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Hl 1) Eof R&D o4HS Addid] 5.9% 93 660 &2 o

> RZF R&DFA A AFA] Ao F+3 F3

> 7)1Z-¢8AF AdoH 5.6% FUHe 6169 2 Fx}

> FHASHAHNSE), AR F3=HDOE SO), THEF7IEATINIST) 5 371
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e Fa3 3219 g8 w3

> A TH3ATAFY(USGCPR)o| Aol 21% 5713 2569 28 2
* The U.S. Global Change Research Program
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28 A7 20054 538 28327 30276 1949 69
7 83,866 1482 84373 81456 2918  A35
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NIH) ¥ BASX|R(HHS)L| M A 2to](biodefense) o170l 4.6 =&
B & (10 che| 1.7 22 S)
P - 744 ;':E*EHI of & i ™ (10 CiH| 8.0% S<) .
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Projects Agency —Energy)oll 39 =2 HifH
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ORI 29289 10363 50442 31,398 956 31
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Rl

O XM82eZ Wind power &g &£

O AMEXZAE M New Energy Financelll 2ot HIXHIHIE, T2ME I}
FAAIEY Y AL S EZSS AWUEX Jls=0l s A7 EXNEds=E
2007Y $1,4849=0AM 20088 0l= $1,5549 =2 HMUEHHl 4.7% SOt

L] 8AMAE AEAZS 20t S SIHHE =+0otdd, &= clean—energy AI&2

2K SUiet odsol &2H

O FAANES EMe= 2012 JIEZBIM(IPO: Initial Public Offering)E O & A
ot Ul A M=z 2008E D= AN AFEsS IS S0 A energy 2&
IgsE2 A0 =

O Ole HIXMIHLIES EXNAZL 32 HEH ot2, AMIILS0| HHINIE
of EXNXNZSE RS H=2 HARE = UAS2 20|

O] AIEZAY MO Renaissance CapitalAtOl 2l6tH, 20080l 0= F=AIAI &
AMRAAE JHE SOHA X 4300 J12H0] AHEAl FA $5O‘L”EF ol &2l
=22 XEe Aoz UEeE

jo
[
[
o
>y
&
=
=
9

O 200782 27204 JI¥ S0l =4 $508B=E Ol&S A=



&l

o

0 Arct

o

Hi

Ol

O X 2008 GiEHIIEH Al
clean—-energy JIZ =2 otz E

s
O SHIIHL FHUA = ANE2 AEH 48 & HAe=Z oy

O 200980l =2 JIgE=S0l &g AIgEE MIEHOIL #22E S92 #HE

Ol &f

Lt. O0/= Clean Energy =0t HE X0l EA

[] Biofuels (ethanolZl biodiesel2l 2Z 8 MALN SOHJHAE) AIE S 2008E $3484 =
20|04, 2018E0= & $1,0549 =2 ANECZ &S AHoz Mat

H AL

O

O 2008 MM H biofuel 242 ethanol 170

12
2
=
o.
o)
Q
@
wn
@
)8
o
12
2
M
>.

O Ethanol20F A&=2D}0l

BN eE dsez =2l 8 IsiE 322 50%
Ol &= Dbioethanol0] %

[J Wind Power (AIA&Xl X=HI8) AIZE 20088 $514A=0AM 20188 0=

(
$1,3919 =2 AEO=Z A& 0l4
O 2008Y¥ & AMIAH wind power ARAEXI= 27,000 MW 72

O ZE0l 8,000MW 22| wind powerE &AXIEH 0|22 Al MEMAIZO| 40% O|AS
windOllA ZE&o2Z M WindE0E AIAH =0 2JI%8 S¢S XS

[] Solar photovoltaics (2&, AIAE 58, X Z&) AIEES2 20083 $296 =0
N 201880l $806H=2 A&z SIF M4
O 20088 &S0t A NAHECZ (AR AXE LNMES2 2 4 GWE2 MEHE] 484

St
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Global Clean-Energy Projected Growth

2008-2018
Biofuel
iofuels - ssas = 2008
A5
$51.4

Power ]

$29.6

$325.1

$115.9

< 1> ®ANAH Clean—Energy Al&& 2t

In some regions, clean energy is not just providing a mere 1-2 percent of
electricity and energy use, but mowving into mass adoption. Mo longer round-
ing errors, clean energy can now represent 10-50 percent of the electricity
or fuel mix. Some regions on the leading edge of this transition include:

Brazil Ethanol Transportation | Approximately S09%%
Fuel of nation’s automo-
tive fuel supply (not
including diesel)
Denmark Wind Electricity 15+% of nation’s
Seneration electricity mix
Towa wWind Electricity 5.5% of state’s elec-
Seneration tricity mix in 2007.
The state, howewver,
more than doubled
its cumulative wind
installations in 2008
5. Ethanol Transpoartation Approximately 8%
Fuel of nation’s automo-
tive fuel supply (not
including diesel)
China Solar Thaermal Hot Water Although still 2 small
Heating fraction of total hot
water production,
solar thermal now
represents about 20%
of the nation’'s new
hot water heater sales
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L]

]

O

S AMIAH Clean—-Energy A& 200738 $758H=0A 2008EH0l= 53% A &&H

$1,159¢9 =20 OI210 USH, 108=2 2018E 0= $3,2519= n#E22 & 04

ZIIE Mt B9 clean—energy =0t
R

=
T
clean-energyE Xt= ZMz=2 525 I

220 2EE Deutsche Bank2 ‘Global Climate Change Regulation Policy
Developments’ E MUl 2lotH X 20088 78 2H 20098 2 NA & AIAHEA

O 2502 0|AlS] J|EH3 Et FM Y

Clean—energy2 climate-related < (green buildings, grid upgrades and
improvements, renewable & public transportation)dil 2 $2,0009 =2 0l& EXt

Sh
=

(] 0129 HIELY(ARRA: the American Recovery and Reinvestment Act of
.l

2009)0l= AEXEQ EXLE MMHES Soll $7002 = 0l&0] clean—energy et
transportation =0k HHA

O $11 Dbillion towards “smart grid”

O $6 billion to subsidize loans for renewable energy projects

O $6.3 billion in state energy efficiency and clean—energy grants

O $5 billion to weatherize modest—-income homes

O $4.5 billion to make federal buildings more energy efficient

O $2 billion in grants for advanced batteries for electric vehicles

O $8.4 billion for mass transit

O $9.3 billion for construction of high—speed railways

O $20 billion in tax incentives and credits for renewable energy, plug—in

hybrids, and energy efficiency
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Miasolé Solar $227.0
BrightSource Energy Solar $115.0
Sapphire Energy Biofuels $£100.0
Amyris Technologies Biofuels $91.0
Mascoma Biofuels $81.0
Luminus Devices Efficiency: Green Buildings $72.0
Fisker Automaokive Efficiency: Transportation $65.0
GridPoint Efficiency: Digital Energy $63.5
Ausra Solar $60.6

Infinia Solar $57.0

(] 0122 clean—energy &0 && &

O An 8-year extension for the investment tax credit (ITC) for solar

O A 3-year extension for the production tax credit for wind

O New rules that allow utilities, for the first time, to participate in ITCs

O A new provision that allows renewable energy developers to receive up to a
30 percent government grant instead of a tax credit

A

[1 £t 0I=2d2= 20258 0K &M renewable UKl HIZS=2 256% =22 =

M X
=

=L

FH

190,819 1,341,968
413,522 1,315,324
504,341 2,657,202
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O Clean-energy &0t= Mz D=0 dH3=0H A JIHg He=z2 JIH

O Solar photovoltaic
600,0002HJ O] A9

190,000002F Wind power &EHZ2 413,000HE & &

O 20188 NtXl= Solar=0F0llA 1,341,0000H2F Wind =0F0IA 1,315,0000H2 & X
HOoZ of 2. 790 M2=2 Xtel NS ola

[ 0I=2 OiUXl D=2t HXHHNIE SFies 20078 $270A4=0AM 2008 0=

$3309 =2 A HY

O BIXIHLIES HEE

22% St

EHISHA= WX Jl=20k= 20078 &8 FXH2 9.1%

O SWotR2LE, 2008E0M= 8 FAHSH2 11.8%=2 HEAUHl 30%0la SOt

$105.1 $599 0.6%
$40.6 $584 1.4%
$22.0 $483 2.2%
$19.7 $445 2.3%
$22.5 4663 2.9%
$23.0 $1,038 4.5%
$26.5 £1,555 5.9%
$20.4 $2,665 9.1%
$28.3 $3,351 11.84%

[1 Clean—energy =0k COist &MAHAEC EX= 0= YIXHINILES EXH0| HloH

S0l 3

O 20078 M AMHIAH Clean energy EXl= $1,4842 =0 A 20088 0= $1,554¢ =2

4.7% SIt

wx HIXIHIIE SXF, private equity EAF L FAAIE (IPO £), TZ2XE [IO|HA,
asset financing, 8% R&DEX & JIER&D EANE 2F Letst 2H
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IEE

= S X0l dloH 2008

Ol

210l "ot XMZxst

o

O 2006¥ OHdl 2007¥ S X 60% SItet
Mot =& eIl 200738 $234

O 2 llrzse =4
Holls $114922 U= 24

= FAAF F
2

New Global Investments in Clean Energy - 2008
($US Billions)

5"{:;:‘;" VC & PE
Corporate
RD&D
Government
RED TOTAL:

$155.4 Billion

Asset
Financing

Source: New Energy Finance. NOTE: Asset Financing figure includes a downward adjus
ment of $3.4bn, reflecting a subseguent reinvestment of VC, PE, and public market funds
raised by clean-energy companies. Re-investment assumes a one-year lag.

[] Clean—energy &= =22 ZIJIEMUHAMNH HAHUII= &8=X8 2= HE=2 &
H3l=2 st =22 HAN clean—energy AH20] fXIoED US

Ct. OI= Clean Energy =2 Trends

[ ] The grid goes online

TSl &I3H0l CHOH 24
selfsufficientol A &
Moz HADE AS AtA



TR WX Jl=2 282z AKX, 2RH L AZEYUHZ HZE JIJI=2 M2
HEX I S&otD MSAIAES E)|HO|D M2 S84 st ASEEE Jisote
£ St AgE HEINUHAMEH JtEs MEIINA CHest J1DJ1S0] IPIIEe] QIAMXIE
2H S A2, NsSK SUHE SS 25 HZole el dstetn UL

Cisco, GE, Googel, HP2} IBM2 ZE&st AGol |IT SIS smart—gridol Al AH

2 JIE &1 ULH HRE22 M8 =2 0/0] smart meters J|IJ|I=S2 H#EoiHL0
UCH. Southern California Edison= 2012E0FXl 5.38H0HJHC] smart metersE & X|&2
M &AM UK AHIE2 5%921 1,000 megawattsE 22 HES ¢ UCH.

et 22 HE ITYH 0l = JI&E 8FLHQ! ItronE EEotH Ch=2l dMHI X =0
AMstD UL HEHESZ= Aclara (advanced metering infrastructure technologies),

Ziphany (demand response software), Echelon (smart meters and related systems),
Ecologic Analytics (meter data management systems), eMeter (advanced metering
applications), SmartSynch (real-time energy use data over wireless networks),
Tendril (connecting in—home devices to the utility back office), Tollgrade (advanced
sensor technology) ¥ Connected Energy, Serveron & V2GreenO| CHEXO|Ct.

QHIOt 22| Grid WA st & $11092 ENHE 2 MZ2 smart grid =22
oD E HEE 2H0ICH E22t& 2l Bouldertil M= Minneapolis—based Xcel Energy
Jb 14,0000 smart meters& &XI ) MFH=S 0|lmet ZU=SECIHUL2Z 100 miles
Ol&tol HOI==2 HZOIULH EAIA QLAEINA F&ESQ next—gen grid AIEHAFH QL.
Pecan Street Projectlil= Cisco, Dell, GE, IBM, Intel, Microsoft & Oracle & WEU
2 FOAIZID UCH.

BPI global (www.bplglobal.net)

gridPoint (www.gridpoint.com)
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optimal Technologies (www.otii.com)
Silver Spring networks (www.silverspringnetworks.com)

Tollgrade communications

[] Technologies save clean energy for a rainy(or claim) day

Wind®et Solar Ol X2t 2&E= JtE 2 8= olE OUXIE2 =0 &5
ZI0 == AJI SIISAIZII Hg0= HOICH 01 ofZotll gt Jl=
g (=]

0z
s
=)

JA
ol

Z2HO 2= utility-scale2] MUK MEYES I A X2 oEet =52

21 A= =SO0H0ICH HE =S5 L HiESS R AUZAAESHKO A SH M40

Aol Chet thesg MELAS HEUHF= MUK 230 UM 2l FoHRAS
o

S 6 MEI==0l £&&ot] AU OtANMA= BEs skt= Sl &EH0ICH
Aol MEII==Z= sodium sulfur, redox flow, vanadium, zinc, large—scale
lithium—ion batteries, compressed air energy storage, flywheels % molten salts for
solar thermal storage S0 A2U &Mz =2 HIE2Z UM AIEoII0l=s HH=S
Ol UALH.

MEI=0= FeEst AHLIIZ0F A=, MEZALEX R Lux ResearchOll 2|otH & TH
& ANAH grid energy storage AIE2 $24AHE2 A 20ILt, battery AHHIBISZ 2k $500H =
AMEOl EIHEHCHD F=&SHCH 2008E 0= Ol 20 Ml A s BIXYHINIE SXOF &I
© M, cooling storage provider? Ice EnergyOl $33848t=, flywheel supplier &
Pentadyne0ll $22840t=2, redox flow battery HZS M Q! Deeya Energy0l $15 BHOI=,
molten salt technology2 & &St solar thermal plants X! SolarReservedl $140%H
Ot20| EXEAUCH Eet MIIASX HiE2 MES0IHM AES Corpll 1 MW E 2l&
Ol HiECIE 328t A123 Systemse= $149880t=2 EXE S XIGHALE.

[us

HE =208t renewable storage test projects ZEZHEOQIH (HII0= Xcel, €=
BHE 2l MZEAE X NGK Insulators, the National Renewable Energy Laboratory 0| &
0ot UCH Xcel@ NGKel 1 MW sodium-sulfur battery (which is actually 20
modules storing 50 kW each)E& 0IUIAE MEX S SEHXINAM HAESGID Us
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O Ol= HI&0l = MEHOIA ZICH 50021201 7AI2 SOt MEES 228 £+ U= £
Z0ICH. NGK= 0= =0 d=FHHMC!  American  Electric Poweridt= fossil
fuel—generated energy M&E&EXIE st €T N ZOILCF..

Concentrating solar power (CSP) thermal plants= Ct& H&Jl& JISE M33otLD R
Ct. &JIE0= €= NEoHI| ale= HO0lM SkyFuel, SolarReserve, Abengoa Solar
2 Andasol 22 3/AtE= molten salt 30 solar2 =0 XILI €= MHEE = Us
S&ES HAS0IL. MEE 22 SIIHE JissS {e RME JIZAdl=d o8 £+
UCt. Abengoa= HMIAH =ICH solar generation &Hl2 HESC OtelEXLC] 280 MW
CSP plant0ll molten salt storage € At&& W& O|LC.

ot

—

Pl

[

A123 Systems (www.al123systems.com)

oA
ot

]
I
=
o
im

deeya Energy (www.deeyaenergy.com)
general compression (www.generalcompression.com)
ngK insulators (www.ngk.co.jp)

Solarreserve ()
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[ ] New clean—energy markets emerge around the globe

=22 AMEUHA A LAXKX LUAE Aruball Serbia 22 =It==2 200880 HS
OF IFIIAEL SFLH0 et HES +=gotRlt. 1=2 Clean TechnologyOl =
HotAl 2UAE ZIH=0l == renewable HE FAO =&ot2 JUCEH 20093 10

0l=, 8= 22, 53 L QAEY 220t 22 JI&E 2I=2 FWOHA L QUKXICE,
HMAHAES=Z 750 =JtJt &EOWOt= the International Renewable Energy
Association (IRENA)Jb 2= & ACH

rr

IRENA= & clean energy2t 2t & X
=24 UEX HEE A= YA, 18FES
Oldet JIR4dE=2 230 FHS =2 & St U
THAQ JelA= solar feed-in tariffsE H30otd, 2220 Me &= 5

clean energy 20k $292i== SXHAHE0| WEXO|LCE.

J

s
>
QJ
J

0o
rr
__(_d
2

i $o o
fw
TR

e
im

20089 =01g SHYN 2Y ZSHHEZ2 H4HEY, Turkey (194% ZIt), Tunisia
(170%), & Poland (71%) 25 ZItgt AO2 LIEMGCH AFRIFQIGH0HIA @ HHMA
HAMOIE AUE SR 2II=0| 2 HetstD JACH IS 2 SIS s 2
HOAM H2r2H0 M8 Ao CHSE &®EHINA SJEEE YEZ=0A ot=0l RUCH

Belarus2l A< 0= 201240t Xl renewables (including small and large hydro)2l &&
2= dA olUXl AHlE2 25%===NK 2H=SE 2/0|Ct. Bulgriall Clever
Synergies Investment Fund= & 16.56MW=ZEQl SSEYAES 201280l o812
ZEEHI XHS Sl 220MW==C =z EUE HEOICH oY XYEE 0101 Poland,
Romania, Hungary 2 EstonialilX ESBHZZHEEZ Xsstdl e AHCIC Iberdrola

Renewables?l JI& =28 A& S=0| T UL

AeE YA wind & solar
2 20209 tXl renewable energy HIS
23% =&NA =2 B0H=E A= = 2008H 3,400MW =ZFQl SSHYUE
25,000MW=z =it = 0= Z2HiEez2 57

/kWh(kilowatt—hour)0il Zdol= 228 EX32 o2 SWAIRUCH ZEA9 =2 oY
3| A2l EDF Energies Nouvelles= &4 PVO| CHESt NHSEXNE ol $733HOEES &

ot Lt

=
—
—

.|

2 IMm mo mo

a

F

I

_40_



clA olgls &= 542t 52 to

JdelA E8F clean energy 20t CHEXQI =2J10IC
° (M, Ol= Solar Cells Hellas &

65 cents/kWhOll Z3dt= solar feed-in tariffsE S02l3

2 A=W PV makerss2 S d&s =g Olat=lCh 0l Z2lXZLIoHe

SolFocusAt= elA 2] %A concentrating PV .6 MW facility) €82 81 U

OH, = HIURH NEIZ=S MEY = US 1*9% U&=l SE0HME AHCS
== =}

Acciona®t Ol&2|2 EnelAt®= < Hiet210 A= S H=0ICH

>
— H

[ZHDE0EH FIALOIE]
continental wind Partners (www.continentalwind.com)

EdF Energies nouvelles (www.edf-energies—nouvelles.com)
iberdrola Renewables (www.iberdrolarenewables.us)
international Renewable Energy agency (www.irena.org)

Solar cells hellas (www.schellas.gr)
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[ ] Grid infrastructure grabs the spotlight
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Electric Reliability council of Texas (www.ercot.com)

Imera (www.imerapower.com)

iTc holdings (www.itc—holdings.com)

Midwest independent Transmission System operator (www.midwestiso.com)

Oncor (www.oncor.com)

L] Micropower shows IT is no small thing

FEO ZSYTE=E LHMLHHIE=2 HEEEHD AL, LdRUAM=E A48T MDD
AULH A2 &&=

geothermal, wind turbines SO0l 218" “micropower” gridsJt &HE D UCH 0O|=2 &
AMEOU M micropower= MH M2l 6%0 =UoHXICH CtE =3It AM= & 1/6
S = HEto 0l21 AL 2007329 &2, dAAHAECz JAXSE L0l SIte A0l bl

of 0I=, &=, AH2 HR0= SHLE0l SIIotRULY.

21—
XA S22 microturbines, cogeneration, solar cells, fuel cells,

Rocky Mountain Institute® Amory LovinsOl 2/otH e S22 A& AH|ot
e 0 ZHIS0l HIADLD Al2IH0|l &I R0 D22 ds B2dildez
g E XNJst =l X2 1 Btz e 2™ &80t

MZH0l =20, LsY UHRE dz2d 2

1 UASS KNHGIALE

rr p
e

Bal

>

o

HT

a
o
|

o

|1

>

I.I'l"-

ANEele HWERIEsE ¢tE SHUHAE =
A

Ct
R. James Woolsey= &2 elE= A Al2Hjust—in—time) |
O

SEZS2LE HIH2IAEN 28 AW just-in—caselilAd= IS s 420 =50
ASS XNHGHtD JULH
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Microgridse CI2Fst HIUX &RE2 HZAIALS &2 XIE £+ Us UERKIAE
SABCH 8 |ocal gride =JtXFA 2 utility failure2FH XNFU=S

D AN HUX HEAAEES S4d3AIle A0 22 RALS SUHAIZ = UL Ol
et OtOICIHE MZ=2 2401 OtLICH OIOIHHMEHEE sES0t 0ldd HLACZ =24

o} =alXol

_|

el 580 2ZdEH Adilz 2SE0 220, WX AIAE=2 0lM = 0lelgt
d¥=ss 2det ==0 =8 A0l

Microgrids= micropowerE 2d3tAIZ2 == QUL Microgrid StE6tHA dS MM XS
AHIXRE JI2AH /XS &= JOBZ MIIE NACE MESOZN LMl sAS &
2= QICH &t YHIT = 92 MHE=2eo2M X AIAHS S84S 90% =02

ol
=
Z0H=E = UL

Texas2t ColoradoOl A microgrids
S ZA 60 O0lA2  microgrid
gdot&eE NM=2= AFotd UL Sandia

microgridsE J &6t USM, Michigan

g HE S WMEES =230 UL
demonstration site
National Labs= o)
2 M Next—EnergyA
microgrid” £ JH&atD UL

i
2
8
O
o
=
x
° MO

= 5
Ml
<
bl
to
r
0z
02
IE
=2
x
=
i)
N
oIr
o

“advanced mobile

Consortium for electric reliability Technology Solutions
(certs.Ibl.gov/certs—der—micro.html)

new energy and industrial Technology development organization
(www.nedo.go.jp/english)

nextEnergy (www.nextenergy.org)
Rocky Mountain institute (www.rmi.org)

wal-Mart (www.wal—-mart.com)

¥ Waxman-Markey B <HE 932p) U&3 & 9 ayd ooF By w5 59
B

NI A A D3] YA}o] E(http:/lenergycommerce.house.gov)  FHF

_44_



[0

-/

<E= 1> 0= 3E0IUAl o8 ot @oF
Il BH&& &% (Allowance Allocation) (2012952 E Al&)

—

2HIA 25

~—

(1
[ &I I o4sL=2FH 23
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- NFHEIBHS S A 30%

o KAHAIAHHSSIAL BHEHC 9% & (2026~2030E 2t phase out)
A

3 4s5C=2FH AHIANE Esot=0 AFE

o = 2! &2 1.5% &H(2026~2030E 2t phase out)
- JtEdg s & T2 JtA ARZA A& ZZ S0 At
s dAS JHH B
o HIE32 15%0i CHoll ZOHE & Alctd, =242 SHLAS JES RIS
ASOZRH ESot=0 AFE

o 2014H0I HHIZRO 15%S U5t Y BHESHO A0 JIZ50] BXEOZ
=4
- 20258 0|0l HEE0l s Z=2 30| Hxz 2ottt Z2HOIAN = o

phase out
O =W X e B85
o RN BHEAS 2% &Y (2014~20264H)
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o MM S(utilities)2l CCS Al &X & 282 HI8 NJS
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6. Energy Frontier Research Center Program

1) EFRC =N

0l= Department of Energy2l Office of Science®? Office of Basic Energy Sciences

= 21M21 Y HUX Jl=HEH 28 is)|=2 KNEE <ol Energy Frontier

Research Centers (EFRCs) Z2ge =Z&I5t0 ULt EFRC= HAIHZC HA UK
X

(o]
Of St 222 EZAI917] Sl LA J|EDs 2010 WX XANES 2HO2

Context. A2S9 ZEN XSS [YE ot AAHS Sof HLUUNZRE LT
Mz BIWS 4 YD HARO AN MaE MBS SLOOK 100% SE2
SHE 4 Us A4S HSMHBI. 20M0] FEIIE 2OHNAM DEDIIE0| J0IE A
2, O DEIIS0 oF HIIE JBALE 204HI F2 MUK 2 SHE HZo
40| 2 24010t

Establishing the Energy Research Directions. 20012& the Basic Energy Sciences
Advisory Committee (BESAC)= DOES| DI&0 S£&ot= Jlx WsI|lE AR HL0
ol &A= HPAE KHGHUALH. DOEIF THEUHOE & =2 082z UK &84,
ATHAO K, stdAHZO] 25 M2, oHMst XS0, Ole KR 2 WX
MADE =0 P Ferd 2A S0 UL

el M20t HEH=E2 BESACS A0 CHoll LMl HANH E=H22 &
2OZM Chet 2AS MAIGHR2H, 1 2= 2003E 0l Basic Research Needs to
Assure a Secure Energy Futurecte ELDAMZ S2EUCH =2 BIOANE 0|F 58S0
Z 10Xt2ll2el “BasicResearchNeeds" A&z HALJUSCH OE, &Y, DOE, DOE
APLA0A 2 1,500 0latel HM2ZII=S0l HFOotRULH KA3IJY JI2k=2F hydrogen
economy; solar energy utilization; superconductivity; solid—state lighting; advanced
nuclear energy systems; combustion of
21stcenturytransportationfuels;electrical—energystorage;geosciencesasitrelatestothestor
ageofenergywastes(thelong-termstorageofbothnuclearwasteandC0O2);materialsunderext
remeenvironments; 2 catalysis for energy—related processesit 22 Ct2st =HI=S0|
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b HO 239 BN SUHA M2 08, 2E, AlSdI0lde2 e F=HZ O
A2, BESACS Opportunities for Discovery: Theory and Computation in Basic

Energy Sciencect= E1A0 =X ol0IctOIEE HcelotULt.

Of
A

N
tn

A 2UE Hllet FlUAMs2 25 A =4Eseh Ml FEH UstS 2SS
ZXOIQALE S MEHS Wetd THS2 MZ2 He)|=2 AMUE 222 ot=0 M
2o d¥= SHII=0 == £Motl) st BHEs 0isiiz 012 = U= ot

22 MZ2 Wst|=9 AUIH 27230 JUCH HEHC wsH|=ZH2 Ush

mn >y
iy

A

O Design, discover, and synthesize new materials and molecular assemblies
through atomic scale control,

O Probe and control photon, phonon, electron, and ion interactions with matter,
O Perform multi-scale modeling that bridges the multiple length and time scales,

O Use the collective efforts of condensed matter and materials physicists,
chemists, biologists, molecular engineers, and those skilled in applied
mathematics and computer science.

/AN EX=E0 AL =0l Chet HE Xl SHOt Jtsat)l M= Xl Jel
Ol CHst =& A2l Oloiet XAas ERZ &Lt BESAC Grand Challenges A& 3=

= fe Jlgdt ERE= HMAIGHILE Directing
Matter and Energy: Five Challenges for Science and the Imagination £ M0l KAl Al
= A 20l A 2&H 20rHA2 CHAJHR e |=d SN2 s 20,

O How do we control materials processes at the level of electrons?

O How do we design and perfect atom— and energy—efficient syntheses of
revolutionary new forms of matter with tailored properties?

O How do remarkable properties of matter emerge from the complex correlations
of atomic or electronic constituents and how can we control these
properties?
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O How can we master energy and information on the nanoscale to create new
technologies with capabilities rivaling those of living things?

O How do we characterize and control matter away—especially very far away—
from equilibrium?

Addressing these grand challenges is key to making the transition from observation
to control of matter.
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2) EFRC Z=2 )& A4

Energy Frontier Research Centers

S 12xHdIe HANES Sl =& Het=sS A dot)|l foll, Office of Basic Energy
Sciences= the Energy Frontier Research Centers (EFRCs)cl= MZ2 ZZ 1S Al
Ao CEH EFRCOI =J| 53 =0F & $2-580t=0] HAAHIE XAE AHE0ICt 20084
ol = EFRCQEE fIet HIEH A8 HMOME E=oIU2H, 88E EFRC= 20094 2H

AE JAHGHH & $100MB=2l HPHIE XFE WEOICH

EFRC= Sa8¢Q el AAX=0ILE AE8H HRdl2= ofZol)| Hdde ZZ2H0(0 =
&et H72E Rlofl et 202 =set H7A=s 2120 g=8ots Xs Hdotd U
Ct. EFRCEZZ1d=2 s €2 SE= 210 UL

O 2 g3 Z=z &S BESACS B21AQ2I  Directing Matter and Energy: Five
Challenges for Science and the Imagination (WA HMAIE SHIIX = 1 0|4
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O 2 32 Zz)d#2 = 1032 BES workshopZ 19l Basic Research Needs
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EFRCSl &%+ A2 Ot HAlE H2F=HE CHF00F et Otell MAIE S8 S
HA MSIJI==SS WA SUctE2 2 dAdEHS2 A2=H EAWWA =S
Jl=g = ULt EFRCUHIMA= NHE 20l e 2=XQ OlsxLt & 2 =H0I+S0l
et XIASH et dsbli=Xs a5l o4 &3S SAlotd UCH EFRCE
83 dxMe Usd €20, 2 H23F0 Ut AT 282 <FF 150 MAIEN
UCH

(O Direct conversion of solar energy to electricity and chemical fuels.
O Understanding of how biological feedstocks are converted into portable fuels

O A new generation of radiation—tolerant materials and chemical separation
processes for fission applications.

O Addressing fundamental knowledge gaps in energy storage.
O Transforming energy utilization and transmission.

(O Science—based geological carbon sequestration.

EFRCHE X H2Hl XIFAZ2 2009E9FH AZEMH, H7246dH 482 e, DOER I

£ RUCH JHE EFRC= G++22 1HAl

X2g GAOICH EFRC Z2 30| tESEH, AR
EFRC XIE@2 O 2~340tCH deliotd JIEHES MOtA et &l MetAz2tel SIHEdE
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464 EFRC 9 32=E Basic Research Needs (BRN) fI34&F Al2IX0A HMAIZ Ol X
FR HARWNESE BF U210 UM, I = SIHAl Olatel tstd MM S
S U0 UL+ 20tY EFRC ¥ ZH(ZES02 BRNOUA HAIE AWM= OS
b & CF,

i

=

Renewable and Carbon—Neutral Energy (Solar Energy Utilization, Advanced

Nuclear Energy Systems, Biofuels, Geological Sequestration of
C0O2);20EFRCs

Energy Efficiency (Clean and Efficient Combustion, Solid State Lighting,
Superconductivity); 6 EFRCs

Energy Storage (Hydrogen Research, Electrical Energy Storage); 6 EFRCs

Crosscutting Science (Catalysis, Materials under Extreme Environments, other);
14 EFRCs

SFE 4600 EFRCE & 2H)|2YE FTELE A4HEH, HsH(3104), DOEAISH §EHP
A(1200), Blgeldi2(2o) & 22H(1I)2 2= UCH Argonne Natioal Lab,
Oak Ridge National Lab, Northwestern University, MIT, UT-Austin2 =ZJ[2L§f 24
EFRCIOI A8 EACH, U2I|H 2= M= GE Global Research It S 3tAH EFRCZ A
ZEI UL

_54_



Energy Storage
Energy Efficiency I :

Crosscutting
Science
Renewable and
Carbon-MNeutral
Enerqy
<A 1> HAFGAYE EFRC =X
_ Corporate Research
Nonprofit Laboratories
Qrganizations
DO E Mational
Laboratories
LIniversities

<Odg 2> HFJ| 28 EFRC 22X

_55_



<85 1> EFRC &3 d+=FAl HR

[ ] Direct conversion of solar energy to electricity and chemical fuels. Learning to

direct and control materials and chemical processes at the level of electrons,
where the laws of quantum mechanics rule, would pave the way for essentially
new guantum control impacting catalysis, photochemistry, molecular biology, and
device physics that are the foundational pieces in solar energy conversion.
Powerfulnewmethodsofnanoscalefabrication,characterization,andsimulation—
usingphysical,chemicalandbiologicaltoolsthatwerenotavailableasfewasfiveyearsago—
createnewopportunitiesforunderstandingandmanipulatingthemolecularandelectronicpat
hwaysofsolarenergyconversion.  Specific areas include coaxing cheap materials
for superior performance; new paradigms for solar cell design: photo—catalytic
processes for inexpensive, efficient conversion; and bio—inspired methods for
self-assembly of molecular components into functional self-regulating, and
self-repairing systems for solar fuel production.

[] Understanding of how biological feedstocks are converted into portable fuels
Biological systems are the proof-of—-concept for what can physically be
achieved by nanotechnology. Consider the ease with which biological
systems transform and store energy or their ability to self-repair and to
adapt to changing external conditions. The way in which energy, entropy,
and information are manipulated within the nanosytems of life provides us
with lessons on what we must learn in order to develop similarly
sophisticated energy technologies. This entails research in light harvesting,
exciton transfer, charge separation, transfer of reductant to carbon dioxide
as well as carbon fixation and storage. Specific areas might include
molecular—scale characterization of the physical structure and chemical
properties of plant cell wall materials with the aim of circumventing the need
for extensive pre—treatment and Dbiological hydrolysis to  sugars
(saccharification), which are current bottlenecks in cellulosic biofuel
production. Other areas include development of new and improved catalytic
conversion processes that are far more robust than enzymatic systems for
the conversion of plant polymers to fuels.
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[] A new generation of radiation—tolerant materials and chemical separation
processes for fission applications. By designing and perfecting atom—- and
energy—efficient synthesis, one can create a paradigm shift in the discovery
and design of new chemical assemblies and materials that are mechanical
strong; light weight; and resistant to corrosion, decay, or failure in extreme
conditions of temperature, pressure, radiation, or chemical exposures
encountered in fission applications. Key research includes: foundational
research in chemistry and physics of actinides and their fission products;
new generation of actinide separations processes with improved efficiency,
selectivity, cost—effectiveness, and waste minimization; first—principles design
and understanding of materials with improved radiation and corrosion
resistance at elevated temperatures; microstructural design and predictive
models for mitigating long—time degradation behavior; characterization, theory,
and computer models for decades—to—centuries performance; and solution
and interfacial behavior under extreme radiation flux and elevated
temperatures.

[] Addressing fundamental knowledge gaps in energy storage. Without effective
electrical energy storage, renewable—yet intermittent—sources of energy such
as wind and solar will not be able to significantly displace fossil, nuclear,
and other conventional energy sources used for generating electricity for the
power grid. Similarly, current battery technologies are limited, making plug—in
hybrid or all-electric cars prohibitively costly and insufficient to meet
consumer demands. Long—term, fundamental research in electrical energy
storage will be needed to accelerate the pace of scientific discoveries and to
see transformational advances that bridge the gaps in cost and performance,
separating the current technologies and those required for future utility and
transportation needs. For example, by mastering energy balance on the
nanoscale through harvesting the large number of forces that are often
operating simultaneously, such as electrostatic attraction and repulsion,
chemical bonding, surface tension, and random forces from environmental
fluctuations, a wide variety of structures can be assembled for 3-D
architectures with multi-functionalities in energy storage unsurpassed by any
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given existing technologies. Other research areas include new capabilities to
“observe” the dynamic composition and structure of the constituents in the
electrochemical storage systems; novel electrolytes with high conductivity
over a broad temperature range and long—term stability; and theory,
modeling, and simulation that integrate methods at different time and length
scales.

[] Transforming energy utilization and transmission. At the heart of the nanoscale
behavior, one often finds emergent phenomena, in which a complex
outcome emerges from the correlated interactions of many simple
constituents. By understanding the fundamental rules of correlations and
emergence and then by learning how to control them, we could produce,
for example, an entirely new generation of energy utilization and
transmission processes, such as in phase change materials for thermal
energy conversion, strong light—-matter interaction and collective charge
behavior for light emission nearing theoretical efficiency, and radically
different combustion chemistry of alternative fuels. Understanding the
emergent behavior of materials and chemical reactivity at the nanoscale
offers remarkable opportunities in broad arena of applications including
solid—state lighting, electrical generators, clean and efficient combustion of
21stcenturytransportationfuels,catalyticprocessesforefficientproductionandutiliza
tionofchemicalfuels,andsuperconductivityforresistance—lesselectricitytransmissio
n.

[ ] Science—-based geological carbon sequestration. All natural and most
human—-induced phenomena occur in systems that are away from the
equilibrium in which the system would not change with time. If we can
understand system effects that take place away—especially very far away—
from equilibrium and learn to control them, it could yield dramatic new
carbon capture technologies and enable new strategies for sequestering
carbon to mitigate environmental damage. Key research areas involve new
membranes and separations of carbon dioxide from process streams at high
temperature and pressure; understanding geochemical processes relevant to
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the dimensions of subsurface sequestration sites with realistic geological
formations chemistry; developing critical geophysical measurement techniques
for remote probing and tracking; developing fluid—flow measurement
approaches and simulation tools that can link chemical and physical
processes at multiple scales; and advanced measurement and modeling
verification at field sites.
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Department of Energy

v Frontier Research Centers (E

RCs)

Institution

Location

EFRC Name

EFRC Director

EFRC Objective

Energy Laboratory

—
Arizona State Tempe AL EFR Center for Bio-Inspired Gust, I. Devens Adapt the fundamental principles of natural
University * Solar Fuel Production photosynthesis to the man-made production of
hvdrogen or other fuels from sunlight.
University of Arizona® Tuscon AL Center for Interface Science: Armstrong. Neal K. | Enhance the conversion of solar energy to
Hybrid Solar-Electric Materials electricity using hybrid morganic-organic materials.
(CIS:HSEM)
California Institute of Pasadena CA Light-Material Interactions in Atwater, Harry Tailar the properties of advanced materials to
Technology Energy Conversion control the flow o fsolar energy and heat.
Lawrence Berkeley Rerkeley CA Center for Manoscale Control of DePaolo, Donald Establish the scientific foundations for the
Mational Laboratory Geologic CO, geological storage of carbon dioxide.
Stanford University Stantord CA Center on Manostructuring for Prinz, Fritz Diesign, create, and characterize materials at the
Efficient Energy Conversion nanoscale for a wide variety of ene
applications.
University of Berkeley CA Center for C Separations Smit. Berend Design and synthesize new forms of matter with
California. Berkeley Relevant to Clean Energy tailored properties for gas separations in
Technologies applications including carbon capture and
sequestration.
University Los Angeles CA MMolecularly Assemblad Material | Ozolins, Vidvuds Acquire a fundamental understanding and control
California., les Architectures for Solar Energy of nanoscale material architectures for conversion
Production. Storage. and Carbon ofsolar energy to electricity, electrical energy
Capture storage, and separating/capturing greenhouse
2ASes.
University of Santa Barbara CA Center on Materials for Energy Bowers, John Discover and develop materials that control the
California. Santa Efficiency Applications interactions between light. electricity, and head at
Barbara* the nanoscale for improved solar energy
conversion, solid-state lighting. and conversion of
heat nto electricity.
University of Southern Los Angeles CA Emerging Materials for Solar Dapkus, Paul Simultaneously explore the light absorbing and
California® Energy Conversion and Solid Daniel emitting properties of hybrid inorganic-organic
State Lighting materials for solar energy conversion and solid-
state lighting,.
Mational Renewable Golden co Center for Inverse Design Funger. Alex Replace trial-and-ermor methods used n the

development of materials for solar energy
conversion with an inverse design approach
powered by theory and computation.

* Funded under the American Recovery and Reinvestment Act of 2009,
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Energy 1

Department of Energy

ontier Research Centers

(

RCs)

Institution Location ate EFRC Name EFRC Director EFRC Objective
Carnegle Institute of Washington D Center for Energy Frontier Mao, Ho-Kwang Accelerate the discovery of energy-relevant
Washington Research in Extreme materials that can tolerate transient extremes in
Environments i(Efres) pressure and temperature.
University of Mewark DE Rational Design of Innovative Vlachos, Dionisios | Design and characterize novel catalysts for the
Delaware* Catalytic Technologies for efficient conversion of the complex molecules
Ricmass Derivative Utilization comprising biomass into chemicals and fuels.
Idaho MNational Idaho Falls 1D Center for Materials Science of Waolf, Dieter Develop predictive computational models,
Laboratory Muclear Fuel validated by experiments, for the thermal and
mechanical behavior of analogues to nuclear fuel.
Argonne Mational Argonne IL Institute for Atom-Efficient Marshall, Discover, understand, and control efficient
Laboratory Chemical Transformations Christopher chemical pathways for the conversion of coal and
(IACT) bicrmass into chemicals and fuels.
Argonne Mational Argonne IL Center for Electrical Energy Thackeray, Understand complex phenomena in
Laboratory Storage: Tailored Interfaces Michael electrochemical reactions eritical to advanced
electrical energy storage.
Morthwestern Evanston IL Argonne-Northwestern Solar Wasielewski, Revolutionize the design. synthesis. and control of
University Energy Reszarch (ANSER) Michael molecules, materials, and processes in order to
Center dramatically improve conversion of sunlight into
electricity and fuels.
Morthwestern Evanston IL Center for Integrated Training in | Graybowskl, Synthesize, characterize, and understand new
University * Far-From-Equilibrium and Bartosz classes of materials under conditions far firom
Adaptive Materials (CITFAM) equilibrium relevant to solar energy conversion,
storage of electricity and hydrogen, and catalysis.
Purdue University= West I Center for Direct Catalytic MeCann, Mawreen | Use fundamental knowledge about the interactions
Latayette Conversion of Biomass to hetween catalysts and plant cell walls to design
RBicfuels {C3Bio) improved processes for the conversion of biomass
to energy, fuels, or chemicals.
University of Motre Maotre Dame 1™ Materials Science of Actinides Burns, Peter C. Understand and control. at the nanoscale, materials
Dame* that contain actinides (radicactive heavy elements
such as uranium and plutonium) to lay the
scientific foundation for advanced nuclear energy
systems.
Louisiana State Baton Rouge LA Computational Catalysis and Spivey. lames Develop computational tools to accurately model

University

Atomic-Level Synthesis of
Materials: Building Effective
Catalvsts from First Principles

catalytic reactions and thereby provide the basis
for the design of new catalysts.

* Funded under the American Recovery and Reinvestment Act of 2009,
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Department of Energy
Energy Frontier Research Centers (EFRCs)

Institution Location State EFRC Name EFRC Director EFRC Objective

Massachusetts Institute | Cambridge M.A Solid-State Solar-thenmal Chen, Gang Create novel, solid-state materials for the

of Technology Energy Conversion Center conversion of sunlight and heat into electricity.
(S3TEC CENTER)

Massachusetts Institute | Cambridge MA Center for Excitonics Baldo. Marc Understand the transport of charge carriers in

of Technology * synthetic disordered systems. which hold promise

as new materials for conversion of solar energy to
electricity and electrical energy storage.

University of Amherst MA Polymer-Based Materials for Russell. Thomas Lse novel. self-assembled polymer materials in

Massachusetts* Harvesting Solar Energy systemns for the conversion of sunlight into

electricity.

University of Maryland | College Park MDD Science of Precision Rubloff, Gary Understand and build nano-structurad electrode
Multifunctional Nanostructures components as the foundation for new electrical
for Electrical Ener gy Storage energy storage technolopies.

Michigan State East Lansing M1 Revolutionary Materials for Morelll, Donald Investigate the underlyving physical and chemical

University Solid State Energy Conversion principles of advanced materials for the conversion

ofheat into electricity.

University of Armn Arbor Wil Solar Energy Conversion in Green. Peter Study complex material structures on the

Michigan* Complex Materials (SECCM) nanoscale to identify key features for their

potential use as materials to convert solar energy
and heat to electricity.

Domald Danforth Plant St Louis MO Center for Advanced Biofuels Sayre, Richard Generate the fundamental knowledge required to

Science Center Swstems increase the efficiency of photosynthesis and

production of energy-rich molecules in plants.

Washington Lniversity, | St. Louis MO Photosynthetic Antenna B lankenship. Understand the basic scientific prnciples that

St Louis Research Center Robert underlie the efficient functioning of the natural

photosynthetic antenna system as a basis for man-
made systems to convert sunlight into fuels.

University of North Chapel Hill NC Solar Fuels and MNext Generation | Mever, Thomas Synthesize new molecular catalysts and lght

Carolina® Photovoltaies absorbers and integrate them into nanoscale

architectures for improved generation of fuels and
electricity from sunlight.

Princeton University Princeton M Energy Frontier Research Center | Law, Chung K. Develop a suite of predictive combustion modeling
for Combustion Science capabilities for the chemical design and utilization

of non-petrolewm based fusls in transportation.

Los Alamos Mational Los Alamos MM The Center for Advanced Solar Klmeow, Wictor Capitalize on recent advances in the science of

Laboratory

Photophysics

how nanoparticles interact with light to design
materials that have wvastly greater efficiencies for
the conversion of sunlight into electricity.

* Funded under the American Recovery and Reinvestment Act of 2009,
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Department of Energy
Energy Frontier Research Centers (EFRCs)

Institution Location State EFRC Name EFRC Director EFRC Objective

Los Alamos Mational Los Alamos MM Extreme Enviromment-Tolerant Mastasi. Michael Understand. at the atomic scale, the behavior of

Laboratory Materials via Atomic Scale materials subject to extreme radiation doses and
Design of Interfaces mechanical stress in order to synthesize new

materials that maintain their desired properties
under such conditions.

Sandia MNational Albuquerque NM EFRC for Solid State Lighting Simmons, Jerry Study energy conversion m tailored nanostructures

Laboratories Science as a basis for dramatically improved solid-state

ligthting.

Brookhawven MNational Upton NY Center for Emer gent Davis, L.C. Seamus | By understanding the fundamental physics of

Laboratory Superconductivity superconductivity. discover new high-temperature

superconductors and improve the performance of
known superconductors.

Colimbia University® Mew York MNY Re-Defining Photovoltaic Yardley, James Develop the enabling science needed to realize
Efficiency Through Molacule- breakthroughs in the efficient conversion of
Secale Control sunlight mto electricity in nanometer sized thin

films.

Cormnell University* Ithaca MY Manostructured Interfaces for Abruna, Hector Understand and control the nature, structure, and
Energy Generation. Conversion, dynamics of reactions at electrodes in fuel cells,
and Storage batteries, solar photowvolataics, and catalysts.

General Electric Global | Niskayvuna NY Center for Electrocatal ysis, Soloveichik, Explore the findamental chernistry needad for an

Research Transport Phenomena anid Grigorii entirely new approach to energy storage that
Materials for Innovative Energy combines the best properties of a fuel cell and a
Storage flow battery.

State University of New | Stony Brook NY Maortheastem Chemical Energy Grey, Clare P. Understand how fundamental chemical reactions

York, Stony Brook Storage Center (MOCESC) oceur at electrodes and use that knowledge to

tailor new electrodes to improve the performance
ofexisting batteries or to design entirelv new ones.

Pennsylvania State University PA Center for Lignocellulose Cosgrove, Daniel Dramatically increase our fundamental knowledge

University Park Structure and Formation ofthe physical structure of bio-polymers in plant

cell walls to provide a basis for improved methods
for converting biomass into fuels.

Lniversity of South Columbia SC Science Based Nano-Structure Reifsnider. Build a scientific basis for bridging the gap

Carolina

Design and Synthesis of
Hetero geneous Functional
Materials for Energy Svstems

Kenneth

betwezn making nano-structured materials and
understanding how they function in a variety of
energy applications.

* Funded under the American Recovery and Reinvestment Act of 2009,
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Department of Energy
Energy Frontier Research Centers (EFRCs)

Institution Location ate EFRC Name EFRC Director EFRC Objective
Dak Ridge National Dak Ridge TN Energy Frontier Center for Stocks, G. Enhance our fundamental understanding of
Laboratory Defect Physics m Structural Maloolm defects, defect interactions, and defect dynamics
Materials (CDP) that determine the performance of structural alloys
in extreme radiation enviromments.
Oak Ridge National Crak Ridge TN Fluid Interface Reactions, Wesolowski, David | Provide basic sclentific understanding of
Laboratory Structures and Transport phenomena that ocour at interfaces in electrical
(FIRST) Center energy storage, conversion of sunlight into fuels,
peological sequestration of carbon dioxide. and
other advanced energy systems.
University of Texas, Austin TX Fromtiers of Subsurface Energy Pope, Gary A. Harness recent theoretical and experimental
Austin Security advances to explain the transport of native and
injected fluids, particularly carbon dioxide, in
ceolooical svstems over multiple length scales.
University of Texas, Austin TX Understanding Charge Barbara, Paul Pursue fundamental research on charge transfer
Austin® Separation and Transfer at processes that underpin the fimetion of highly
Interfaces in Energy Materials promising molecular materials for photovaltaic
and Devices (CST) and electrical eneroy storase applications.
University of Wirginia Charlottesville VA Center tor Catalytic Gunnoe, T. Brent Develop novel catalysts and manipulate their
Hydrocarbon Functionalization reactivity for the efficient conversion of
hvdrocarbon gases into liquid fuels.
Pacific Northwest Richland WA Center for Molecular Bullock, R. Mormis | Dewvelop a comprehensive understand ng o f how

Mational Laboratory

Electrocatalysis

chemical and electrical energy contained in fuels is
exchanged. stored and released.

* Funded under the American Recovery and Reinvestment Act af 2009,
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The Challenged Electricity Grid

- T

-9

The electricity grid faces challenges of saturafed capacity in cities and suburbs and of increasing
standards for power quality and refiability. Further, the highest potential sources of solar and
wind energy are not near the places of highest demand. We need more effective long distance
transmission of electricity.

Electrical Energy Storage

LBH2E ol01ECIE N=sAtEe2 US 28822 2 N0/ Hif2 oS
= SJt2 240I0 tHelel & e e 2l S MBIAEE A WXiotA L
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Advanced Transport

Solar Fuels

Electric Transport

3) The Path to Success
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temperature  superconductors, electron microscopy with atomic
resolution & carbon nanotubes® 22 HHSH &A= 0| WL
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Renewable Portfolio Standards

Total Power Generation and Renewable Share
Million Kilowatt Hours)

Total Net Generation

Total Renewable
Wind
Solar
Hydropower”
Geothermal
Biomass
Renewable Share

2008
4,147,850
124,350
38,850
700
13,650
15,100
56,050
3%

4,

2018
650,350
668,550
225,200
41,300
67,950
74,150
259,950
14%

*Incremental Hydropower added since January 1, 2001
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2028
5,094,400
1,385,050
441,050
181,250
139,650
146,050
477,050
27%

2038
5,437,350
2,175,000
652,500
435,000
217,500
217,500
652,500
40%
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20018 Ol= JI&E 2Zcte S84 a0l & QUEtE e M=t
=2 25 hydropower2 =FotULCEH E&t ATHMHUXE BIS2 Wind
30%, Solar 20%, Incremental Hydropower 10%, Geothermal 10% %
Biomass 30%Z JIEGIHLE. 2038ENXl 40% == &S st SII=A
= MY OZ 0|FHE N2 Mlatol=0l, Ol= 200738 2008E ALHEZ

Jb Mgt 222 R AFGHTY.

HAHENUHXE 23t d5daES =lol)| foide O E2 AUZUE
EZR=20t1 Ol O 22 =M2XielE &g A0 gHEetE flet 2
Mz dah ANd24d 2 S22 & 28 2= SAUA 22HE 222
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Green Jobs Created

=Jt0ll et 22, S, =& £ XS

AN 20 XMoo A= A

A 2X0 et g2tE = U
[

ot EXNFXIOL Jtsg o

= olTZe 2aHE 2dXels HUIMZUA 2448 H0ICH SELNI|I=2
AMAEC=Z MZ&2 240U HIEJIetES U H HMSBHME A= IR SAH
otCt. BE =2 3820 Zset blades, gearboxes, brakes,

hubs, cooling fans, couplings, drives, cases, bearings, generators,

towers & sensors? &2 ME2 2= £ U= Jg 21=E2=0| UL

Olefst & Xtel=2 plastics and rubber, primary metals, fabricated metal
products, machinery, computeridt electronic products 2 electrical
equipmentdt 22 JI& MIZSHUAN &Mst H0|C.
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solar 212t &= 2 EAUHA 6 282 EXelE 2ts=+ U= Dl

2| JHAIA 2 A 0ICH

h= $0 I

LN e EANEUe =822H0| dX8= NS F20F otLiet 2R
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= A= MZYHE Reldte TAILE XAGUHAME 2XHelE MHMBE 20|

222 Geothermal 2€&&H|= 0l= AMEXNSGUH ALH EHE LXel=
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P
P

Power Usage by Current Residential and Commercial Sectors

Million Kilowatt Hours

2008 2018 2028 2038
Power Usage by Sector
Residential 1,397,250 1,245,450 1,076,850 908,200
Commercial 1,348,150 1,201,700 1,039,000 876,300
Reduction
Residential -11% -23% -35%
Commercial -11% -23% -35%

New Renewable Transportation Fuel Production
Cars & Light Trucks

(Million Gallons)
2018 2028 2038

Total Fuels 149,500 143,500 142,000
Alternative Fuels 34,500 41,000 42,500
Alternative Fuel Share 23% 29% 30%
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Renewable Power Generation 127,246
Agriculture and Forestry 57,546
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Manufacturing 60,699
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Engineering, Legal, Research & Con- 418,715
sulting
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S82 &M 0I=UUA JtE e d&Al

Ct. DOEZl EIA= 2007& &M, S LS
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20l U= LA olHXIE0l
I.

AlZEE 32.1 Dillion kilowattOl
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0 8% OHHl 21% SItotJ{ 20 2001 Ol 12l 581 SJtst A=z
=dotd UL 2007E X SHLHF2 29940 JHEN S=st &IIE
=28 = Use =F0ICH American Wind Energy Association (AWEA)O|
O|5tH 2008EFE SLGtLIS JIEHQ Gt 2 A=z MAct] Jed, 3
20 gt EXhs ASFEZ HEUEHN SESHUM 45% SIge A2
Olac 28 Tot Yol St A2 2B UL NBHel FXNHSIt
= dEMUMHNAN SELES HESS =010 JASH S & AT U
X ZESFl 10%= XtXIotD UCH Ol=W &M 2SS JIECe=z & WM
= 20078 J|IE2LE S 0.8%8H0] S M0 28t Z2H0ICH AWEA=E &
= 3L B2 20079 MareFol 2,584 Ol&Q AHZE 10,777 billion2
2 Moty UL XNEHECOZ= =22 ARXNNGH 4 HHE0 =20

North Dakotasms 1,210 billion kWh E& 2 JI& 2 RI20|ICH &9 404

== (North Dakota, Texas, Kansas, and South Dakota) &HXEH2=Z
4,500 billion kWh &2&0| Jisotld Ol aigd=s: AN S2& &IIE 3
=2 = Uz ==0ICt SHELHE I3 =22 AR0 XX S20 %
22 Its40l JA20¢, Maine, New Your, MichiganE &< 209 =0 &
el ULCH.
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Solar Power

solar power= &JIZ2dE 220N GRE 12
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U.S. Wind Energy Potential - Top 20 States

Billions of Kilowatt Hours Annuall

North Dakota 1,210 Colorado 481
Texas 1,190 New Mexico 435
Kansas 1,070 Idaho 73
South Dakota 1,030 Michigan 65
Montana 1,020 New York 62
Nebraska 868 Illinois 61
Wyoming 747 California 59
Oklahoma 725 Wisconsin 58
Minnesota 657 Maine 56
Towa 551 Missouri 52

Source: American Wind Energy Assn.

Annual Shipments of Photovoltaic Cells and Modules

(Peak Kilowatts)

Year Prn::ljlf:;:inn Domestic Exports Imports

1997 46,354 12,561 33,793 1,853
1998 50,562 15,069 35,493 1,931
1999 76,787 21,225 55,562 4,784
2000 88,221 19,838 68,382 8,821
2001 97,666 36,310 61,356 10,204
2002 112,090 45,313 66,778 7,297
2003 109,357 48,664 60,693 9,731
2004 181,116 78,346 102,770 47,703
2005 226,916 134,465 92,451 90,981
2006 337,268 206,511 130,757 173,977

Source: EIA Annuzl Photovoltaic Module/Cell Manufacturers Survey
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Hydropower (£=23gt

Hydropowere= &M 0l=2 GMOUHUX SUHAM JIE 310 2ESE UK
20IH &5 484 =0 20078 =8 HMO2 246 billion kWh JF A4
AN JASH 0l 2280 IR AFZSII0 28 #20ICH 20074
IELE =LdeE2 UMUUEX ZHo 77%E XtAotl] JALBH 0=
X M AO 6.1%E XtXIStLD UCE 00l ==L HO0| D= =3It
OlZeto] MAYRES XASHD AL, OtF o &&EE WX EMHot] U
Ct. 20062 0|= DOE= &% 3L H0l U&= FHWNUXNIAZA &5
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MAtES SHl2 SHE & JASH2D MLSIUCH IHE Z0l L& £
dMES =40 IR0 MIIE B2 = U= U2 Y(massive dam)Ol
CHEXOICEH 0l 8t ‘Large Hybro’ Z€Xd&HI= MAM =32 M AU 8%0t
£ XXt Yo =LA 80%E XHXIot) UCH &F 4&FH0| Ir&
=2 992 1 MWOIA 30 MW &IIE MAs £ As ‘A (Small
Hydro)” &#& ZZMEC}
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Geothermal Power (XIZgtA)

Geothermal OilUXl= =0 UHAHWUXICSZ H&6I0H LXeE &8
= As EOE HUXIZ0ICH 0 Jls2 XN-2 crust 22 &0t 0IE
AE 0lZ2otHL ®IIE MAStE 210ICH 1960EUHEE =JF IHXl o=
ctZ2 EEE I AIE} D 1970ECH2E 1980 CH Ol

geothermal M& A2 108 SItotCH 1 O 108 sCHille 232
NBHZ ZOtotACEH 1990E ) 0IF 0] &2 XX SO JIE
LHMASO0| S22 NS 2L HMED M22 ZZ2HE EXAS=
Ol THZ JI&=2 EXNLUA FEIHOZ GIEME 20/ UCH 2007E D]
ZOZ geothermalZ2 14.9 billion kWh &d& 2 MAMNOMH, Ol= 1.3840H
70 MIIE S=2 = Us n2010H 2= AMMUUHR L2 4 7%
XHXIGHALCE Geothermal OUXI= H=E &&EE = U= IJts4d0l Y=,
U.S. Geological survey2l A2Z = MM HMME geothermal & AE=
Sl ZAEESS2C0H 100 OlA2 2XIIsEES 21D Us Az IAGHY
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StCH. landfill gas, digester gas,
municipal solid wasteLt methane &2 MdJ| FA4=% HBIOIQIHAZ Al
SCD UCH &M HIoILQUAS UIREE2 MIIMAU AI2Z] A=A,

20079 &M ZMHFE2 2.380F Ji20 &I=5301 Jbsst 25 billion kWh
7 20|Ct. Ol= HIOIQUIIAZREH MME = QUs MO HUIE Otfs=
S04l Ol &NMESE0HE st ZA0ICH dMIed L AgiEs S
DA [, HIOIRQIHAE S8t =4 NMEMAE2 58H0E J132 O|AMH MIIE
S8 = U= 55 pbillion kWh OlA0] & = /U= AH0ITH

ENERGY EFFICIENCY — STATUS AND POTENTIAL

Energy Efficiency Standards

FHE AHE YO UK @g2482 =01 ot =22 2 H
SAL Ues sMHAMUHAN M2 DSJ|I3E =2 = Y= HdEs &
MaEs 221 QU 0l H==2 0I=2UHUHIMH &X HIUX 02 IREES
XS] /U2 UKl SSsAa2 fst NE=2 &AM WA AHIEFH0
AtES Fet=2 012 = AL

ety A=F0IL THEHOA JHE ZZ2F2l JIES2 otlk= United
States Green Building Council® LEED® (Leadership in Energy and
Environmental Design) 2 AIA&O0ICH. 2000& =EHH AIEE 0=,
LEED®= 0I=2UWHUHAM JtE EEXFOI Jeldd JIEez WSEAUCH U.S.
Green Building Council (USGBC)2 2008 1&€0ll LEED® for Homes™ S

LHOIHAN, =08 SH220)HA| &&otl UL

Jo
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Star Program Key Indicators, 2000 and 20062

Indicator 2000 2006
Qualified Products Products Sold" 600 million 2 billion+
Product Categories 40 50+
Product Models 11,000 40,000
Public Awareness 40% 68%
Retailers (partners) 25 g00
Mew Homes New Homes Built" 25,000 725,000
Home Builders (partners) 1,600 3,500
Commercial Buildings Buildings Rated" 4,200 30,000
Buildings Labeled” 545 3,200
Annual Results Energy Saved (kWh) 62 billion 170 billion
Net Savings (USD) 45 billion  $14 billion

“Cumulative Results Since 1992 Program Inception

LEED® energy &  atmosphere QZSIYHUHAN HEH2 IJI=E=S2
Environmental Protection Agency2l Energy Star® program= Jt0[=2tol
S JIxZ ot QUL Energy Star® T2 o = =2XM2 Jas MHB9
MEBES Aot AHIA2E JISSOHA X AFS0 et Sst 2E
MSE22M 0l &a&ct=0 ULCH Energy Star® ZZ2 )2 M=EZ2
green J|=0] €HE £ JAEE =2 ANJoI|IE &L

Energy Efficiency Implementation

el 24 T2HE MSHQ Hd ZME S AESIH sLst HY
Ao AlBote EEHZ2 deE D /Y=, 0l el A4S o SEst Dl
=NHE2 22X 222 20IstCt. e el Z2HES J|E ZZ2MEZ
O X0l= SEU AE&E= M=o AUCH S 0 &4HUMA2 2HS oLt
= 22 AISgXS2e XNAAXOICH RIgs2 el 24 HIa-Y0lLt
M AtESt Jtssh st =l THEe S0l CHol &3l OloHotAl 23dt2 U
Ct= &OICH 0l MEHAME AISEMS0l HUHA &2&el 249 S8
CHol DAHSUHH =20 JIt2™=I| HEC Energy Star® 52 ZZ ]
Geioz gl 44 D=2 88 BHIHD U200, dSHO A=
2 AIE2 D=2 ot XNalx=EF= &&otd JALBZ WEZ2 JIE
LEES UK @882 NSZ HSAIZ = JAS ANO0ICH ST U X
HeEd dYs2 &=0 dX MII=RE =011 2#&d dielE ets =
UeE J=1E N3 Aot
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RENEWABLE TRANSPORTATION FUELS

Transportation Sector Emissions
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U.S. Motor Fuels Production

Year Ethanol Gasoline Ethanol

Share
(Million Gals) (Million Gals) (%)
1997 30,674 2,826,051 1.09
1998 33,453 2,880,521 1.16
1999 34,881 2,895,989 1.20
2000 38,627 2,910,056 1.33
2001 42,028 2,928,050 1.44
2002 50,956 2,986,747 1.71
2003 66,772 2,990,949 2.23
2004 81,009 3,025,128 2.68
2005 92,961 3,035,889 3.06
2006 116,294 3,052,754 3.81
2007 155,263 3,050,614 5.09

Source: EIA
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10. 2=8 R&D FA &

4 (Battelle Memorial Institute)’= & MIH R&D A2 X F=Al
Ol CHet Hln-242 sl 20109 =2XH=E RDEAAZE MY

H DE HIE(Gordon Battelle)2 |4t 1702 €8 JI22Z, O
= 20l0|2=F S HAN st A2

IMN=E HIeE8HRZ2 A X&2 2= R&D MagazineOlAl OHE 2hsH
X2 o

AHoHol E2UE =Xt =5 & OtLlel, ZIIE A 2
]

Orel =2 =IJt=0 A RADEX

0 & MA R&D XE #2& 200950 14 1,125 A0, 2010 A
4% Sotet 1 1,5659% iz MY

O & AA R&O X +#22 Sits, S3W U9l XS5HQ RADEFA &
CHoll D1l
, =2 RADEA St Mg BHH, AE=R2

O OFAIOH =Jt2| REDSAIHZ O IPtA(Americas © O1=, JHLICH 2AIZ, B2, 0
SHIEILHE U F2Aoth, EUE FIHEJARM, MIH 2919 LE2 200982
B S30 Q12| RIDSFAIN SHIU FHXIDI AIE
% 20108 OfblicIotASl RADEA GlatHz 2009¢ CHHI 3.2% SJtst
4,528 20|, REde2 Al 0.5% SItet 2,6854 Zel=2 O
&, el OtAIOt=E 7.5% SItet 4,004HEHZ 4
O 20098 =, & A HR= FIIRAHMC=2 1 9,200 EHE XEotA

4, 0l = 38%E OtAIOHOIA XI=

-

_97_



< =H R&D FXAIY o]

(2491 : o grel)
soopu | 200881 | 20004 | 2010w | 2010F
2008 A | = ReD | = R&D | = R&D =
22 | cpp |CGOPHHll cxyo | sxia | =xa | M3
=3
(PPP 7IE) _;:Im‘% (PPP 71X | (PPP 7IX) | (PPP 7IF) g,ﬁzl
Eup | @B | @B g
TES 4481 4388 4528
A o s i y o
OFHIZ| 72 6630 % | (399%) | G04%) | (392%) | >3%%
14z ) 3,976 3,892 4,019 :
o= 2600 279 | (354%) | 350%) | (Gasw) | 2%
18% 3,590 3.724 4.004
A oo ’ » b} oo
oAl of 8000 1% | (0% | @35%) | @46%) | %
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olH = °o ’ ’ ) °o
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World of R&D 2008

Size of circle reflects the relative amount of annual R&D spending by the country noted.
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3. 0I=2 R&DEX
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(ARRA, The American Recovery and Reinvestment
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Light Protection: Graharm Fleming, Ana Moore, Torn Moore, Devens Gust (Arizona State)

Electrochemistry: Alex Bell, John Newman, Martin Head-Gordon, Rich Mathies
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<Peidong Yang: nanostructures and nanowires and device2l 2921>

man
-

<Somorjai: 64>

® 2SS9 list
=93 = = =
No|wH TLNY |eaw/ssu 3
1 | us 1982-416351 1982-09-09 Electrolytic photodissociation of chemical
(4460443) (1984-07-17) | compounds by iron oxide electrodes
> | us 1984-614282 1984-05-24 Electrolytic photodissociation of chemical
(4533608) (1985-08-06) | compounds by iron oxide photochemical diodes
3 | Us 1981-324496 1981-11-24 Redox mediation and hydrogen-generation with
(4439302) (1984-03-27) | bipyridinium reagents
1982-451336 | 1982-12-20 .
4 | US Nonaqueous electrolyte photoelectrochemical cell
(4459343) (1984-07-10)
5 | Us 1999-806540 | 1999-10-01 Magnetic switching of charge separation lifetimes
(6826321) (2004-11-30) | in artificial photosynthetic reaction centers
Enzyme-based  photoelectrochemical cell for
6 | US| 2002-507663 | 2002-04-16 ) )
electric current generation
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35 nm bundles &5 nm bundles 0, evolution depends on both bundle
and catalyst molecule

180 Cooxide
—s—(d)

35 nm bundle

—#——=8(c} 85 nm bundle

.
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2 Z

micron sized
particles

&5 nm bundle
(milica removed)

Co0304 (Spinel structure

- JHgs

=2t

I

0 <
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Very high catalytic rate: 1140 O, molecules per second per cluster (driven by visible light)
» Mild conditions and low overvoltage: 22°C, pH 5.8, overvoltage 350 mV; stable under use
» Size (35 nm bundle) and rate of catalyst match Nature's Photosvstem |l photocatalvtic assembly
« Suitable for integrated artificial photosynthetic system that keeps up with solar flux (10% W m-2)
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