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5 12 2008 2007 3.09
370 120 4
50 2015 2 3
/gge 30 kW 300
gge = gallon gasoline equivalent
R&D
R&D
DOE 2006  2.32 2007 2.74
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(Department of Transportation) 142
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$1,105 $467 $383 $1,055
$979 $888 $9,412 kW
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2007 2015
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1.3 2020
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100
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2015 2020
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4 BTH Biomass to Hydrogen (Fischer-Tropsch fuel from biomass)
5 CCS: CO2 Capture and Storage

13




.1004, 2007.7.25

2007 2015 2007 2020
2.2.2
IDA-2 759
]
380 5]
331 [m]
2.2.1
6 IDA-2
2.3 IDA-3 ( )
2015 1GW
PEFC SOFC MCFC
SOFC
IDA
3
SOFC

14

MCFC




.1004, 2007.7.25

EU
2.3.1
SOFC | PEFC | MCFC
L J L J L J
[ J [ J [ J
L ] L J [ J
L J L J L J
L J [ J L J
- -
L ] L J
- -
L J L J
[ J [ J [ J
L J L ] L J
)
2.3.2
IDA-3 2,853
706
O SOFC
O PEFC
m]
7 IDA-3
2.4 IDA-4 ( )

IDA

15




.1004, 2007.7.25

24.1
FC
(ax
(ax
)
(ax
)
( o
)
)
)
2.4.2
IDA-4 1,109

234

234

FC

FC

8

IDA-4

16




2.5

.1004, 2007.7.25

IDA

4 IDA

ISO IEC UN/ECE

1 3 5 6 7 NEDO

European Hydrogen & Fuel Cell Technology Platform““IMPLEMENTATION
PLAN — Status 2006”
https://www.hfpeurope.org/uploads/2097/HFP_IP06_FINAL_20APR2007.pdf

NEDO

17



.1004, 2007.7.25
DOE 2007
NEDO
5 DOE
Merit Review)
1. DOE
(1)DOE
DOE DOE
12003 1
DOE
(2)
“peer,,
3 DOE
2006 250
1 DOE 4
2DOE  web 2003
3 9 10

Peer Evaluation Report
Program Annual Progress Report
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(3)2007
2007 DOE
2007 5 15 18
Crystal Gateway Marriott Hotel
DOE
1. DOE
2.
3.
4.
5.
6.
7.
8.
9.
10.
http://www.hydrogen.energy.gov/annual_review07_plenary.html
5
1
1) 60
A. 12
B. 9
C. 12
D. 7
4
SDOE web 300
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E. ( 14
)
F ( ) 6
2) 70
A. COE(Center of Excellence ) 15
B. 2
C. 3
D. COE 19
E. 3
F. COE 14
G. 3
H. 5
6
3) 66
A. 11
B. 9
C. 21
D. 25
4) 16
5) 12
6)
7)
8) 45
A. 20
B. 25

()

http://www.hydrogen.energy.gov/annual_review07_proceedings.html

2. DOE
DOE

(1)DOE
DOE
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(2) °
2015
2004 2008 5 12
12
2004 2005 2006 2007 2008
C ) C ) C ) C )
157 222 232 274 309
2005 4
DOE
2005 2006 2007 2008
C ) C ) C )
DOE EERE 166,772 153,451 193,551 213,000
DOE 16,518 21,036 23,611 12,450
DOE 8,682 24,057 18,665 22,600
DOE 29,183 32,500 36,500 59,500
(DOE) 221,155 231,044 272,327 307,550
549 1,411 1,420 1,425
221,704 232,455 273,747 308,975
Energy Efficiency and Renewable Energy
2008 +13%
EERE +10%
7 +63%
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EERE
EERE
(EERE)
2005 2006 2007 2008
C ) C ) C )
1 13,303 8,391 34,594 40,000
22.418 26,040 34,620 43,900
31,702 30,710 38,082 44,000
3 26,098 33,301 39,566 30,000
7,300 1,050 7,518 8,000
6,753 939 7,419 7,700
9,469 637 4,056 3,000
5,801 4,595 13,848 16,000
0 481 1,978 3,900
3,157 4,787 9,892 11,500
6 0 0 1,978 5,000
535 0 0 0
40,236 42,520 0 0
166,772 153,451 193,551 213,000
1
2
3
4
5
6
7 2
““earmark””
NEDO 2005
500
500
300
2008
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(3) FreedomCAR and Fuel
FreedomCAR and Fuel 8 DOE

1 FreedomCAR and Fuel

Executive Steering Group

Joint
Operations
Group

Fuel Tech Teams Joint Tech Teams Fuel Cell & Vehicle
Tech Teams

F&*eed____A&

Partnershi
Fuel P
2
S110/kW
3000 | @
P
e
2
X
2
g
g > K>
30
1990 1995 200 2005 2010 ¥ 2015
8 2002 DOE FreedomCAR 2003

FreedomCAR and
Fuel
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2003
1,000 2005 2,000
5,000

000

S000

5000 7

4000 T

~ 2000 A

2000

2000 7

1000

1000 _r‘

o T T

2003 2005

)
2003 2006 3
$2.00 $3.00/gge?®
““Gallon Gasoline Equivalent”” 1kg
2015 $2.00/gge

2017 $3.00/gge

$8.00

$7.00

(gge)

£6.00 1
$3.00

£4.00 -

$3.00

$2.00

$1.00 1

£0.00 " T T : .
2003 2006 2010 2012 2015 2017

$2.15 $3.22/ 2005 7 2007 6
ElA:Petroleum Navigator
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(6) DOE
2007 9
2008
(7)
DOE DOE
50/50 4 GM BP
BP

77

10

53 58%

103 190 165 304km

1200 36,000

(DOT) 8
DOE
3.
DOE 3
3. 5
(1)
(@)
2010 45 KW 60
5000 (80 ) 2015 30 /KW
2011 LPG PEM
40 40,000 750 /KW
2010 50
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1,000Wh/L
2010 3 50k
1,000Wh/L 100 /kg
o 2008 18.00
14100 |m Fr 2008 32 My
. i Y 2007 Appropniaton (57,1 M)
(Membrems) 12.00 1 FY 2008 Roguest {62 7 M)
10,00
(Catalysis) 2.00
8.00 -
4,00
2.00 A
(Water 0.00 -
Transport) e & ;:,4? o
_ & &O\& (# f ‘,@'g {\ &of
(Dist Energy ‘-’ﬁ@“ {}%& Ki @ 'ﬁ&
Sys) o w Q.‘@ Sy
o
Fuel Cell System Costs Fuel Cell System
Status vs. Targets Durability Status vs. Targets
5000
e
2 :
= T 2000 f
20 000 |
—— . |
2002 2006 2015 2003 2006 2015 |
Baseline Status Target Status  Status Target |
10
(2)
o 300
2010 2015

6Wt.%(2.0kWh/kg)

9wt.%(3.0kWh/kg)

1.5KWh/L(45g/L)

2.7KWh/L(81g/L)

$4/kWh(  $133/kg Hy)

$2/KWh($67/kg Hy)

(Min.Full Flow Rate) 0.02g/s/kW 0.02g/s/kW
5kg 3 2.5
1,000 1,500
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o -
No technology meets targets- results include data from vehicle validation
180 — I 3
) kP L oA
i = g s gl
. 100 | L o
=] |2010 targets |2015 targets |
E T8 |r e _E E -
-3 |
5] bll'.:.lr'f:!JI'l ent |..Ill.u1 |
£ 50| usanc 218 mege L o
E } complex :m. " liguid ydiogen -? e-
2 ke ¢ W crycompressed ~ 103-180 miles
25 = B 700 bar Independent validation
| Q ) s b (DOE Tech Val Program)
o _ 3y
o 2 4 - B 10 0 26
Gravimetric Canacity tart%)
FY 2007 = $34.6M
(3) FY 2008 Request = $40M
o 2008 2 —
8.0
8.0
7.0
s &
(Dist NG) 2 iol
(Dist 20 1
Bio-Loquids) e
(electrolysis) épb &
&
(@ FY 07 mFY08 Request |
FY2007 Funding = $6.6M B
o FY2008 Budget Request = $8.0M
2008
3.0
. 25
(Compression) 20
(off-board storage) s 1'5
(liquefaction) " 1In
(Analysis) 05 .
(Pipelines) 00
ipelines .
: &5 & & &
P A
'@ FY07 m FY08 Request |
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NEDO
DOE DOE
NEDO
930 300 170
2006 320
71 22
BES
NEDO
( )
( )
Hydrogen Posture Plan 2030 2040
2015 2017
2010
Back to Basic
(SC)
RE
2008
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DOE
DOE

(HTAC=Hydrogen and Fuel Cell Technical Advisory Committee)

( 4. NEDO

Annual Merit Review Highlights 2007 DOE Hydrogen and Fuel Cell Projects

http://www.hydrogen.energy.gov/annual_review07_proceedings.html
DOE

http://www.hydrogen.energy.gov/annual_review07_plenary.html
Program Overview

http://www.hydrogen.energy.gov/pdfs/review07/pl_1_davis.pdf
DOE web

http://www.hydrogen.energy.gov/

29
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[ ]

1974 2003
2006 5
NIP
NIP
4
2007 2015 21 1,700
EU
54 24 12 10
65
2007 NOW
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NIP
2.1 2007 4 30
1)
2015
2010
2)
2010 450 30-33 1 2012 2250
33-35 2 5000
2020 7 2000 1kwW 1700
3)
2010 50 2012 4
4)
2015
NIP
2007

NIP = Das Nationale Innovationsprogramm Wasserstoff- und Brennstoffzellentechnologie
NOW = Nationale Organisation Wasserstoff und Brennstoffzellen GmbH

= Das Nationale Innovationsprogramm Wasserstoff- und Brennstoffzellentechnologie

= Das Nationale Innovationsprogramm Wasserstoff- und Brennstoffzellentechnologie,
Workshop des Bundesumweltministeriums ,Perspektiven der Brennstoffzelle®

= Nationaler Entwicklungsplan Version 2.1 zum Innovationsprogramm Wasserstoff- und
Brennstoffzellentechnologie

= Stand des Nationalen Innovationsprogramms Wasserstoff- und
Brennstoffzellentechnologie, 3. Vollversammlung Strategierat Wasserstoff
Brennstoffzellen

www.nkj-ptj.de
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2003
R&D
2010
™
1
2 2005
RD&D 2 1,800
C 290 2004 18.2%
8.0 2004 215
2005 142
Formina™ Power Pack 3
Micro Hydrogen™ 4
2007
BC
5
™ 20
™ 5 10 C 1,200 4
3
BC
8900 C 105 8
1 Hydrogen & Fuel Cells Canada http://www.h2fcc.ca/cfm/index.cfm
2 Price waterhouse Coopers http://www.pwc.com/
3 Tekion Inc. http://www.tekion.com/main.htm
4 Angstrom power Inc. http://www.angstrompower.com/

5 ecoTrust funding
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20
2010
™
21
7
8
a.
b.
HCNG
C.
2
1,000

1]

Hydrogen Highway™

2007.7.25

99.999%

20%

2,000

™

1,800
IWHUP

450bar

350bar
80%

http://www.hydrogenhighway.ca/code/navigate.asp?1d=265

6 Integrated Waste Hydrogen Utilization Project (1.W.H.U.P)
7 sacre-davey group http://www.sacre-davey.com/
8 Dynetik Inc. http://www.dynetik.com/
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(PEFC)|
1993
2017 10,000 25,000
2007 10,000
GlashusEtt
2
ABB
Fortum Stockholm Vatten
3 2002 2005
3
3kw
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2
4kw
2004
1kw
electrolyser
2003 2,200 kWh
2,600 kWh 5,500 kWh
13% AC 56%
31% AC
ABB
PEFC Polymer Electrolyte Fuel Cell
Proton Exchange Membrane
H Power RCU 4500-2 2002 5 2004 5
2003 2 8 2.5 3.5kw
8.5kW 900 2,400 kKWh
2003 11 2004 1
Plug Power USA
2004 5
50

H Power 2003

Avista Independence 1000
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( ReliOn ) 2004

450 320 kWh DC 36 40 AC
500w 31

SOFC Solid Oxide Fuel Cell
2007

GlashusEtt
http://www.hammarbysjostad.se/glashusett/

2 ABB GlashusEtt
http://www.abb.se/cawp/seabb361/311353f0002e00fd41257251002e90d6.aspx

3 ABB Fortum GlashusEtt

7-8
http://www.energimyndigheten.se/WEB/STEMFe0le.nsf/V_Media00/C12570D10
037720FC12572CA00535B79/$file/G1%20Slutrapport%20normal.pdf
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EU )
(EV)
1 EU
EU
EU ENFINCA-FC1? 290
Giulio Romeo
6 FP6
Giulio
3 2
3
20kW
2
2

1 Environmentally Friendly Inter-City Aircraft powered by Fuel-Cells
http://www.enfica-fc.polito.it/en
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11

CO:
Giulio
2002
NNSA
PEM
Joe Breit
Boeing Commercial Airplanes
60

DOE
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Center of Excellence
Lennie Klebanoff

PEM Chris Cornelius
Klebanoff

1 EU
Fuel-cell powered aircraft take to the skies
http://ec.europa.eu/research/headlines/news/article_07_06_27_en.html

Sandia/Boeing collaboration targets aircraft fuel cell application
http://www.sandia.gov/news/resources/releases/2007/boeing.html

NEDO
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HyICE (EU)
2004 1
HFP
European Hydrogen & Fuel Cell Platform
HFP
HFP
EU
1 20046 1 5 6
FP6 HylICE Hydrogen Internal Combustion Engine
HylCE 3
772 EU 500

HyICE FP6 IP 2007 1
4 7 FP7 BMW
Forschung und Technik ANSYS

Irion Management Consulting MECEL
Bundeswehr MAN Nutzfahrzeuge
Volvo Technology Corporation

Hoerbiger Ford Ford Forschungszentrum
HyICE
Internal

Combustion Engine ICE

ICE
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CFD
2
HyICE
EU
BMW 2006 11 ICE Hydrogen
7 BMW?760Li
8kg 74
200km
Hydrogen 7 100
2 Hydrogen 7
2 Total
Total
Total
BMW 2006 3
2 2006 11
3

http://europa.eu/rapid/pressReleasesAction.do?reference=1P/07/254&format=HTM
L&aged=1&language=EN&guiLanguage=ja
http://www.ec.europa.eu/research/transport/news/article_5199 en.html
http://cordis.europa.eu/fetch?CALLER=FP6_PROJ&ACTION=D&DOC=1&CAT=P
ROJ&QUERY=1182090344309&RCN=74300

BMW:

http://www.bmwgroup.com/e/nav/index.ntml?../0_0_www_bmwgroup_com/home/ho
me.html&source=overview
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24

24

24

Zhong Lin Wang

Shi-Gang Sun
24

““Special Funds for Major State Basic
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Research Project””
4

{100} {111}
high-index facet

atomic step
{730} {520} (facet)

Wang

low-index facet

CH,CH,OH

0 fre 40 2]
(A) 24 SEM
(B) 24
{310} sub-facet
4.5%
Wang 2
1

43
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4 20
Wang
750
10 20Hz
10 60
Sun
81
20
Sun
Sun  Wang Na Tian  Zhi-You
Zhou Yong Ding

Catalyst Efficiency: Platinum Nanocrystals Boost Catalytic Activity for Fuel
Oxidation, Hydrogen Production and Other Key Reactions
http://gtresearchnews.gatech.edu/newsrelease/platinum.htm

Copyright 2007, Georgia Institute of Technology. All rights reserved. Used with
Permission.
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2006 DOE
Advance Energy Initiative 2012
2020
ORNL
DOE 4
4
Y.H. Percival Zhang
Zhang Barbara R. Evans ORNL Jonathan R. Mielenz
Robert C. Hopkins Michael W.W. Adams
13 CeH100s5
synthetic enzymatic pathway 5 23
““PL0S ONE~*~ 1
Zhang

! http://www.plosone.org/article/fetchArticle.action;jsessionid=A7F667801109EE9706ED8
484D45F6437?articleURI=info%3Adoi%2F10.1371%2Fjournal.pone.0000456
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12 27kg
4kg Zhang 1
1kg
DOE
1kg 0.12kg
Zhang ““PL0oS ONE~~?

ORNL

““Nature Biotechnology””
Adams

ORNL

Mielenz

Zhang

46

86
300

1.12kg 0.38

12mass%
14.8mass%

Zhang
1996
ORNL
Mielenz
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Zhang

Zhang

3 DOE

30%
100%

Novel sugar-to-hydrogen technology promises transportation fuel

independence
http://www.vtnews.vt.edu/story.php?relyear=2007 &itemno=300
Copyright © 2007 Virginia Polytechnic Institute and State University

Used with permission from Virginia Tech.
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2007 ( )
NEDO
NEDO ( NEDO)
CARBON EXPO
1 2008 1
EU
EU-ETS European Union-Emission Trading Scheme
CO:
2007 5 2 5 4

( 4711 )

CO.
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PIN( )
PDD( )
229
3.
CDM Clean Development Mechanism
JI Joint Implementation EU-ETS
ET Emission
Trading
(1)
EU-ETS (CDM JI )
1 2006 2005
2.3 2.8 1.2
20 /ton
EU-ETS (EUA) 10 /ton CDM (CER)
2006 EU-ETS 67 CDM
JI 30
1,000
1
2006 2005
EU-ETS 11.0 ton 243.6 22.1 [ton 3.2 ton 79.1 24.6 [ton
0.3 ton 2.6 8.8 /ton 0.1 ton 0.1 9.0 /ton
CDM 4.8 ton 52.6 11.1 /ton** 3.5 ton 26.4 7.5 [ton
JI 0.2 ton 1.4 8.8 /ton 0.1 ton 0.7 6.2 /ton
0.1 ton 0.8 4.6 /ton 0.2 ton 1.9 9.4 [ton
16.4 ton 301 18.4 [ton 7.1 ton| 108.6 15.3 /ton
( ) (230 ) (280 ) (120 )
1 CDM 8 14 /ton
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(2 EU-ETS
2005 1 EU 25
( 12,000 ) EU CO: 45
(NAP National Allocation Plan 1
2005 2007 ) EU
EU-ETS
2 (2008 2012 ) 2007 4
EU 19 NAP
9 2005 6
EU
3 (2004 1990 87 ) CO:
3 2013 EU-ETS
(3) 2008 2012
2 4

GIS Green Investment Scheme

Expected Kyoto Balance

GIS
Already contracted Already iz 1 Potential supply
917 MEC Oy e 30 it L 6000-7,100 MtCO2e
Residual demand i +d
1,063 MICOZe
GIS
CDM/JI 2500
Canada #?
= I
4
2
:. 150
£ 100

Demand Tor KMs CDMIJI supply ARALIGIS

:|. amount nal yet contracted
2
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(1) Programmatic CDM

Christoph Sutter

(2) Carbon Capture and Storage (CCS)

CO2

51

CO2

CDM
PDD
CDM
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2
(DOE) (EERE) 5 31
NEDO 2
2. 1

1.
2.
2
2 2

3.

4.

5.
2.
1

50kwW
50kW
(Berkeley Lab)

2NEDO 1
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2005
4 2002 2006
2006 13
35,000MW 2005 9 12,000MW 2002
2004 4 4,000MW 3
4

EDF(SIIF Energies) enxXco 02 5
Gamesa Navitas 02 10
AES US Wind Force 04 9
PPM Energy Atlantic Renewable Energy Corp. | 04 12
AES SeaWest 05
Goldman Sachs Zilkha(Horizon) 05

JP Morgan Partners Noble Power 05
Arclight Capital CPV Wind 05 7
Diamond Castle Catamount 05 10
Pacific Hydro Western Wind Energy 05 10
Greenlight Coastal Wind Energy LLC 05 11
EIF U.S.Power Fund Tierra Energy, LLC 05 12
Airtricity Renewable Generation Inc. 05 12
Babcock & Brown G3 Energy LLC 06 1
Iberdrola Community Energy Inc. 06 4
Shaw/Madison Dearborn UPC Wind 06 5
NRG Padoma 06 6
CPV Wind Disgen 06 7
BP Clipper 06 7
BP Greenlight 06 8
Babcock & Brown Superior 06 8
Enel TradeWind 06 9
Iberdrola Midwest Renewable Energy Corp. | 06 10
Iberdrola Gamesa’s U.S. project pipeline 06 10
Iberdrola PPM (Scottish Power) 06 12
BP Orion Energy 06 12

Berkeley Lab and Black & Veatch.
3 2007 5 4 15,000MW
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AES
BP John Deere
2006
1 tax-equity 2
4
4
2006
2006
12  tax-equity 2006
3 11 2 3
tax-equity 4 3%
0.5%
1
2 tax-equity tax credit equity
(1.9¢/kWh)
2 kwWh(20 MWh)
¢ 2 5

54



.1004, 2007.7.25

380 A
B B
tax-equity
3 A B A 5
B
flip over
4
80%
1
_ 1 (IPP: Independent Power

Producer) 2006 71%

2006 25%

I0U: Investor-owned Utilities)
(POU: Publicly Owned Utilities)

2006 4%
2006
11,575MW IPP  85%(9,817MW) 13% (10U 1,190MW

POU 309MW) 6 2%(258MW)

2001 0.2% 2006

2.2%
9006

5 Production Tax Credit = PTC 2005

10
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—_
]
'

114/ 232z274 20064
10 4/ AEEREFFE(POU)
gl B LEESEFFERE (oW
g || 0 by RREFEE (PP
74
6.
2 5]
4]
3.1
2 4.
1
0 Community: POU:
1998 1999 2000 2001 2002 2003 2004 2005 2006 95 MW (4%) 26 MW (1%)

7 2006
Berkeley Lab estimates based on AWEA/GEC wind project database.

10U( ) 2006
47% 58% (8 ) POY( )
2006 14%
2000 2006
16%
2006
7%
7
2006 32%
11%

(REC: Renewable Energy Certificates)®
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Merchant:
794 MW (32%)

2005 2006 174 MW (7%)
2006

Berkeley Lab estimates based on AWEA/GEC wind project database.
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ad o ___
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1
0
1998 1999 2000 2001 2002 2003 2004
8
EERE
(Utilities)

(@H) (Utilities)

1) (Investor owned)

2) (Publicly owned )

(Non-Utilities)
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( )
3) (Federally owned)
(TVA)
4) ( Cooperatively owned)
(2000 )
% (%)
240 ( 8) 74
2,009 ( 64) 16
9( - 1
894 (128) 9
3,152 (100) 100
[ 1DOE/EIA Electric Power Annual 2000 Volume 11, November 2002
(2) (Non-Utilities)

Power Producer)

1)

2)

3)

(QF)
1978 (PURPA)
(Qualifying Facilities)

PURPA

1992 (EPACT)
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(IPP: Independent
(FERC)
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QF
QF

(2003 )

Annual Report on U.S. Wind Power Installation, Cost, and Performance
Trends: 2006
http://www.nrel.gov/docs/fy070sti/41435.pdf

NEDO
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Q&A
(2003/54/EC 2003/55/EC)
2007 7 1
Q&A
EU
2003 2007 7 1
13
7 1
2007 7 1 13
2007 1 1
2007 11 1 )
200 7 1 9
2007 7 1 2007 7 1
2013 2010
2013
2010
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2.
2007 7
EU 27% 1
EU
7 1
2
2003
3.
4,
1 IEA — Energy statistics — Electricity consumption in EU 25 (2003)
/ 2005 27% 4 1

2010
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EU

2007 12 12

European Energy Consumers' Charter
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2007 7 5

10.

11.

www.agathepower.eu
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European Charter on the Rights of
Energy Consumers
Directorate-General for Energy and Transport
http://ec.europa.eu/energy/energy_policy/consumers/index_en.htm

http://ec.europa.eu/consumers/cons_int/safe_shop/acquis/qa_en.htm

““Europe Direct””
http://ec.europa.eu/europedirect/index _en.htm

Questions on the opening of the energy markets and the Charter
http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/07/279&for
mat=HTML&aged=0&language=EN&guiLanguage=en
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EU
EMBL (DIFE)
& & BSX’, 1
Bsx Cell Metabolism 2007
6 2
Bsx
(spontaneous physical activity)
Bsx EMBL
Mathias Treier
Bsx
Bsx
(locomotor activity)
Bsx
( ) NPY/( Y) AgRP(
) Bsx Bsx
Bsx
1 Bsx (brain-specific homeobox transcription factor)

2 Cell Metabolism (Volume 5, Issue 6, 6 June 2007, Pages 450-463)
“A Role for Brain-Specific Homeobox Factor Bsx in the Control of Hyperphagia and
Locomotory Behavior”
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Bsx
Bsx
Bsx (species)
Maria Sakkou
Bsx
Sakkou Bsx

http://ec.europa.eu/research/infocentre/article_en.cfm?id=/research/headline
s/news/article_07_06_20 _en.html&item=Infocentre&artid=4333

NEDO
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100
100,000 ( 780nm)
-0.6
THz
6
( http://www.external.ameslab.gov/final/News/2007rel/metamaterials.htm )
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