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= 3M: Next-Generation Solar Collectors for CEP

= Argonne Mational Laboratory: Chemically Reactive Working Fluids

Boston University: Self-Cleaning CSP Collectors

+ Brayton Energy: High-Efficiency Receivers for Supercritical Carbon Dioxide Cycles

= BrightSource Energy: Flexible Assembly Solar Technology

Jet Propulsion Laboratory: Low-Cost. Lightweight Solar Concentrators

= Massachusetts Institute of Technology: Concentrated Solar Thermoelectric Power

= Mational Renewable Energy Laboratory: 10-Megawatt Supercritical-CO; Turbine

= Mational Renewable Energy Laboratory: Particle Recewer Integrated with a Fluidized Bed

Norwich Technologies: Advanced Low-Cost Receivers for Parabolic Troughs

= Oregon State University: High-Flux Microchannel Solar Receiver

« Pacific Northwest Mational Laboratory: Integrated Solar Thermochemical Reaction System

Pennsylvania State University: Scattering Solar Thermal Concentrators

» San Diego State University: A Small-Particle Solar Receiver for High-Temperature Brayton Power Cycles
» Sandia National Laboratories: High-Temperature Falling-Particle Receiver

= Southwest Research Institute: CSP Tower Air Brayton Combustor

» Southwest Research Institute: Supercntical Carbon Dioxide Turbo-Expander and Heat Exchangers

» Stanford University/SLAC Mational Accelerator Laboratory: Next-Generation Thermionic Solar Energy Canversion
= Thermata: Heliostat System with Wireless Closed- oop Control

University of Arizona: Advanced Manufacture of Reflectors

= University of California San Diego: High-Performance Nanostructured Coating

- University of California, Los Angeles (Los Angeles, Califormia)
The University of California, Los Angeles, is leading a team with researchers from Yale University and the University of California
Berkeley. to investigate liquid metals through a combination of thermodynamic modeling and a novel rapid screening process

= University of Arizona (Tucsen, Anzona)
Unwersity of Anzona researchers are teaming with investigators from Anzona State University and Georgia Institute of Technology to
develop and demonstrate new, molten salt—based, high-operating-temperature fluids with additives.
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- Green car congress, 2012.10.15 -

O (%) MF FYFE W BEAGe AAAR 53 T3
_ir_

solods ANe AF vpolonz FRAN AW 33
- A olYol =3 t & (Pennsylvania State University)ol]l 3% 5
3 ek of 1Y 2 E A o
o] ZEAHE+ USDA® AFRI(Agriculture and Food Research

Initiative) & T3lA AYE 6WA ZZAE=ZA, 20119 9¢¥
1 & UM(Tom Vilsack)> EIEHYG HA A9, HF
T, B9 T, 98 —7.‘4011 4 x% 574 103 Al=EEo] AAE % 57

oA Aeks WEUR, oA, 29X 2Yxae) gL v

‘l—- 1
Lz 2ol HTE Ao, 5 AT, uE = T
F

= o "1 LI

= ET Hlole AR 1 Uete #AE 128 A
B zZzAEE AgAste §8S B W0 FYAAT A
ol bedtm, FAE A % wole dmst FB vole A
525 AR =ofkE Aolw, nlo]emiAE 8, 5, AXT

_13_



O JHLICEL 24&J1A E H 29E0

TH F93a 2012.09.28 -

- FHutct B

O (%) GWhE 420 ©|3, d# -2 50 ©]

78, CCs 7lex A& 7

- 3, Yt AEE 20109 6Y AHRFEA 2472~ wjE 7

o
2=
L

Nlo

A kS 2012

H(sector by

sector approach) A%

12 33] 9o A 2020 @ 7FA] 2005

At 7

- Yo 20093 =

vl Z3F o] 607H 7FE(-17%) S HE3HE

- A

=A7M= wE

T—
) .

sEAA ] AP e,

- 20123 7}A] A7t v &3S 1990 thH] 6% TW

Ae A el FHeolm 2009

3k

WEL Y Aol A
9 vty AV~ wESEHE 19909 BT 17%

T
) BN

5

=
=

s HOE

=]

O (NAH) HF-Ee =7}

Al

?l_

chep

_14_



(] FHLICEH EBHYHOIEE 97%= Ml H1JIE 24 &

- SolarServer, 2012.109 -
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boiler heat pumps | heat pumps thermal
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PCT v = d2 il

IPC

‘08 [ ‘09 | “10 (&AI| ‘08 | ‘09 | “10 | &A| ‘08 | ‘09 | ‘10 |AA [ ‘08 | ‘09 | ‘10 | &A
B60H 210| 156 173| 539| 222| 230| 139| 591| 925 565 678| 2168| 346| 399 477| 1222
FO4B 630| 453| 523| 1606| 874| 723| 717| 2314| 1262| 834| 782| 2878| 1643| 2388| 2843| 6874
F04C 301| 274| 283| 858 214/ 139| 130| 483| 1004 705| 711| 2420| 1001| 1052| 1051 3104
FO4DF 461| 383| 543| 1387| 564| 623| 652| 1839| 1126 950 909| 2985| 2453| 3327| 3985| 9765
F4F (oo}, 8F7] | 525 495 607| 1627| 760| 763| 312| 1835| 2852| 2504|2380| 7736| 2842| 3335| 4206|10383
F25B 475| 557| 515| 1547| 297| 290| 790| 1377| 1836| 1319|1173| 4328| 2067| 2136| 2494| 6697
F25D 541| 440| 456| 1437 654| 673 685| 2012 937| 700| 696| 2333 910| 1086| 1469| 3465
F28BCD 365| 324| 415| 1104 586| 686| 604 1876 601 543| 513| 1657| 1587| 1738| 1781| 5106
F28F 319| 324| 376| 1019 667| 804 817| 2288 744| 608| 578| 1930 538| 1793| 1958| 4289

3827/ 3406| 3891|11124| 4838| 4931| 4846|14615| 11287 8728| 8420|28435(13387|17254|20264|50905
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[0 Na€ 012%t 0IUXl N X EX)|s

- 2012. 10. 7, ECS 2012

O (B%) Sal= 2223] & 9ol]dk ECS stedide H7]8tst #ofd

A AYUE FeUsZ A © dﬂi}f—f} Tokll Al MRS ¢ 3
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re

Z HHASEFH A+ R UXIEL)IE JHE &<
- Energy Futures Lab., Imperial College, 2012.03.14 -

[ &,

O (@3%) Imperial College, Manchester U], Durham o d78-2
o] MAEERFH A B oUuAgLe] Thedt AdAEE
o 20139 A5E HIERE FeNE A

217} ke Asp/ e

O (AMAHY) oA/ A&/ = S
Rlo] AEo] a7EHE oA/
=

=7+ X3 97X/
A AFol 71 & 9l

- 2238 KIERZA AA oA/ A% /= F=F sid 7143}7]
9 7N FE NS AED o1
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(] DOE Hydrogen & Fuel Cells Program Plan

- 2012.06. 45th Power Sources Conference

O (¥38) Power Sources Conference W] 2dvlth W= Las
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O & 30 (Low-GWP) Jig)lEs &d

- ASHRAE/NIST Conf.

O AF2dstayrl e Yo/pdds) 2 A4 g3
(New, Low Global Warming Potential Refrigerants)

- A2 e Frbse] AW W WS AFAAY AEST
A= Aol b Aty e Al Yrle olntx R-1234yf

MHo2 ASg ool ¥ dAzHe F71
= o
=2

= ey

, & GWP(Global Warming Potential)Z <& 4 Ql&=d],

, Al Yol R1234yf= 40 B3

A2 HWETA T A &8 (Tailpipe CO,  emissions

2R
Q)
=
<l
PN
I
- YoAbg o2 Q1S AF st JFF AZ diE AT 2d3E)
A
2
=]

_/_'“_
Sk gol AHgEE RIdMaThE AT 457} 1430¢]
Y

- GWP
017%

< %7(]6‘]’92‘4’. J_ﬂ'; U]?ilﬂol-
AE= 2010 4€ 195 H, 7] 3B H(EPA)S T3t o]itsiet

credit

system)& AA 3], EUSH 5UF 4710 4 WulE Heses

g5t

o]l o
PI=

A3 (JAMA)E 233 A 73 TAle} 7]
A

O (AAFE) R1234yf A= dA) & bE oojzd A|2=H o
2 g oeng, d AL A W 'S}Xl il R1234yfS
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- 13U R1234yfe 714 0] tha v o] 9lo] oA = AlZ&
Qo] el B# 87t A%HT G ol W] LFofA
ASHRAE/NISTE #%°2 2 20121d 10€29-3047}A] NIST| A “
Alternative =~ Low-GWP  Refrigerants = Moving  Towards
Sustainability” A3}2] Conference® 7l 33

+& X
http://www.ashrae.org/membership—conferences/conferences/ashrae—conferences/ASHRAE-
NIST-Refrigerants—Conference
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(] Raman JIg& 0I18% H &ct2A8 EFJISs2NM

- SET 2012 Conf.

MO

Shredded waste plastics

¢

(Pnaumatic and metal separator ->

Electronic products | {8 f
2, Putty remover
Post-consumer
electronics (Gravity classification with water )
Closed loop
RE-pEi[El recydmg @ravit\_.r classification with heavy quuia
plastic waste @l—‘

Sorted plastics

| Conveyor controller |

Air gun driver

Raman
identifiers

Open recycling ; __. Vibrating foede
Pulsed air blast e 2
downgrade plastic s i_‘. B2\
products ~

[Mechanical recycling of plastics] [ dFez Fg2gS E7ste MEe |

=<
el Wi o g AMREH 4 dE 7]EF o= Raman, IR, NIR,
A+=H, o]Fo]A Raman 7]&2 o|&3A H=
228 9] Recycling€S 3 ms7HA] =0l JIAEE FAI=

710l 2= M=

- o] 7l&2 AAZ 200~500 kg/h, 100m/min®] conveyor & Xl
Al testingo] Ho] & FOE AMEH & vk 3

« =zM= : High-Performance Recycling System for Waste Plastics using Raman
Indentification by Hirofumi Kawaznui etc. (Kinki University, Fukuoka, Japan)
=235 SET-2012-331
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O 124 fREWlUXIBHER-2 58 HIUXISY S& I

O (A 201213 99 WU zol A AHE A123F AIEE(H A oy =] %
At -fFHstet )= g FAd S22 YA A4S g

[+ A= AH A<t

- Planery session® Al ZZWo| =] o] Hste] B =97}
AN 1) energy supply and security, 2) new energy
policies in european countries, 3) energy market, 4) Energy
access: energy poverty, 5) Climate change 522 A 23}
A e F2E AUAEAY] 54T siaxd sk oefdt

=7 S

_53_



O H=, S3J1 HAINUX] Jlg JHE =E-t0|2 A=9 3L

O

- '12.9.4, AOAIS Conf. -

(B%) "= AF= A2 dAANTA 7/l AE (AEDP,
Alternative Energy Development Plan, 2012-2021) 4

B A BxE 202197HA] AA oAU A LR 25%S thA 9
A2 o]&dte AY

fo
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L5 A HFAA ALEEHE HAA 95 F 4% UiA

AR vlol o gt& ] A “gasohol”’®] FEH (E10, E20, E85)=E
THshd 2021374 &} owiwt Y BF BX%

Hlo]l oA el AL Al 9 FoZEE nlo]louAL XSl
Ron, Y5 E}%‘:ﬁ}% E3) 2021300 ¢F 6wt 2lEH Bg X

A4 BD5%(HF Tl voletld 5% £ FALE 8%
3ulwk 2 T

g, we 44

BE grE olWslea w3, B &
P 3 2 BUe HHm gor ol

oA mAER Hol
el H=2<0 Ad 74

_54_



] SuperGen DoSH2 = )&

- 2012. 8. 27 Euromembrane conference -

>

o (%) ITAME =4 Fa A

= < 9% 4A7]1=& SuperGen
DoSH2 =2 1388 E3] 53

- SuperGen DoSH2(SuperGen Delivery of Sustainable Hydrogen)
s T3l 1378 tisto] ofefel 2ol A4V gE WHoeR
HBH Fa AL Tes NEsta A+

University of Warwick : H}o] w2~/ F| 7| & ol A FAaAPA
AR Fr7laEA Sl

Cardiff University : 95 % Hlo]Q AT ZHEH F4 LS
#38 ol9l Troger's baseE X &3t w|A7]F LA 7
University of Birmingham : +4&A4HS 93l B2A® I8

®)
AWENS BAF Pd FF/0hEH 2Hdds 29 B

T e =

it

=22 N

University of Newastle : &3] 3 F4oA|2E A3 o=
=4 2y

Imperial College of London : v ©@X] FJFAMS o] &3

wge BAFY A7




o (A1AFA) KIERS] A

grhxoz AEd "o YT Al
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ARFH AR

Z=1

[ 2] SuperGen DoSH2
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L]

=2 Helmholtz Zentrum Berlin (HZB) - Development of
Cehmical Bath Deposited (CBD) Zn(S,0) Buffer Layer for
CD free CIGSS Thin Film Solar Cells during the NeuMaS

Project
- The 27th EU PVSEC 2012 -

O (8%) 71E9] AGSS HfAA 0 AREE= CdS H 3T 4l Cd7t

O (AIAFA) Zn(S,0) MHFL 7]& CdS M H 4 Hl3] F5EZ o]
< 5

= Zn(S,0) HMHSS o|&3to, CIGSS Bl Fd A 7iE
- FF = 71%, Voc = 613 mV, &8 169% &4

Al bAoA
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[0 e&, Tokyo Institute of Technology - Highly Textured ZnO
Substrate Fabrication on Etched EAGLE-XG Glass and Its

Application to a-Si:H Solar Cells
- The 27th EU PVSEC 2012 -

O (%) 7Y aSiH ®HEHAY AEH= Fy7R
EAGLE-XG fg7|%o 2 o
a-Si:H e Ao &

- BUAY HYT e B BE 114% DA

- 929l AgolE oje) shA W o aSiH BFAA W I}
A FIS AT ATALe] 1Y FY
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- EUROCORR 2012, 2012.09.10 -

o (8%) co29
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1 =-CSP SunShot R&D =1 util MA

o (@%) 20121 64¥, "= DOE+ Concentrating Solar Power(CSP)
SunShot R&D FOA(funding opportunity announcement) <%

e A4,

- ofgfel Fo] F 21 Ho] AAHIULH, olF 3 X(E=

Z9A CO2 #d A FA=ZE AA

5

Al

3M : Next-Generation Solar Collectors for CSP
Argonne National Laboratory : Chemically Reactive
Working Fluids
Boston University : Self-Cleaning CSP Collectors
Brayton Energy : High-Efficiency Receivers for Supercritical
Carbon Dioxide Cycles
BrightSource Energy : Flexible Assembly Solar Technology
Jet Propulsion Laboratory : Low-Cost, Lightweight Solar
Concentrators
MIT : Concentrated Solar Thermoelectric Power
NREL : 10-Megawatt Supercritical-CO2 Turbine
NREL : Particle Receiver Integrated with a Fluidized Bed
Norwich Technologies : Advanced Low-Cost Receivers for
Parabolic Troughs
Oregon State University : High-Flux Microchannel Solar
Receiver
PNNL : Integrated Solar Thermochemical Reaction System
Penn State University : Scattering Solar Thermal Concentrators
San Diego State University : A Small-Particle Solar Receiver

for High-Temperature Brayton Power Cycles
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SNL : High-Temperature Falling-Particle Receiver
Southwest Research Institute : CSP Tower Air Brayton
Combustor

Southwest Research Institute : Supercritical Carbon Dioxide
Turbo- Expander and Heat Exchangers

Stanford University/SLAC National Accelerator Laboratory:
Next-Generation Thermionic Solar Energy Conversion
Thermata : Heliostat System with Wireless Closed-Loop Control
University of Arizona : Advanced Manufacture of Reflectors
University of California San Diego : High-Performance Nano

-structured Coating

o (AAFA) ZUA CO2 #H AlolE dF= FAZIA A=A
T 4ol ¢t 7l =, KIERJAAE 7ido] Za g

[Z 4]

http://www1.eere.energy.gov/solar/sunshot/csp_sunshotrnd.html
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U.5. DEPARTMENT OF

ENERGY

SunShet Initiative

SunShot Initiative D -+

‘Sesrch Help ¥
SOLAR PROGRAM FNANCIAL OPPORTUNITIES INFORMATION RESOURCES EVENTS
EERE # SunShot Initiative » Solar Program [Ch Printable Version [ Shese
Eomestrifig S Concentrating Solar Power SunShot Research and Development Awards
sk In June 2012, DOE announced the awardees selected from the Concentrating Solar Power (CSP) SunShot Research and Development funding
Systems opportunity announcement (FOA). A summary of the projects and funding /- is available. The following projects were selected under this
Compoanents competitive salicitation:

3M: Next-Generation Solar Collectors for CSP

Argonne Mational Laboratery: Chemically Reactive Working Fluids

Boston University: Self-Cleaning CSP Collectors

Brayton Energy: High-Efficiency Receivers for Supercritical Carbon Dioxide Cycles
BrightSource Energy: Flexible Assembly Solar Technology

Jet Propulsion Laboratory: Low-Cost Lightweight Solar Concentrators
Massachusetts Institute of Technology: Concentrated Solar Thermoelectric Power

Competitive Awards

CSP Research &
Development

- Thermal Storage

- CSP Recovery Act

- Baselnad National Renewable Energy Laboratory: 10-Megawatt Supercntical-CO» Turbine
- £8P Sunstiot Nat\n_na\ Renewahlg Energy Laboratory: Particle Receiver Imeurat_ed with a Fluidized Bed
Norwich Technologies: Advanced Low-Cost Recevers for Parabalic Troughs
Photovoltaics Oregon State University: High-Flux Microchannel Solar Receiver

Pacific Northwest National Laboratory: Integrated Solar Thermochemical Reaction System

Pennsylvania State University: Scattering Solar Thermal Concentrators

San Diego State University: A Small-Farticle Solar Receiver for High-Temperature Brayton Fower Cycles

Sandia National Laboratories: High-Temperature Falling-Particle Receiver

Southwest Research Institute: CSP Tower Air Brayton Combustor

Southwest Research Institute: Supercritical Carbon Dioxide Turbo-Expander and Heat Exchangers

Stanford University/SLAC National Accelerator Laboratory: Next-Generation Thermionic Solar Energy Conversion
Thermata: Heliostat System with Wireless Closed-l oop Control

University of Arizona: Advanced Manufacture of Reflectors

University of California San Diego: High-Performance Nanostructured Coating

Reducing Grid Integration
Costs & Technology
Risks

Accelerating Deployment

Approach
The SunShot CSP R&D program seeks to accelerate progress toward the cost target of $0.06 per kilowatt-hour through novel and revolutionary
research into CSP technologies. The awardees are working to produce dramatic improvements in CSP performance and cost by:

* Increasing system efficiency through higher-temperature operations
» Minimizing optical and thermal efficiency losses in the system
+ Reducing the cost of the solar field.

Innovation

This applied research program supparts technological developments that have the potential for dramatic improvements over existing
commercial and near-commercial CSP systems. The revolutionary concepts being explored by the awardees target each subsystem,
including collectors, recewers, power cycles, and associated hardware.
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LERE

=33, Harbin Institute of Technology SOFC2

LSCF/GDC 3J1= &

L]

- 2012 Asain SOFC Symposium, 2012. 9.10-9.14 -
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[0 20104 ZSW stuttgartOiiAl Sa18t CIGS EHAEMX & 8S
20.3% J} 201249 EU PVSECOHIMET OiZ0| JHOIXIX] &1 US

- 27th EU PVSEC THA|Z| -

O (d3&) 2010d0 ZSW stuttgartol]l 4] 27338k CIGS El YA AlA
Hu A 582 203% 7F 2 3R oA CIGS B FHAA A9
A &2 golon, ¥ 273 EU PVSECIHAE &% Ao

THA AAE =

O (NAF) CIGS BFRA AW Foel e @A A AAZeR
Fegze) 38, GFEHT 2 f7) dPaAste hybrid 7%
B2 5 0@ AEE s 9o, okdnx E&e & ©A
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O =%, O0I3=1dE Jisiig s

- (2012.9.3, Evora Symposium on Microgrids)

o (@%) "= DOEx= dxAl vwlo]Z=Za8]= RD&D(Research

Development & Demonstration)dl ¥ 3}

g Aoz
- AAAIZE 98% 75

719 UPS + YA 7] Al=glo tgh

w717k 20% 0] 7=

Al2E iR Es 20% ol S s
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O =, OOIT=1dE Jisiig S

- 2012.9.3, Evora Symposium on Microgrids -

o (83%) ¥¥ NEDO= 20114 3¥ FFAIn} A7 2yu|= 1%
ARAAE 4% 23 As|717r &2k Altto] wlolagE agj=
ArNE AHQle] AESs F5e AMH FEst 14lF YA
TEAIEHOEZA Y wlolma2adE AFE Agsial o =
AREES T2 EZAHO Z Sandia Nationa Lab¥ 352 Z New

Mexico 5= Albuquerque®} Los Alamosol|A] wlolaz = 4

ZAe S Je

Aichi Microgrid : ¢ PV, NAS Battery, Fuel Cell, Smart
FY 2003-2007 AL REE Balancing (by 10 min. Metering, PMU (Phasor Measurement Unit)
) . ; Balancing (6 min. . \
Hachinohe Microgrid = Wind, PV, LA Battery, Gas Engine, Smart
FY 2003 - 2007 600 kW NEDO rnaw‘ng average), Power Metering, PMU
Quality
Kyotango Microgrid : ; Wind, PV, LA Battery, Methane
FY 2003 - 2007 L A Balancing By Smind £ ertation, Fusl Gell, Smart Meteing
Sendai Power Quality , . .
Management 950 kW NEDO Balancing (P):I Lé\mzar:t:d::eﬁ:pamtor, Ay e LT
FY 2004 - 2007 i &
St Gonstasetion Private . PV, Ni-MH Battery, City Gas, Smart
Company GO0KW Own Balancing Metesing
FY 2006 -
i ; ; Utility . . ;

Mivako Island Microgrid 50 MW (Okinawa Balancing, Power Wind, PV, NAS Battery, SCIBT, Gas
FY 2009 - 2013 Quality Turbine and Thermal

EPC)
H|‘gashrda Cc*gen.eratuon Steel Balancing, Power Wind, PV, Li-ion battery, Fuel Cell, EV,
(Kita=Kyushu Project) 33 MW y e

Company Quality Smart Metering
FY 2010 -
New Mexico - Los Alamos D'.SFrIbUUDn : PW, NAS Battery, LA Battery, Smart
FY 2010 - 2013 SR Selstoing Metering

{+ NEDO)

. Building ; . .
New Mexico - Albuguerque Ancillary Service, PV, LA Battery, City Gas, Fuel Cell, Smart
300 kW Owner : :

FY 2010 - 2013 (+ NEDO) Balancing Metering

[Los Alamos]

2vk7b o] AFYE PV 2WW, ¥lElE] 1MW, EMS S22 T4%
plolA2 adE AF
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- APLE S92~ A PV 3K, BlEE] 20K, <€, S80S A

- A9E Udel Py, AR, @8y, ¢, WHIR FAEHe
=

_]
folER a¥E 75 R A3

- #o7]4d: Shimiz, Sharp, Meidensha, Fuji Electric Systems,
Toko Gas, Mitsubishi Heavy Industries, Furukawa Electric,

Furukawa Battery

1/’ NEDO project | ;ﬁ,ﬂzﬁ;ﬂ;ﬁ;

to DG and Direct control signat

\
N o Thermal storage (ONn/OFF signal etc.)
¢ NEDO pGrichEMS
. \\‘ =
n iy - " o ~ N
® 1= Independent operation possible building % NEDO House 11 N
R\t 5 P\100kW. Gas Engne Cogeneration, (Dprion)

BEMS, |ce Thermal Sterage

qPowerﬂnu’ /;\
|momlurfngat B ol
\ |lro erof J.f N b
Sli‘:\st‘aﬁnn jmicro-grid _/J
o
| i ' ; T
. Monloring
\Qvouzpur
‘ i
L 4
\-
T AN "
& = 1% Side menagad
'\ Other Buildings  Battery Storaga(PNM) PY System(PhM] Rasidental Houses (with Smart Meter] /-
- .

192, SNL-NEDO T A|¥& ZZAE

Ly

o (MAHH) €# NEDOE %<t Sl dFAges 58 7)
& ge AR FEoZ MF, FH T A A3

|
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1 Nanosolar (O01=3) - Flexible CIGS thin—film solar cell
- 2012.09.27, 27th EUPVSEC
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1 Tu Delft, Silicon thin—film solar cell

- 2012.09.26, 27th EUPVSEC
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- CARISMA 2012, 2012.09.03 -
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O =H HSAEXNEN J|g ST
- 2012. 9. 4-6. International Workshop on Salinity Gradient Energy
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T 450 kW,
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