretary General Ban Ki-moon at NREL,
August 25, 2011
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Shares of energy sources in total global primary
energy supply in 2008

———Direct Solar Energy 0.1%
/ I— Ocean Energy 0.002%

Biomass
10.2%
Nuclear
Energy 2.0% —— _g
0il Wind Energy 0.2%
34.6% Hydropower 2.3%
—— Geothermal Energy 0.1%

Source: IPCC Special Report Renewable Energy Sources (SRREN)
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Ranges of global technical potentials of RE sources

Electricity Heat Primary Energy
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Source: IPCC Special Report Renewable Energy Sources (SRREN)
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Global RE primary energy supply from 164 long-term scenarios versus 7
fossil and industrial CO, emissions
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RE costs are still higher than existing energy prices,
but in various settings RE is already competitive
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Top Countries with Installed Renewable
Electricity by Technology (2010)

e0e|-¢
voooHE 22

O US. © China @ Germany Spain O Us.
@ Philippines e Us. @ Spain u.s. ® Brazil
© Indonesia © Germany © Japan © Germany
O Mexico @ Spain @ ltaly © Spain
O ltaly © India e Us. © India
Sources: REN21, GWEC, SEIA/GTM 55 Global Renewable Energy Development | August 2011
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New Financial Investment in Clean Energy by Region
Q1 2004-Q2 2011 (SBn)
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Note: Excludes corporate and government R&D, and small distributed capacity. Not
adjusted for re-invested equity Source: Bloomberg New Energy Finance
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New Financial Investment in Clean Energy by Sector
Q1 2004-Q2 2011 (SBn)
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Note: Excludes corporate and government R&D, and small distributed capacity. Not
adjusted for re-invested equity Source: Bloomberg New Energy Finance
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The Role for Clean Energy—A Decade of Real Progress

Renewable Electricity Generating Capacity Worldwide
Excluding hydropower

* Wind power capacity increased by more )
than a factor of 10 to more than 200 GW. .

2501

1504

e Solar PV global installed capacity grew by
factor of almost 30 to about 35 GW in 2010.

ul |"

004 | 2005 2006 2007 2008 2009 2000

History of R&D builds confidence in

* Biofuels emerged as a major global industry continued investment
(~28 billion gallons/year)

uuuuuuuuu

e LEED-certified commercial buildings grew to
more than 10,000

i
7

* Costs have been significantly reduced and
are approaching grid parity New Financial Investment in Clean Energy

Q1 2004-Q2 2011 ($Bn)

* Clean energy grew from $1B/year to a
$211B/year market

9/1/11
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IEA 2011 Clean Energy Progress Report

“While 19.5% of
global electricity in
1990 was
produced from
renewable
sources, this share
fell to 18.5% in
2008.”




Many expect electricity demand to grow
faster than renewable energy generation

Power generation by fuel

Quadrillion BTUs
North America Europe Asia Pacific

120 120 2y Coal continues to
rise sharply in the

. Asia Pacific -l Renswables
In North America and Europe, fuel demand grows slowly region; by 2030,

100 because of modest growth in electricity demand, and also B the amount of

~f . q . . coal used for t
efficiency gains. Gas and nuclear gain share, while coal declines. power generation o Nuclear

will be more than
four times
the amount used
in North America
and Europe
combined.

80

Use of natural gas as a

power-generation fuel

will nearly double in [E

North America from 60
2005 to 2030. !

-l Coal
40
20
0 W Qil
1980 2005 2030 1980 2005 2030 1980 2005 2030

The Outlook for Energy: A View to 2030 31
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For decades we have
known our energy
system is
unsustainable.

Why is this so hard?
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"For decades, we have known the days of
cheap and accessible oil were numbered....
Now is the moment for this generation to
embark on a national mission to unleash
America’s innovation and seize control of
our own destiny." (June 15, 2010)




Energy Sector Challenges

Percent Sales Invested in R&D
20% 19%
15%
10% 8%

5%
2.4%

o« O =
R&D Investment
Drives Innovation

Capital Intensive with
Long Life Cycles

| [ sl T
el X
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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 o 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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Vision for the Energy System

By 2050, we will have a clean and sustainable energy system that contributes
to economic prosperity, enhances national security, and maintains
environmental quality

2050 Energy System Target
Oil use is reduced to 15% of current levels, CO, reduced by 80%

. Fuel
.The Built Production
Environment Systems
Integrated
Energy
Systems
Electricity .
Generation Transportation
Systems Systems

NATIONAL RENEWABLE ENERGY LABORATORY



The Promise of the Technology



Wind Power



Wind energy: state of the technology

1999 Year End Wind Power Capacity (MW)

T

-

Total: 2,472 MW
(s of 12/31/1999)

Renewabie Enargy Laboratory
. pr] I 1.000 - 1,700
Do B 100-1.000
s o Havwaii B 2w
e » 8 1»
2 E-MARLZ000 1.1.18

* Costs: 7-10 cents/kWh LCOE*

« Installed wind project cost = $2,155/kW

* 1.5-3.0 MW commercial turbines are typical
* 10 MW prototype machines in development
« Direct drive generators more common

» Variable speed and grid-friendly operation

» Technologies targeting offshore wind
markets

* Estimate for utility-scale wind, class 4 wind sites, no subsidies

U.S. installed capacity = 42.4 GW (6/2011)

38 of 50 states have utility-scale wind with 14
states > 1,000 MW installed

7.4 GW currently under construction

Over 35,600 commercially operating wind
turbines > 1 MW in capacity

U.S. wind percentage of electricity = 2.3%
» IA=15%, ND = 12%, MN: = 10%

2010 Year End Wind Power Capacity (MW)

Diata from the Amadcan Wind Enengy
Texas ) Association Fourth Cuarter 2010
Total: 40,180 MW 10,085 - Market report,
: ' ]
{As of 1213472010}
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Wind energy: national goals/targets

B Offshore
M Land-based

20% Wind Scenario—s,

50 Actual

Cumulative Installed Capacity (GW)

0 .
2000 2006 2012 2018 2024 2030

RDD&D Thrusts to Realize National Goals:

» Reduce cost of wind energy — improve performance
& reliability, decrease capital costs

» Integrate large amounts of wind with electric grid —
expand transmission, improve wind forecasting,
increase flexibility of grid operation

* Leverage geographic and technological diversity

» Address barriers to large-scale deployment — siting,
radar interference, wildlife, permitting

» Expand domestic supply chain and workforce

Enable informed decision-making

NATIONAL RENEWABLE ENERGY LABORATORY

Administration goals: By 2035, 80% of
America’s electricity will come from clean
energy sources

DOE/EERE strategic goals: Reduce energy-
related greenhouse gas emissions by 17%
by 2020 and 83% by 2050, from a 2005
baseline

Wind Program strategic goals:
Technology development to reduce
wind unsubsidized LCOE to be
competitive with coal and natural gas

Deepwater
Floating

Land-based Shallow Transitional
Water Depth

No exclusions assumed for resource estimates



Innovative new wind technologies

* Modular large components — blades,
drivetrains, and tall towers

* Advanced drivetrain power conversion
systems — superconducting direct drive
generators

* Flexible, ultra-large rotors and systems

* Active controls for structural load reduction,
improved wind plant performance, and grid-
friendly operation

* Floating offshore wind turbines
Airborne wind power systems
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Wind Energy Technology

US Wind Resource Exceeds Total Electrical Demand

Giant Multi-megawatt
Turbines

x Courtesy: WindLogics, Inc. St. Paul, MN

Wind Forecasting
Offshore Wind Innovative Tall Towers Advanced Blades
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Solar Power



Applications of Solar Heat and Electricity

Passive solar

Solar Thermal Distributed

q ;___&IIH [ S Generation
| . ’

. b, on-site or =8 |

near point of g

use

Photovoltaics (PV)

Transportation
Centralized — -
Generation, Residential
large users & Commercial
or utilities Buildings
Concentrating S
Solar Power (CSP) ustria
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Solar Electricity: State of the Technology

b ¥

"« Photovoltaics (PV) o e Solar Thermal Electric (CSP)
« Market: Residential; Commercial, * Market: Commercial; Utility.
* Geographically confined to “sun bowls”.
e 25 MW to 250 MW > GWs
 U.S Capacity: 0.5 GW.

e Utility. Geographically diverse.
e 1kW to 250 MW > GW

* U.S. Capacity: 2.4 GW L
* U.S. Forecast: 10+ GWs in pipeline.

* U.S. Forecast: 10+ GWs in pipeline.
Pip . Costs. $4 to $8/W :*LCOE 12 to 20
* Costs. $4 to $8/W :*LCOE 10 to 20¢/kWr. ¢/KWT.
* Technologies: Conversion; thin-films, Technologies. Conversion; parabolic
crystalline silicon. Storage; battery. troughs, central receivers, dish. Storage;
thermal, up to 15 hours.

*  *With various incentives; e.g. the FTC.
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Solar Electricity: R&D Thrusts

Photovoltaics
1%
DOE SunShot Program W
\ SunShot
g 4 SB0
. Power Electronics
o Balance of Systems (BOS)
;_-. 6 B py Module
!
L
’ $3.80/W
= 4.
§ $0.12
:‘ §1.88
i, | S1/W
T
2 Bl s0.10
- ﬁAU
0 1 T T

o
6‘ c.°§

,.ej;* é,s

f $1/W Target
U.5. DEPARTMENT OF

ENERGY -

LCOE (¢/kW h)

CSP

250
mins. & Prop. Tax
200 m0&M
Bindirect Costs
150 Contingency
11.0 Thermal Storage
10.0 91¢
HTF System or
Recelver/Tower
B Power Plant
5.0
mSolar Field
0.0 - W Site Prep.
2010 2016120  2016/20  gypgphot o
Trough Trough Tower 2020

Roadmap Roadmap
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Grid Parity with $1 / Watt

Grid Parity 2017

Within 25% of parity

$1/ Watt Scenario Current Projection

*  Assumes no Federal, State, Local, and Utility incentives  Current projection for utility scale PV is assumed to be $2/Watt by 2017.
*  Assumed an installed system size of 20 MW, and an 86% conversion factor

between DC and AC module capacity.
e Utilized weighted average wholesale electricity prices from the 2008 EIA-

861 Data. The data were escalated to 2017 prices based on an annual

electricity escalation rate of 1%.
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Pursuing a Range of Promising PV
Technologies

" Crystalline Silicon

MARKET MATERIAL STRUCTURE

20x-100x 500x Cu(In,Ga)Se, ~ 1-2 um c-Si ~ 180 um
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Market Relevant Process Innovation

“Black Silicon” Flash Quantum Efficiency System
Nanocatalytic
P Wet-Chemical
P Etch |
b ’ .2mu"]u
QPN ;ﬁ‘] novalLIGHT B
HelioVolt e e
TR | THE WORLD'S il A
- BEST SOLAR CELLS C:;i Per W:tt iﬁﬂlnde:ggdays

J U ST G OT B ETTER walight's patented tecgnulogies f
cos! se the
a y of crystalline

with Innovalight solar
technology.

Revolutionary CIGS thin-film
manufacturing process using inket

printing | ED Silicon Ink

RD
] NREL Incubator Project ™ I n I]
HelioVolt
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Biofuels



els
P Current Status:

U.S. produced 13 billion gallons of ethanol and 0.5 billion
gallons of biodiesel (2010):

'|_ -
WSE 8 FLEX iH AHY
FUEL WERCRES i DOLENE

Biorefineries:
0 219 commercial corn ethanol plants
o 180 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 compostion

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

ot b b TR g - X
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Biochemical Conversion: State of Technology

$10.00 T
 $9.16 B Conversion B Feedstock
$9.00 4 Bench Scale - Enzymes
B E
= $8.00
© |
()] i
g ’ $6.90
Q i .
@ $7.00 |
S i Scale Up Pretreatment
N |
° $6.00 {
2 f $5.33
o [ e
= $5.00 | Scale Up Saccharification
% : $4.27
(7] [
© $4.00 1 .
c B .
= [
£ | -
= [
3.00 + .
e U7 :
S i $2.15
£ $2.00 1
= [
$1.00 |
oo | el

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
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Major Refined Products Pipelines

Why Follow-On Generations’i

“Advanced Biofuels” —
moving beyond ethanol

Higher energy density/suitability

Infrastructure compatibility

Better temp and cold start ability. >4,

Energy and tailored feedstocksm’ '

Also called:
o Drop-in Biofuels
o Hydrocarbons
o Infrastructure-compatible Biofuels
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Biofuels Innovation

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
Conversion

Chemical Catalytic
Conversion

Pyrolysis/Bio-Oil
Pathways

SSSSS

<'RENTECH" [l B |
0 a®

@
ABOUT TIME o0

%ClearFuels® Enerkem // P = mwmmmw Jent

Hybrid Conversion Technologies

U es
\/\ A ()
life enriched””

7 coskata
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http://blog.envergenttech.com/�
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Vehicles



Vision of Future Transportatio

National Renewable Energy Laboratory « Concept-Ahmad Pesaran -« lllustration - Dean Armstrong + NREL/GR-540- 40698‘-

PHEVs: Major Consumer Adoptic Battery-_l;'-_-[eﬁig: Vehicles
(low-range) (high-range) : —

Consumers Asking Plug-in

Vehicles Capabilities Adopters : =
Electric Vehicles
- ' Fuel Cell Vehicles
HEVs: Early ~ HEVs: Major "
Adopters - Consumer Adoption Hybrid
Electric Vehicles

- ___ r # ‘ -‘,' e i"-' ", .' - o g Bt o v i 'I'_. . o g ) P _._' A \ . 2 _.1 . = _:. L ": P 1 _ » 2 ._.'..
i /.: _M' : -" - P 8 A g S GV A 0 R 8T S = A iR e é; G R e R BN AL R (=S AT oy
S e -... S AL e R e L ol i A O o & . JLE Vehicles

'i/r v *' 2 -‘fs gl oo e g g il _-.-_.-_-; S PR IR SANEC G 8 S R :'..;.._'._--' Fod s eV EIRTCIGS

Internal'GCombustion (ICE)Vehicles

Battery Advancement
High Power >» Affordable High Power > Affordable High Energy >

Gasoline, Ethanol Blends, Natural Gas >» E85, Cellulosic Ethanol >
Diesel, Biodiesel Blends » B20, Biodiesel »

Electricity »  Hydrogen >»




Light Duty Vehicle Fuel Economy
Standards, 1978-2025

miles per gallon equivalent
70 OBAMA ADMINISTRATION Fuel Economy Standards [t ar 2025
e s A - OBAMA ADMINISTRATION
The fleet-wide average will be c . STANDARDS
onsumers will have saved .
60 854.5... si7TRILLION J
,ﬁ Efoﬂ'é‘ life ollri.'te p?'og,ram‘A 4 54.5 mpge
& (o 2D ’ .
P Ovar the life of the program, the standards wilk Jn V4 x fleetwide
Save billion billion ’
\ varrels  Eliminate metric average
50 ....... - 1‘1 e orumgmwn:uum!. 7 i
y in 2025
l,
’-
4
F 4
PASSENGER CARS >
PR 4
30 7/
20 /\//:: e
LIGHT TRUCKS
10
0I\III\IIIIIIII\IIIIIIIIIIIIIIIIIIIIIIIIIIIII\III\II
1875 1980 1985 1990 1985 2000 2005 2010 2015 2020 2025
Model year
MY1978-2011 figures are NHTSA Corporate Average Fuel Economy (CAFE) standards in miles per gallon. Standards for MY2012-2025 are EPA greenhouse gas emission standards in
miles per gallon equivalent, incorporating air conditioning improvements. Dashed lines denote that standards for MY2017-2025 reflect percentage increases in Notice of Intent.
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Portfolio of technologies leading to 54.5 mpg

Degree of electrification
(Power electronics &
Energy Storage )

Regenerative
braking

Electric powered
steering
n .

_ Diesel powered & or
Improved aerodynamics Alternative Fuels, H2
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One example: Battery cost tipping points

(BAU Innovation)

Battery Cost Energy Density
($/kWh) (Wh/ke) . }range
(Breakthrough
Today's value Innovation)
500 __ Total cost 100 100 mile range
(~$17K/vehicle) 333 kg battery
@3mi/kWh 150
Tipping point when TCO
barrier is crossed — significant 200 mil f
400 and rapidly rising adoption 200 toda@é f);?trégrf/ or 200
weight and mileage
250
— Breakeven TCO
($5/gal. gas) for BEV-125 300 200+ mile range
300 300 for lighter battery 35
(222kg)
___ Breakeven TCO 250 &
($3.50/gal. gas)
2018in 200 Similar
200 breakthrough 400 performance
& 200 400
scenario for BEV-125 tolICE
100 100 500 500
___ Same up-front cost 70
as similar ICE vehicle 2020 2030 2050 2020 2030 2050
GO 81(’: f Google.org | The Impact of Clean Energy Innovation
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Many projections as to how the mix will change over time

Li'ght Duty Vehicle Sales by Type (All Tech BT) Go 8[6"

Percent

100
90 F
80 F
70 F BEV
60 F
50

40 F

30
PHEV

HEV
/CNG
4

ICE

20

10 |

0
2010 2020 2030 2040 2050
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Buildings



e Current Status

e U.S. Buildings
o 39% of primary energy
o 71% of electricity

o 38% of carbon emissions

Neutral Cost Point: Greensburg

BEopt Analysis Major Technology Directions

Whole building systems integration

o Computerized building energy optimization tools

o Advanced HVAC (Heating Ventilating and air conditioning)

58%

{ more

efficient . . . a . .

¥ o Cost effective ultra energy efficient retrofits and new buildings
Source Energy Savings (%)

IECC 2003 Code

1 al
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Neutral Cost Point: Greensburg BEopt
Analysis

5000

4500

4000

3500 Greensburg o b
Target:

3000 Neutral Cost

25[][]-—| ----------------------------------------------------------------------- )( )

Cost Technology

Mortgage + Utilities ($/yr)

2000‘; Effective Gap

1 500{ Tecgr::)logy

100045

500 Energy Star .
; | ' | | | | | | _ BEOpt Beta 0.8.04
10 20 30 40 50 B0 70 80 an 100
T Source Energy Savings (%)
IECC 2003

(2000 ft2, 2-story, 16% window to floor area ratio, unconditioned basement)
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Buildings Innovation

Electrochromic Windows Polymer Solar Water Heaters Computerized optimization &
simulation Tools
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Smart Grid/Grid Integration

* Current U.S. Status
The Grid

o 30,000 transmission paths; >180K miles of transmission lines
o 14,000 transmission substations

o Distribution grid connects substations to over 100 million
loads

Utility Sector

o 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
o |EEE Standards Development
o Standards Testing and Validation

Smart-Grid Data Hub

RE Grid Integration Artist Rendering of the Energy System Integration Facility

o Power Electronics for Interconnection monitoring and
control

o Grid-to-vehicle interface

Updated 9/10
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Why Energy Systems Integration?

[ -Current Energy Systems \ //. Future Energy Systems \

<
e %

“ %

. /

New Challenges — Need to tackle difficult problems

* Increasing penetration of variable RE in grid

* New communications and control models

* Electrification of transportation

* New energy technologies and services integrating energy storage
* Increasing system flexibility

* Understanding interactions between electricity/thermal/fuels
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Why Energy Systems Integration?

[ -Current Energy Systems \ //. Future Energy Systems \

<
e %

“ %

. /

New Challenges — Need to tackle difficult problems

* Increasing penetration of variable RE in grid

* New communications and control models

* Electrification of transportation

* New energy technologies and services integrating energy storage
* Increasing system flexibility

* Understanding interactions between electricity/thermal/fuels
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NREL PV Grid Integration Activities

NREL is working with Utilities, System Utility Partners

Integrators, Universities and other National . . .
[}
Laboratories to help integrate higher levels of Southern California Edison (SCE)

PV into the electric power grid . Sacramento Municipal Utility
o Distribution Integration District (SMUD)

— Monitoring real-world high penetration cases

— Developing and validating models and simulations ¢ XCEI Energy (COIOradO)

— Updating integration approaches and standards

e CPS Energy (San Antonio)

o Transmission Integration *  Arizona Public Service (APS)
— Collecting and validating field data
— Conducting operational analysis and optimization . Kauai Island Electric
— Developing models for new technologies .
— Integrating into transmission expansion planning COOperathE (KIUC)

Maui Electric Company (MECO)
*  FPL/NextEra
* Sempra Energy
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Sempra Energy

Sempra Energy has recently completed the
U.S.'s largest photovoltaic power plant, the

48-megawatt Copper Mountain Solar facility
near Boulder City, Nevada.

NREL is working with Sempra to
understand large-scale system variability
and transmission connected PV systems.

As PV plants in the US reach towards the
1GW level, the bulk-system impacts
become extremely important in system
operations.

Plans for Mesquite 600MW PV sit

NATIONAL RENEWABLE ENERGY LABORATORY 53



FPL/NextEra

NREL is working with FPL/NextEra and
WindLogics on understand the
variability of very large-scale PV
deployments.

The pictures show the 25MW PV plant
in Desoto, Florida.

S :

Cloud shadows on the DeSoto fiéld"'du_ri;'i‘g construction

©
o

The graph shows the impacts of clouds
over time for various MW sections of
the system.
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The ramps dampen as the MW
increases because of spatial diversity.
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Ten second ramp rates dampen out as MW increase

Observed Impacts of Transient Clouds on Utility-Scale PV Fields, A. Kankiewicz, D. Moon and M. Sengupta, SOLAR 2010, May 2010
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NREL Research Support Facility: A glimpse into the future
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Energy Consumption in the U.S.

Source: Buildings Energy Data Book, 2006
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The Path to Net Zero Energy
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Energy Efficiency Features

Transpired
Solar Collector

Cool ocutside air 8" alrspace

South-facing

Windows %W
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"

Warmed air
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A

“ Optical Louvers
redirect incomi!'l_g
sunlight onto ceiling

Overhang

reduces glare Automatically and manually

operable windows promote

high Zmuﬁse:r :.E: cross-ventilation
* =
from entering g » 1
thas buliding Pre-cast thermal mass wall
3" concrete Perforated
2" rigid insulation black
&" concrete WDrk Space metal panel
outside | inside Power management

surge protector

| Optical Louvers
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6W LED

Light enters task lights
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up to 30°
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Green Data Center

Warm air flows up “chimneys” from hot

Data Center aisle, pulled into basement

ceiling vents

Qutside
air intake

Warm exhaust
air is used for
ventilation
preheating or
vented from
building

Data Center
floor vents

A A S N S N S S S S S S —

Return air fan
in basement

Filter and cool incoming air with
evaporative and chilled water cooling
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.:NREL RSF Energy Monitoring
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COMMERCIAL CONSTRUCTION BUILDING COSTS - By Cost Per Square Foot

Construction Costs
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A glimpse into the future

If all commercial buildings operated in this
fashion, the percent renewable energy
contribution to the energy mix would be a
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To achieve this vision, we must...

C Inventthe'future we desire s
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