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Abstract

There are limited institutes proceeding the resemof SOFC at
present in Taiwan. Only the Institute of Nucleaekyy Research invests
in the research from materials to system of SOFBeQinstitutes are
focused on the researches of powder technology avaderial
characteristics studies. However some companiesnaving in the
fabrication, design of unit cell, and system mantufee.

This project engages in surveying of technology amustry of
SOFC. The main purpose is to understand the prasé&national
technology standards, safe code, technical chaistate and patents.
This study can be used to help the developmentatbmal research
strategy. Also, the analysis of academic and rebeastitute activities,
the market trends and the potential applicatiorSGFC products can

benefit industry growth and market development.
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74 &R : BCC Research, Market Research Report. 2011

27



Incheon The/Saoul

Motropelitan Cly ~ Metro

tropolis.
Gw:&n_;jmo

Ban Gyeongaangsuk<o
4 litan
sgti
p——
g

SJeolabik-do

Chungeheangnam-do

Gwanglu Metrogolitan City

Buzan
Jdeailanam-Bo Metrogoiion Ciy
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Spocial Self-gereorming Provincy
200km

7 kR - Staxera. SOFC in ASIA.2010
B 10: g2 Wi & 3¢ B SOFCIR &
% 4: 5 W SOFCF# ¥ & 2 P34

Research Institute Known R&D Focus

KAIST Simulation, IT-SOFC

KEPRI Material research; anode supported tubular cetisflantubes;
pressurized systems

KICET Glass seals for SOFC ( with RIST)

KIER Large system concepts, SOEC, cell concepts

KIMM BoP components, biomass conversion systems

KIST SOFC stacks & systems 1Kw Multi cell arrays

POSTECH MSC cells, various concepts
RIST SOFC stacks & systems 1-12,5 kW cell manufaagyorocesses

7ok %k - Staxera. SOFC in ASIA.2010

2010 # 4 * > WK ¢ & @ L 2w R pe vt i % (Renewable
Portfolio Standard, RPS)& & 2015# % it A% T A Z P * T £
14%> 2022 & Jf i 10% 2 # 3 p 5 5 2k o iR R R T 1%
dem it o S SR B R R L HEL A R F R 0 3 2016 & 3

2022# > & #H A4 700V L L 42 R RAFE T E ©
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. R%D HL4T
(=) # K

# R 23k SOFCH HE 5 47 %1 i+ &A% SOFC # * 3¢
NASA = 723+4 7 » k4 B SOFCAp M 2 5o d > 5 i& 7 SOFC
Bw o> kiR SOFCH 3§ ¢ iy B4 > 2 p nd B4 A
B PR R

SOFCF # A3 5 2 PABTRPF F2 > FtHF 1 8
BRP W 23 E B 40 0 Westinghouse, Cummins Power Generation,
Delphi Corporations izt o> @ » ¥ BenF & » % 35 5 £ 8 7o

i SOFCA B IF# AL EHS & - ¥ a5 Ap ¥ ] Al Pl 457 SOFC
Hilagwrrg > B FER> 5 SOFCE R E #H 4 4 7 3o

% 5! % &] 2007 # % 2015-!1‘? | B & i’%ﬁ“’F‘ /E

_E’ifi:'ﬁg";j;p

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015

Sales 543 791 11.12 15.27 20.66 26.49 32.91 39.97 46.8

7 # &R - Solid Oxide Fuel Cell, A Global Strategic Businésport.2010
% 5% % W SOFC#H ¥p 2007 & 4= 1 2010+# 4 § 3k ;7w >2007
£ SOFCe4l 8375 5 5438 % ~ » 3 2010F erf & & = £ 5 1,27

#~om 2011 &3 2015# 2 TR A p w488 >

i

FEt 2015 pF > 4 8 § ¥ 5] 4,6808 £ ~ o
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% 6: 2R SOFCH ¥ 2 Z & A & i

Hix:%
Power Range 2004 2006 2009
1-10 kW 94.61 94.19 93.26
10-200 kW 3.88 3.71 4.13
200kW & above 1.51 2.1 2.61
Total 100 100 100

74 &R - Solid Oxide Fuel Cell, A Global Strategic Businésport.2010

S EFLERTH AT EREASLZTH I Gd & 6 ERT
p 2004 # 4= > SOFCA &= B 1+ 5 -] Al 7 % ¥ (1-10kw) > ¢ 7]
& E B ARTE AL E (10-200kWp + A1 7 % 5L (200kW 2 2 )& &
2% b s 3.88%% 1.51% d FAlGE ¢ A EE S LR
5 1.26%- ~ A|# T k2 2 KR 5 11.57%-

B AR 5 40% F Fl 5% 2 MiE7 SOFCF T - g4 2
4> SOFCEEZ R a5 ¢ » #d pouel) 3 ek 2 &
AL ;¥ 2R ANSECAM 2 & R i tRied SOFCF 7
BBASMG ~uHEmA J5E SOFCHEES | $= > i A
kI EPNEF XARA 27 4% SOFCF 7 » ¢ * SOFCH~
Bt #E SN Bkt SOFCT Rz B » 5% Hii » — #lsh o gh o

Y- 2o 2R E SOFCA ¥+ I e < 5 KiL e SOFC
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FwlS 2 2 AT R A 1 HE R 2 NEDO(New Energy and
Industrial Technology Development Organization} & s< 2! 2 F
AR ERAETIRRENMBAEIE > m SOFCE . H ¢ - 38 5 4c
LR A aF R s FREE BB RS SET A p AR
BE T RARHF R G RRo BATIE @ @ SOFCHTA 1 » B
p &7 35 PEMFCA &eds v & REF ?;"Z“i"q‘ SOFC# iz & &
B R -
% 7:p & 2007# T 2015 41 2 4 570

Hiw G HEA

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015

Sales 6.33 8.67 11.73 15.78 20.63 26.18 32.48 39.35 45.62

7o &7k : Solid Oxide Fuel Cell, A Global Strategic Busin&eport.2010
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Z 8! g & W 2007# 1 2015# B 2 A F3E R

Hr-:F33~

Region 2007 2008 2009 2010 2011 2012 2013 2014 2015

Germany 4.80 7.28 10.63 15.11 20.70 26.48 32.37 9237. 41.97

UK 3.63 5.08 7.04 9.41 1220 1543 1930 2349 275
France 2.44 3.47 4.73 6.36 8.33 10.60 13.20 15.998.871
ltaly 1.31 1.80 2.43 3.20 4.17 5.27 6.59 8.00 9.43

Restof Europe 967 091 122 159 205 256 315  3.77 4.37

Total 12.85 18.54 26.05 35.67 4745 60.34 74.61 189. 102.16

74 kiR - Solid Oxide Fuel Cell, A Global Strategic Businésport.2010

AEETHY A AR ER 2R R85 F o
2007 & > 48 B R R P B B4 B 3 1k 37.35% & R 5 28.25%
1 2010 &AL R B E B e ot 5 4236% 2T R A B @

#F 26.38% T ' 1.87 B A B o HART B3] 2015 & chdl &

IS

H-ERDL R FE AL ML PFRAEIAFEEHLE S
31.13% 1 HmpP ek o Hapdom B~ 2 MR A FETED b
& A u L 26.94% 18.47% 4 £ H £ & Pl E_28.82% 29.14%-

2 9L BT EEPASATE T BT ot 54 Q¥

JERN 2 WP 2t 2004 SOFCA S B 1+ # 2 ®ipk » 51 3 Fu

c"
Jrh
-
(o
RS

%%fﬁ(l-lOkW)agﬁ—%,ﬂ CAA|E R ER 2 F 5 eE
Th ok FERAESERpRZ THRIFS o 2 2006 #42

37



250kW 12 F e g m B b IR 0 M2 S4B B B b i AR AR
10-50kW 12 & » H % H- i) 5 15.29%(10-50kW 2 # 31> 3 &

3.69%) i P fo & (53R kAL N4 AE Tk S(L-1OMW)2 A &

N

IS AP E L 0 9 % 10-50KWin3 8 2 4 o 48] 10-50KW %

%Y

PER ALY ERE P UL EELLE o KA B
RXI|AFH A b- BEmEIH o

%2 9 AT SOFCH 3t L2 AE V£

Hix 1%

Power Range 2004 2006 2008 2010
1-10 kW 100.00 57.12 37.32 40.64
10-50 kW 0.00 3.69 5.70 5.79
50-250 kW 0.00 23.90 25.46 24.23
250 kW -1 MW 0.00 15.29 17.37 16.17
1-10 MW 0.00 0.00 14.15 13.17

Total 100.00 100.00 100.00 100.00

7 &R - Solid Oxide Fuel Cell, A Global Strategic Businésport.2010
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74 kiR : BCC Research, Market Research Report. 2011
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% 19: 2011~2016# 2 g1k iy 38 B
. A& A FRTA CAGR%
2006 2010 2011 2016 2011-2016
Generators, remote and APUs 105 130 135 228 11.1
CHP 80 120 150 231 9.0
Military 62 93 90 131 7.8
Portable 5 5 5 26 39.1
Total 252 348 380 616
7 kiR : BCC Research, Market Research Report. 2011
% 20: 2011~2016# 4+ T 1k ig 35 B
B G ALE R PR R CAGR%
2006 2010 2011 2016 2011-2016
Generators, remote and APUs 105 130 135 159 3.3
CHP 80 120 140 215 9.0
Military 62 93 90 130 7.6
Portable 5 5 5 12 19.1
Total 252 348 370 516
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. ALE R PR CAGR%
2006 2010 2011 20160 2011-2016
Generators, remote and APUs 105 130 128 134 0.9
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Military 62 93 90 95 1.1
Portable 5 5 5 5 0.0
Total 252 348 348 388
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SOFCH /1 Bhe™
1. Bloom Energy

Z R E ¢ o 2 Bloom Energy & 2010# 2 # 24 p &+ ;3 )
A & BloomBox> f]* 28 k@ Qg Er - F 4 B IHEE
B&EDT AEHEME p RG22 AR FEERLD £ Rk
By #a # e1 SECA-

B85 o BESTEIMNETS 27 (PGRE)T eimH -
EEAX AN AT ELLN A FRFIP LA RBEER
FEL=FHIACMW) - H i e 57 v 7 & mnE-if - Googles
eBay~ it £ 35 (Wal-Mart)g j % > 3% e SR 43 * Bloom Energy:
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Bloom Energyz # -+ 2 b 34t & 3,000% ~ (9 5%+ F
AV A o IR ARIRAE S 0 A4 D R KA SR v
YRR R 0 Bl FCRp B4 2T > Bloom Energyshd m4 8 2 Bk {

3 I -

% 22: Bloom Energyz &3+

I —

Fusls Natural Gas, Directed Biogas

Input fuel pressure 15 psig

Fuel required @ rated power 0.661 MMBtu/hr of natural gas

Water required (for startup only) 120 gallons municipal watar
I —

Rated power output (AC) 100 kW

Electrical efficiancy (LHV net AC) > 50%

Electrical connection 480V @ BO Hz, &-wire 3 phase
I ——

‘Weight 10tons

Size 224" xBA"x 81"

NOx < 0.07 lbs/MW-hr

S0x negligible

co <010 lbs/MW-hr

vocs = 0.02 lbe/MW-hr

C0; @ spacified efficiency 773 los/MW-hr on natural gas.

carbon neutral on Directed Biogas

Standard temperatura range 0° 10 40° C (extreme weather kit available)
Max altitude at rated power 6,000 fr. MSL

Humidity 20% - 95%

Seismic Vibration IBC site class D

Location Outdoor

Noise @ rated power <700B @6 feat

Codes and Standards

Complies with Rule 21 interconnection standards

Exempt from CA Air District permitting; meets stringent CARE 2007 emissions standards
Product Listed by Underwriters Laboratories Inc. (UL) to ANSI/CSA America FC 1
Additional Notes

Operates in a grid parallel configuration

Includes a secure website for you to showcase performance & environmental benafits
Remataty managad and monitared by Bloom Energy

Capable of emergency stop based on input from your facility

T kiR - http://www.bloomenergy.com/

% K Bloom Energy# & i 100kW L 3 5 % %> & & 5 Bloom
Box > Bloom Energy # i+ Bloom BoOXx 5§ "“ER:E% 723 7 iE

60%: & & 7 @3B P 9 T70~80F £ AR o 37 E 54K 2100F
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B 15: Bloom Energy# & Bloom Box
2. Ceamic Fuel Cell Limited (CFCL)
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o BEFAIRE Redun @ EL 0T

2011& 1% » @ g & sfye CEFCL37RE 25 & BlueGen: it f7
FELTROBETIF FE QY > FWELFw CFCL - 7
BlueGenf 42 7px & ;10 7 » CFCL AR B T 354 » B W o iF
CFCL:EFm R 8434 » B AR 2y 3 v § LR Reo

CFCLA &% 2kW A7 £ 4 Bl 38 & %o ¢ & 5 BlueGen 5
WEF PR T arF ¥ i 60%> 4 b Aua kv iE 85%: Lk dLehd

T R 5 780C
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7R kiR http://www.cfcl.com.au

B 16: CFCL 2 & BlueGen
3. JX Nippon Oil & Energy Corporation---ENEOS
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Kyocera 22 TOYOTA ~ AISIN ~ = K3 #74 2009# 3 % 7 7 ¥

FAE A g seF e * SOFC P E4 2014 3 * (v o = RUAR

=

gt &2 1 Kyoceradt iz B4 it SOFCR » 22 B4 ~ < K3 273

55



BRLHESELKESE - TOYOTAJr AISIN § # 45K E o

;,} o
=

ks

E e 51T 1L AviE Pay}h‘g_)ibh:g#‘s,{;ﬁ’;f#j\OKyocerﬁ ® R

vq,
ol
i

5 T00W> 2ol il s X AR 27> P 3423 140 S 3K & ik

TR KR © SRR T
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SOFCA &5 W p|aas T oed 7 iF 45% # it % 7 it 30%-

6. Ceres Power
Ceres Powel: # i & 77 3 SOFC2 ji 7 » # CHP 2 % % 2010
£ 127" i@ FimfF GAD 2 CEwE & £ ¢ >t 2011 & B 4237 CHP

AT R R E RO ERF A RRHFH D 2012 o

56



Bl E B EERXRF 27 &iFde N CHPA X &7 " Ceres
Power & # RIE4R 2 > N 7§ 2 PR EANEALAOT LR E & A R

oo BT 284 3 s 3t Horsham & # 3 B4 & 4t

7o kiR C http://www.cerespower.com/

Bl 20: Ceres Poweg &

Ceres Power 1kWi § & 4 %l g s K Sp o I AipliRd@gy
AELATRE T L X AR RS TR Bk e AR E PP HEE
® British Gas-~ Calor Gas ™ %2 € f jF Bord Gais- Ceres Powet:
British Gasik 3+ 2. & & 783 & 2011 & + = = 7§ & B 3 &7 p| 3% 2012

PSR R AR
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7. ¥R= Wartsila

2010+ = ' Lfyac kg @ Wartsila &2+ & Topsoe Fuel Cell AS
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BRI RLY > B RIRERERIZF i F BT
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% LR o Wartsilas 7 i 4 4 A& 20kKW 22 50KW % 50 4 5

% 605~800C 2 F » @ 200kW ¥ 5MW &1 su i 3¢ & ¢

/\

e TR

T

ok &R http://www.wartsila.com/en/Home
B 21: Wartsilaz &

B 21 5 Wartsila 50KwZ & > # 7 »x 5 ¥ & 52% > AR s

¥ 69%-° Wartsila & (TR “f 7 Topsoe Fuel Cell AS &= 3 p ~ p

Fagdn o A 2011# 6 * Wartsilag = # &2 £ ® Versa Power System

B E T8 B SOFC 4 5t o

8. 4t K Siemens

[
=
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http://www. Siemens.com/

B 22: Siemens? &
9. % K Versa Power

Versa Power: = *+ 2001 # > d 2 B X R g fLET~T 4 A3 47>
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TR KRR 'http://www.versa-power.com/

Bl 23: Versa Powei -
Versa Powert SOFC = 5 2745 gt ik B vh4L T 4 Hpiwerdg HRy
# Fuel Cell Energys it %2 £ Rt hivant 4 > P o35 38 @ PR
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T, iR

B SOFC 2 #iel st % 22 2,7 § 5 %1 11 |EC
SRS RELE L 2 AR NBETA 2 REET RS 24 H

foodd ¥ p Ak 20094 B deAf 24 ¥ 4] SOFCHAL T » p H2

O3F 44 SOFCerfE BT 5 ¢ » 4p 13 it $" Fig s $3 SOFCH

PR ] 7o #dele 2o % 3 %5 PEMFC LKW 72 318§ & sugF

Wi T AN S SOFCISE™ & ihif » A RZHRE 6 4217
(=) 23iE
S
(1) Fuel Cell Power Systems - System Design/Testing
. g rE 3y R
>3k |IEC 62282-3-1 | Stationary Fuel Cell Systems - Safety 2007.04
y ANSI/CSA
EN i Fuel Cell Power Systems 2004
America FC1
CEN/CENELEC . .
Fuel Cell Gas Heating Appliances 2008.1
#EF  |EN 50465
EN 62282-3-1 | Stationary Fuel Cell Systems - Safety 2007.04
. Preliminary Basic Rules for Testing Fuel Cell Gas
it B DVGW VP119 , 2010.1
Appliances 70 kW
, GB/z Stationary proton exchange membrane fuel cell
e 2008

21743-2008 power system

R &R - http://lwww.fuelcellstandards.com/home.html
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(2) Fuel Cell Power Systems - Performance - efficiemyjssions,

durability
B3 Gk R % AR PR
- IEC 62282-3-2 Test Method for the Performance of Stationary FU %06 03
" Cell Power Plants '
i®  |ASME PTC 50 Performance Test Code for Fuel Cell Power Systezrg% 212
‘ Performance '
" State of
E Ny . . .
(e 1) California Emission Regulations 2002.06
-
Regulations
EN Test Method for the Performance of Stationary Fuel
R 2006.03
62282-3-2:2006|Cell Power Plants
7R kR - http://lwww.fuelcellstandards.com/home.html
(3) Fuel Cell Power Systems - Subsystems - Fuel Cetl Nes
R T &5 rE d1 R pE
K] IEC 62282-2 Fuel Cell Modules 2007.03
- |CAN/CSA C22.2 .
e g No. 62282-2:07 Fuel Cell Technologies-Part 2: Fuel Cell Modules| 002
EN
wE Fuel Cell Modules 2007.03
62282-2:2004
L &R http://lwww.fuelcellstandards.com/home.html
(4) Fuel Cell Power Systems - Subsystems — Inverters
. g rE 3y R
Standard for Inverters, Converters, Controllers and
2R |UL1741 Interconnection System Equipment for Use with |2010.01
Distributed Energy Resources
L kR - http://lwww.fuelcellstandards.com/home.html
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(5) Fuel Cell Power Systems — Installation

A Fe i B rE AR pE
K% |IEC 62282-3-3 | Stationary Fuel Cell Power Systermstallation 2007.11
ANSI/NFPA 853|Installation of Stationary Fuel Cell Power Plants | 002
US Department . _
g Hydrogen and Fuel Cells Permitting Guide 2004.11
% K |of Energy
State of South n
, Hydrogen (and Fuel Cell) Permitting Ac 2010.06
Carolina
. |CAN/BNQ _ :
be £ & Canadian Hydrogen Installation Code 2007
1784-000
Installation Permitting Guidance for Hydrogen and
# M  |HYPER Project |Fuel -
Cells Stationary Applications
Petroleum
p » |Association of |Fuel Cell System Installation Criteria -
Japan

Tk

: http://www.fuelcellstandards.com/home.html

(6) Fuel Cell Power Systems - Electrical InterfacesthWanel Board

B Gk % 4
ANSI/NFPA 70:
. Article 692 - ) )
*H National Electrical Code 2005
Fuel Cell
Systems
R &R - http://lwww.fuelcellstandards.com/home.html
(7) Fuel Cell Power Systems - Electrical Interfacesth\rid
B 7 % B r 7 AR R
s IEC/PAS Standard for Interconnecting Distributed ResourcesZOlL07
63547—-IEEE  |with Electric Power Systems
NFPA 110 Standard for Standby Power Systems 2002
e Interconnecting Distributed Resources with Electr

ANSI/IEEE 1547

Power Systems

C
2003.10

o kR ¢ http://www.fuelcellstandards.com/home.html
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[rd

DR

B 7 3 r %
Standard for Conformance Test Procedures for
IEEE 1547.1  |equipment Interconnecting Distributed Resources 2005.07
with Electric Power Systems
Application Guide for IEEE 1547 Standard for
% W |IEEE 1547.2 Interconnecting Distributed Resources with Electri2009.04
Power Systems
Guide for Monitoring, Information Exchange, and
IEEE 1547.3  |Control of Distributed Resources Interconnectedhwit 2007
Electric Power Systems
7R &R - http://lwww.fuelcellstandards.com/home.html
2. Adpm
(1) Fuel Cell Power Systems - System Design/Testing
B 7 R r7E FLFR
Stationary fuel cell power systems - Small | CD-2012.06;
® % |IEC 62282-3-15tationary fuel cell power system serving as|&DIS-2014.03;
heating appliance IS-2014.06
Electromagnetic Compatibility, Electrical
Safety, and Physical Protection of Stationary
% R |UL Subject 2266and Portable Fuel Cell Power Systems for Use -
with Commercial Network Telecommunication
Equipment
CAN/CSA-IEC . -
be £ Fuel Cell Technologies -Part 3: Fuel Cells
62282-3
. KS C IEC . -
55 & Stationary Fuel Cell Power Systems - Safety
62282-3-1
p & |JIS C 62282-3-1Stationary Fuel Cell Power Systems — Safety -
Fuel Cell Back-Up Power Source
=y Stationary fuel cell power system - Part 1: -
20077132-T-604
Safety

o kR ¢ http://www.fuelcellstandards.com/home.html
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(2) Fuel Cell Power Systems - Performance - efficiemyjssions,

durability
R Fe i% 5 rF FIFR
: CDV-2011.11;
‘ Small stationary polymer electrolyte fuel cel
F*% |IEC 62282-3-201 FDIS-2012.06;
power system — Performance test method
1S2012.11
L Test Methodology and Performance Rating -
%2 H NIST IR 7131 : :
Standard for Residential Fuel Cell Systems
Test Methods For the Stationary Fuel Cell -
p &~ |JIS C 62282-3-2

Power System — Performance

- KS C IEC Stationary Fuel Cell Power Systems - -
B
* 62282-3-2 Performance

Stationary fuel cell power system - -
" B [20090618-T-604 Y P y

Performance test methods
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7 414 * #
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3 Nissan Motor Co., Ltd. 286
4 Tokyo Gas Co., Ltd. 207
5 TOTO Ltd. 201
6 Mitsubishi Materials Co. 182
7 Kansai Denryoku 181
8 Nippon Telegraph & Telephone Co. 180
9 Toyota Jidosha 163
10 NGK Insulators, Ltd. 159
11 Siemens 135
12 Fujokura, Ltd. 121
13 Honda Motor Co., Ltd 118
14 Matsushita Denki Sangyo 118
15 Dainippon Printing Co., Ltd. 97
16 Delphi Technologies, Inc. 92
17 NGK Spark Piug Co., Ltd 90
18 Westinghouse Electric Co. 87
19 Dokuritsu Gyosei Hojin Sangyo Gijutsu So 84
20 Forschungszentrum Juelich GMBH 80

TR AR AP AME R RET

> £ # SOFCZ 1|
® £ ® SOFC% 1|

FHES o hif 1508 % 1¢ 2 P4 fa -

FARY o 55 550 41 3704

69

# & A4 s IR IRAE T 5> 2009.12.8



{4+ A prA]* Derwent® i #icdh & (1961# 1 2008# 6 7 )&
2009 & #TiFch 2R E I T S 5B IR> SOFCE 1Y F1 & &
PR A FPFS Ry JEPALT S AR ER L
#2020 PY > p AL ERET 167 0 FRIHR LT 2 74 ¥

Erw 200 @@ 0 RS FPBLP AP T AP A2 A SOFCH

i pAPY > FRFRLEANF A AP HA20% &
?;Iiw M &_SOFCYE4L 7 7 e7#7 7 » 4o @ Mitsubish Jukogyo Nippon
Telegraph & Telephone C8.> » 3 #iT 8 & 4 B 4~i8 » SOFCAE & >

e B 2 o 4o Toyota-- & o

md % 257 12 ﬁ 337 % % | Delphi Technologies: 2878 & 41
L% - > %= p AdNissan Motor 12 1038 & £ % = o @
20 feng ¢ ’Ld“"i@?])alO*”’Bﬂwéa? L WA S| T o

2 A x DL L Eod B g ko L &P E SOFCH
ARERFIOME S P S 0 A TUFIRLLBERLAT AT i B
Ty 2 &~ SOFCF 7 » 2§ “1#7jk > L P g B & SOFC
FREFOMAHFL LA A AIFEIAER > F R AY Hiv oy

TS L B EE SOFCA ¥ % - % o



# 25: 17 % SOFCE ¥ & £ 743

2 {4 o 3
1 Delphi Technologies, Inc. 28
2 Nissén Motor Co., Ltd. 10
3 Battelle Memorial Institute 6
4 Rolls-Royce plc 6
5 Alberta Research Council, Inc. 4
6 Corning Incorporated 4
7 Institute of Nuclear Energy Research 4
8 Mitsubishi Materials Corp. 4
9 Toho Gas Co., Ltd. 4
10 Adaptive Materials, Inc. 3
11 Devoe; Alan and Devoe; Lambert 3
12 Saint-Gobain Ceramics & Plastics, Inc. 3
13 Shinko Electric Industries Co., Ltd. 3
14 Tokyo Gas Co., Ltd. 3
15 Toto, Ltd. 3
16 Korea Advanced Institute of Science and Techgolo 2
17 Korea Institute of Energy Research 2
18 NanoDynamics Energy, Ir 2
19 Nippon Shokubai Co., Lt 2
20 Pittsburgh Electric Engines, Inc. 2
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Acumentrics Holding CHP o P
Generators, Remote, and APU Shipping
, , Generators, Remote, and APU Development
Adaptive Materials (Ultra) o
Military Shipping
Adelan U.K. Portable Development
Advanced Materials Components and Materials Shgppin
Advanced Measurements  Vendor/Facilitator Shipping

Alpps Fuel Cell Systems

Generators, Remote and APU

Development

Alstom Technology

CHP

Development

Altair Nanotechnologies

Components and Materials

Development
Shipping

BTU International

Components and Materials

Development
Shipping

The Babcock & Wilcox
(McDermott International

CHP

Development

BHP Billiton

Components and Materials

Development

Bloom Energy

Generators, Remote, and APU
Exotic

Development

CellTech Power

Components and Materials

Development
Shipping

Ceramatec

Components and Materials

Development

Ceramic Fuel Cells

CHP

Development

Generators, Remote, and APU Shipping
Ceres Power CHP Deyelppment
Shipping
Chevron Technology Vendor/Eacilitator Shipping
Ventures User

Chubu Electric Power

CHP

Development
User

CMR Prototech

Generators, Remote, and APU

Development

Cummins Power
Generation

Generators, Remote, and APU

Development

Dana Canada

Components and Materials

Development
Shipping

Delphi

Generators, Remote and APU
Military

Development
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Digital Gas

Components and Materials
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EBZ Entwicklungs

Components and Materials
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Shipping

Edison Electric Institute

CHP

User

Elcogen ASs

Generators, Remote and APU

Development

Emprise Corporation

Vendor/Facilitator
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Shipping

Energiened

Vendor/Facilitator
CHP

Development
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Shipping

Entwicklungs Und

Vertriebsgesellschaft
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CHP
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Shipping

FEV Motorentechnik

Generators, Remote and APU

Development

Development

Fideris Vendor/Facilitator o
Shipping
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Technology Park
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Technology
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Components and Materials

Development
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Ceramics Shipping
Kainos Energy .
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Merloni Termosanitari
(Ariston Thermo Group)

Generators, Remote and APU
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Plug Power Development

Military
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Development
User
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Vendor/Facilitator
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Conversion
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Generators, Remote and APU
CHP

Development

Stanford Materials

Components and Materials

Development
Shipping

Statoil Asa

Generators, Remote and APU
Vendor/Facilitator

Development

staxera (Sunfire)

Generators, Remote and APU

Development

CHP Shipping

Sulzer Hexis Generators, Remote and APU | Development
CHP Shipping
Generators, Remote and APU

Sumitomo CHP Development
Vendor/Facilitator
Generators, Remote, and APU

Tokyo Gas CHP Development
User
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Development
Tosoh Ceramics Division Components and Materials o P
Shipping
. Development
Toto Components and Materials o
Shipping
Generators, Remote, and APU | Development
Toyota -
CHP Shipping
Generators, Remote, and APU
Vaillant CHP Development

User

Versa Power Systems

Generators, Remote, and APU
CHP
Military

Development
Shipping

Violet Fuel Cell Sticks

Generators, Remote, and APU
Portable

Development

Generators, Remote, and APU

Development

Wartsila CHP o
Components and Materials Shipping
Generators, Remote, and APU
WATT Fuel Cell Components and Materials Development
Military
Development
Webasto Generators, Remote, and APU

Shipping

Worldwide Energy

Generators, Remote, and APU
Portable

Development

ZTEK

Generators, Remote, and APU
Military

Exotic

Development
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SRR R RIS 2

Assignee Number of Patents
Delphi Technologies, Inc. 28
Nissan Motor Co., Ltd. 10

Battelle Memorial Institute

Rolls-Royce plc

Alberta Research Council, Inc.

Corning Incorporated

Institute of Nuclear Energy Research

Mitsubishi Materials Corp.

Toho Gas Co., Ltd.

Adaptive Materials, Inc.

Devoe; Alan and Devoe; Lambert

Saint-Gobain Ceramics & Plastics, Inc.

Shinko Electric Industries Co., Ltd.

Tokyo Gas Co., Ltd.

Toto, Ltd.

Korea Advanced Institute of Science and Technology

Korea Institute of Energy Research

NanoDynamics Energy, Inc.

Nippon Shokubai Co., Ltd.

Pittsburgh Electric Engines, Inc.

QuestAir Technologies, Inc.

Shell Oil Company

Siemens Energy, Inc.

Technical University of Denmark

University of Houston

Versa Power Systems, Ltd.

Atomic Energy Council

Bloom Energy Corporation

BMW Aktiengesellschaft

BTU International, Inc.

Central Research Institute of Electric Power Indust
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Assignee Number of Patents
Ceramic Fuel Cells Limited 1
Ceres Intellectual Property Company, Limited 1
Curators of the University of Missouri
Dai Nippon Printing Co., Ltd.
ExxonMobil Research and Engineering Company 1
Gas Technology Institute 1
General Electric Company 1
Haldor Topsoe A/S 1
Howmet Corporation 1
HTceramix S.A. 1
Hyundai Motor Company ND Korea Institute of Scieacel 1
Technology
Ikerlan Coop
lllinois Institute of Technology
Kansai Electric Power Co., Japan Fine Ceramicgeten
Mitsubishi Materials Corporation 1
Keefer; Bowie 1
Leland Stanford Junior University, Board of Truste¢ the 1
Modine Manufacturing Company 1
Motorola, Inc. 1
Nano CP, LLC 1
NASA 1
Ovonic Fuel Cell Company, LLC 1
Pirelli & C. S.p.A. 1
Seimi Chemical Co., Ltd. 1
Technology Management, Inc. 1
Topsoe Fuel Cell A/S 1
U.S. Navy 1
University of Chicago Argonne, LLC 1
University of Maryland, College Park 1
UTC Power Corporation 1
Worldwide Energy, Inc. of Delaware 1
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Patent #

Title

7,932,634

Fuel cell hybrid power supply

7,931,997

Multimaterial high-temperature fuel cell seals

7,931,990

Solid oxide fuel cell having a buffer layer

7,931,707

Regenerable method and system for desulfurizirgmedte

7,931,683

Articles having ceramic-coated surfaces

7,931,086

Heating systems for heating subsurface formations

7,928,015

Solar cell fabrication using extruded dopant-begarnraterials

7,927,762

Fuel cell cathode manufacturing method and fuélmehufacturing method

7,927,757

High-temperature fuel cell with mixed anionic anmdtpnic conduction

7,927,755

Ceramic thin plate member

7,927,754

Pressure relief feature for a fuel cell stack

7,927,751

Fuel cell power system

7,926,793

Mixing in wicking structures and the use of enhaheexing within wicks in
microchannel devices

7,926,650

Interface for flexible fluid enclosures

7,923,167

using the polymer electrolyte membrane

7,922,471

Extruded structure with equilibrium shape

7,919,212

Separator for fuel cells

7,919,070

Multizone reforming methods and apparatus for cosiva of devolatilized
biomass to syngas

7,919,068

Method for making metal oxides

7,915,466

Process for the conversion of natural gas to hyatmmn liquids

7,915,465

Process for the conversion of natural gas to hyatmn liquids

7,915,464

Process for the conversion of natural gas to hyatmn liquids

7,915,463

Process for the conversion of natural gas to hymn liquids

7,915,462

Process for the conversion of natural gas to hyatmn liquids

7,915,461

Process for the conversion of natural gas to hyatmn liquids

7,914,941

Solid oxide fuel cell and manufacturing methoelré&of

7,914,939

Multifunction solid oxide fuel cell bundle and thed of making the same

7,914,937

Fuel cell and fuel cell stack

7,914,877

Ceramic thin plate member
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Patent #

Title

7,914,683

Particles of spilled oil-absorbing carbon in contaith water

7,914,636

Synergistic process and recipe for fabrication bigh integrity membrane
electrode assembly of solid oxide fuel cell

7,913,572

Integrated multimeasurement system for measuriygipal properties of gas
diffusion layer for polymer electrolyte fuel celit respect to compression

7,911,618

Holographic interferometry for nondestructive tegtof power sources

7,910,262

Solid-electrolyte-type fuel cell and air electrararent collector used for the same

7,910,261

Cell voltage measurer for fuel cell stack and ftedl system using the same

7,910,253

Reformer for fuel cell and fuel cell using the same

7,910,250

System and method for recharging a metal-air caevesed for vehicle propulsion

7,910,158

Method for fabricating an array of electrode areteblyte materials for use in

solid oxide fuel cells

7,909,975

System for recovering gas produced during elethgsls

7,909,911

Carbon dioxide permeable membrane

7,909,899

Method and apparatus for automated, modular, bismpaser generation

7,906,722

Concentrating solar collector with solid optickdraent

7,906,559

Conversion of carbon dioxide to methanol and/oradivgl ether using bireforming
of methane or natural gas

7,906,450

Photocatalytic electrode and fuel cell

7,906,014

Methods of recovering hydrocarbons from hydrocado@ous material with
reduced non-arbonaceous leachate and CO2 andassiogsystems

7,904,167

Telemetry system for use with microstimulator

7,902,792

Simulator of SOFC for electric characteristics

7,902,111

Supported catalyst for fuel cell,
cell, including the supported catalyst, and fudllioeluding the electrode

method of prapathe same, electrode for fuel

7,901,940

Method for measuring recovery of catalytic elemdram fuel cells

7,901,837

Structures for dense, crack-free thin films

7,901,834

Fuel cell supply, including information storage aevand control system

7,901,824

Colorant-treated ion exchange resins, method oimgakeat transfer systems and
assemblies containing the same, and method of use

7,901,820

Solid oxide fuel cell stack assembly and methadideling

7,901,817

System for flexible in situ control of water in fusells

7,901,814

High-temperature fuel cell system and method ofaigeg same
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Patent #

Title

7,897,650

lonically conductive polymers for use in fuel cells

7,897,530

Glass-ceramic sealant for planar solid oxide ¢teds

7,897,294

Nanc-material catalyst device

7,897,292

Fuel cell apparatus and methods

7,897,290

Device and method for determining theeoating parameters of individual cells
short stacks of fuel cells

7,897,289

Stackable high-temperature fuel cell

7,897,135

Carbon combustion synthesis of oxides

7,896,952

Cartridge adsorber system for removing hydrogefideufrom reformate

7,896,934

Hydrogen-generating fuel cell cartridges

7,896,436

Office components, seating structures, methodsiouseating structures, and
systems of seating structures

7,893,119

Polymer electrolyte membrane, method of prepaitiegsame and fuel cell,
including the same

7,893,117

lon-conducting crosslinked copolymer and fuel celinprising the same

7,892,698

Electrically conductive fuel cell contact material

7,892,691

Solid oxide fuel cell component and a method ehafacturing a solid  oxide
fuel cell component

7,892,690

Methods for controlling fluid delivery in a micraél cell system

7,892,689

Pressure relief control system for a fuel cell sgshaving a pressurized fuel flow

7,892,687

Fuel cell shutdown with steam purging

7,892,685

Fuel cell system

7,892,684

Heat exchanger for fuel cell stack

7,892,681

System of distributed electrochemical cells
structures

inddgd with microelectronic

7,892,599

Surface functionalization of nanomaterials for ioy®@d processing into devices i
products

7,892,417

Catalyst for reforming hydrocarbon and method f@paration thereof, and proc:
for reforming hydrocarbon using said catalyst

7,887,976

Paste for solid oxide fuel cells, anode-suppostil oxide fuel cells

using the same, and fabricating method thereof

7,887,975

Clad copper wire having environmentally isolatirigy

7,887,971

SOFC system with non-noble metal electrode comiposit

7,887,959

Fuel cell module with flexible interconnects
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Patent #

Title

7,887,958

Hydrogen-producing fuel cell systems with load-asgve feedstock delivery
systems

7,884,567

Fuel cell system and method for controlling opemabf the fuel cell system

7,883,820

lon conductive composite membrane using inorgamnolactor and method of
manufacturing the same

7,883,816

Solid oxide fuel cell device and system, methbdsing and method of making

7,883,813

Fuel cell system ventilation scheme

7,883,803

SOFC system producing reduced atmospheric carlmxio@i using a molten
carbonated carbon dioxide pump

7,881,070

Circuit board having power source

7,879,971

Multiblock copolymer, method of preparing the sapaymer electrolyte
membrane prepared from the multiblock copolymerthme of preparing the
polymer electrolyte membrane, and fuel cell empigythe polymer electrolyte
membrane

7,879,754

Sulfur-tolerant catalyst systems

7,879,506

Solid polymer electrolyte membrane, method for uniacturing the same, and
fuel cell using the solid polymer electrolyte mearke

7,879,474Solid oxide electrolytic device

7,878,280|Low-pressure hydrogen fueled vehicle and methaapefating same

7,877,120Battery-operated wireless-communication apparatdsnaethod

7,875,403|Solid oxide fuel cell system

7,875,402|Proton-conducting solid oxide fuel cell systeragihg temperature swing
reforming

7,875,401

Fuel cell system

7,875,398

Fuel cell system

7,875,396

Membrane humidifier for a fuel cell

7,875,090

Method and apparatus to protect synthesis gasflagia pyrolysis and gasification
in a molten liquid

7,874,432

Protected alloy surfaces in microchannel apparatdscatalysts, alumina suppor
catalysts, catalyst intermediates, and methoderaiifig catalysts and
microchannel apparatus

7,871,957

Catalyst support of mixed cerium zirconium titaniogide, including use and
method of making

7,871,735

Ceramic laminate structures
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Patent #

Title

7,871,734

Micro fuel cell

7,871,730

Fuel cell and fuel cell stack having a filter metisan

7,871,459

Apparatus and methods for nonregenerative and eegeve hot gas
desulfurization

7,871,147

Image forming apparatus and method for humidifymgead cap

7,870,723

System and method to operate fuel cell in the esthafuan internal combustion
engine

7,867,668

Electrolyte layer for fuel cell,
layer for fuel cell

fuel cell, and thed of manufacturing electrolyte

7,867,647

Hydrogen generation device and fuel cell systertutting same

7,867,301

Pre-reformer

7,867,000

Stack height tolerance compensating busbar steictur

7,866,388

High-temperature methods for forming oxidizer fuel

7,866,386

In situ oxidation of subsurface formations

7,864,322

Optical methods and systems for detecting a comsiitin a gas containing
oxygen in harsh environments

7,862,957

Current collector plates of bulk-solidifying amomquls alloys

7,862,947

Fault management in a fuel cell-based system

7,862,938

Integrated fuel cell and heat engine hybrid sydi@nhigh-efficiency power
generation

7,862,922

Polymer electrolyte membrane for fuel cell and feedl system comprising same

7,862,706

Methods of recovering hydrocarbons from water-cioirtg hydrocarbonaceous
material using a constructed infrastructure and@sated systems

7,862,705

Methods of recovering hydrocarbons from hydrocado@ous material using a
constructed infrastructure and associated systems

7,862,331

Catalytic microcombustors for compact power or lygateration

7,858,550

Method of making a nanostructured electrode

7,858,261

Systems and methods for stacking fuel cells

7,858,260

Polymer electrolyte membrane and method of prodyitie same

7,858,259

Fuel cell stack clamping structure and solid oxidael cell stack

7,858,256

High-temperature fuel cell system with integrateatrexchanger network

7,858,250

Methods of removing contaminants from a fuel ckdteode

7,858,249

Power supply apparatus and method for line conmetyipe fuel cell system
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Patent #

Title

7,858,214

Method and apparatus for light internal reformingisolid oxide fuel cell
system

7,857,244

Shape engineering of nanoparticles

7,855,030

Inhibitor for prevention of braze migration in <bli oxide fuel cells

7,855,024

Compartmentalized storage tank for electrochenuekilsystem

7,855,018

Microelectromechanical systems phosphoric acid ¢aeé|

7,855,004

Midsectional fuel distributor for fuel cells

7,855,003

Ceramic and alloy anode solid oxide fuel cell

7,854,253

Corrosion inhibitors, corrosion inhibiting heatrisder fluids, and the use thereof

7,851,693

Passively cooled solar concentrating photovoldaiice

7,851,103

Solid oxide fuel cell with lanthanum-gallate ogid and having high output
performance

7,851,102

Fuel cell stack compression retention system usugglapping sheets

7,850,937

Catalytic system for removing carbon monoxide, pratessor and fuel cell syste
using the same

7,850,873

Polymer electrolyte and fuel cell employing the sam

7,849,922

In situ recovery from residually heated sectiona mydrocarbon containing
formation

7,849,730

Device for testing the performance of a sealanBiOFC stacks

7,846,981

Polymer electrolytic membrane, and fuel cell empigythe same

7,846,978

Selective oxidative conversion of methane to meathathimethyl ether and derived
products

7,846,605

Pump having noise-proof and vibration-proof stroetand fuel cell system using
the same

7,846,600

Adaptive purge control to prevent electrode redgias in fuel cell systems

7,846,599

Method for high-temperature fuel cell system st@rind shutdown

7,846,595

System and method to operate a fuel cell in thewgsthof an internal combustion
engine

7,846,568

Power supply and control method therefor

7,846,400

Substrates for nitric oxide releasing devices

7,845,411

In situ heat treatment process utilizing a closeplheating system

7,842,645

Desulfurization adsorbent for fuel cell and destimg method using the same

7,842,645

Desulfurization adsorbent for fuel cell and destdimg method using the same

7,842,634

Blended catalyst with improved performance
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Patent #

Title

7,842,434

Interconnects for solid oxide fuel cells anditer stainless steels adapted for

use with solid oxide fuel cells

7,842,430

Nanocomposite, nanocomposite electrolyte membraakeiding the same, and fu

cell including the nanocomposite electrolyte membra

7,842,429

Solid oxide fuel cell device and system

7,842,428

Consumption-based fuel cell monitoring and control

7,842,424

Multiple stage combustion process to maintain drotiable reformation
temperature profile

7,842,422

Membrane-electrode assembly for fuel cell and ée#llcomprising the same

7,842,410

Polymer electrolyte membrane and fuel cell inclgdime polymer electrolyte
membrane

7,842,260

Reaction vessel and reaction device

7,842,252

Reaction vessel including fielding apparatus

7,842,200

Solid oxide fuel cell (SOFC) anode materials

7,842,110

Steam reforming process and apparatus

7,841,843

\Valveless micro air delivery device

7,841,425

Drilling subsurface wellbores with cutting structar

7,841,408

In situ heat treatment from multiple layers of edands formation

7,841,401

Gas injection to inhibit migration during an insheat treatment process

7,839,018

Method and system of hybrid power management

7,838,166

Method for fabricating solid oxide fuel cell mddu

7,838,162

Fuel cell system and method of computing fuel level

7,838,161

Reformer and fuel cell system using the same

7,838,141

Cerium-modified doped strontium titanate compositionssolid oxide fuel cel

anodes and electrodes for other electrochemicateev

7,838,137

Solid oxide fuel cell device and system

7,837,975

High purity, high-pressure hydrogen production witfsitu CO.sub.2 and sulfur

capture in a single stage reactor

7,837,968

Carbon nanosphere with at least one opening, mdtigaeparing the same,

carbon nanosphere-impregnated catalyst using themraanosphere, and fuel cell

using the catalyst

7,837,964

Method for removing sulfur compounds from gasedaaoing hydrocarbons

7,837,765

Systems and methods for supplying auxiliary fuedains during intermittent

byproduct discharge from pressure swing adsor@ssemblies

74 &R : BCC Research, Market Research Report. 2011

119



Patent #

Title

7,833,674

Method for improving robustness of solid oxide elfaell stacks

7,833,668

Fuel cell system with greater than 95% fuel utti@a

7,833,665

Polysiloxane compound containing sulfonic acid ggunethod of preparing the
same and fuel cell including the same

7,833,642

Forming an impermeable sintered ceramic electrd@gter on a metallic foil
substrate for solid oxide fuel cell

7,833,496

Plate type preferential oxidation reactor

7,833,469

Preparation of yttria-stabilized zirconia react@ntered products

7,833,326

Systems and methods for regulating heating asseoplsation through pressure
swing adsorption purge control

7,833,316

Doped supported zinc oxide sorbents for regenemdsulfurization applications

7,833,311

Temperature-based breakthrough detection and peessing adsorption systems
and fuel processing systems including the same

7,832,737

Multi-layer seal for electrochemical devices

7,832,484

Molten salt as a heat transfer fluid for heatirgubsurface formation

7,832,433

Hydrogen generating fuel cell cartridges

7,829,620

Polymer-zeolite nanocomposite membranes for pretaiange-membrane fuel
cells

7,829,241

Flexible bipolar plate

7,829,235

Fuel cell production method and fuel cell

7,829,213

Planar electrochemical device assembly

7,829,051

Production and uses of carbon suboxides

7,828,864

Steam reforming fuel processor, burner assembtynagthods of operating the
same

7,824,813

Fuel reforming system having movable heat sourdefagl cell system comprising
the same

7,823,570

Process for operating a compression ignition irgiecombustion engine in
combination with a catalytic reformer

7,820,332

Electrolyte sheet with regions of different compiosis and fuel cell device
including such

7,820,331

Fuel cell and fuel cell system

7,820,140

Thermo-neutral reforming of petroleum-based liguydirocarbons

7,818,969

Enhanced efficiency turbine

7,818,959

Clean power system
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Patent #

Title

7,816,055

Compact fuel cell

7,816,051

Fuel cell system

7,815,843

Process for anode treatment of solid oxide fae#f-cnembrane electrode
assembly to upgrade power density in performarste te

7,811,965

Platinum-copper-nickel fuel cell catalyst

7,811,717

Electrically conductive member for solid oxide elstack

7,811,716

Fuel cell

7,811,442

Method and apparatus for anhydrous ammonia praxtucti

7,810,319

Catalytic device with fuel cell portion and catadytonversion portion

7,808,129

Fuel-cell based power generating system having poamditioning apparatus

7,807,544

Solar cell fabrication using extrusion mask

7,807,316

Fuel cell stack compression retention system witkreal springs

7,807,313

Compact fuel cell package

7,807,312

Portable electrical energy generation equipment

7,807,130

Fuel processor dewar and methods

7,807,129

Portable fuel processor

7,803,498

Materials and structures thereof useful as eleatadgsts

7,803,495

Polymer electrolyte membrane for fuel cell, metlfmdpreparing the same, and f
cell system comprising the same

7,803,494

Stress reducing mounting for electrolyte sheetrabbein a solid oxide fuel cell

7,803,493

Fuel cell system with separating structure bondegldctrolyte

7,803,489

Hydrogen mobile power plant that extracts hydrofyeh from water

7,803,488

System for removal of inerts from fuel cell readtan

7,803,473

Integrated power plant and system and method icating the same

7,803,264

Electro-catalysts for the oxidation of ammonialikeéine media

7,803,263

Thin-film support substrate for use in hydrogendarction filter and production
method of hydrogen production filter

7,799,482

Stack of generators and fuel cell system havingémee

7,799,481

Fuel cell, including bypass circuit for intercowtiag fuel cells

7,799,472

High-temperature direct coal fuel cell

7,799,452

Solid polymer electrolyte membrane and producti@ihod of the same

7,799,451

Post-reformer treatment of reformate gas

7,799,452

Solid polymer electrolyte membrane and producti@ihod of the same

7 kiR : BCC Research, Market Research Report. 2011

121



Patent #

Title

7,799,451

Post-reformer treatment of reformate gas

7,799,419

High-temperature gas seals

7,799,371

Extruding/dispensing multiple materials to formtingspect ratio extruded
structures

7,799,315

Thermochemical hydrogen produced from a vanadiucom@osition cycle

7,798,221

In situ recovery from a hydrocarbon containing fation

7,798,220

In situ heat treatment of a tar sands formatioaraftive process treatment

7,794,894

Multi-layer seal for electrochemical devices

7,794,886

Fuel cartridges for fuel cells and methods for mglsame

7,794,690

Carbon sequestration and dry reforming processatadysts to produce same

7,794,689

Method for steam reforming carbonaceous material

7,794,557

Tape casting method and tape cast materials

7,794,170

Joint with application in electrochemical devices

7,793,675

In-line gas purity monitoring and control system

7,790,332

Fuel cells and methods of manufacturing the same

7,790,331

Fuel cell with film having nanowires therein

7,790,328

Single cell for fuel cell and solid oxide fuellce

7,788,048

Apparatus and method for integrating a fuel supyplg a fuel level
pressure sensor

sensing

7,785,752

Fuel cell electrode and method for producing theesa

7,785,749

Manufacturing method of anode for solid oxide | el

7,785,748

Nanc-based gas diffusion media

7,185,747

Stack configurations for tubular solid oxide faells

7,785,744

Fuel cell water purification system and method

7,785,725

Compound for a solid oxide fuel cell stack gasket

RE41,577

High power density fuel cell stack using micro stired components

7,781,912

Uninterruptible power supply with opto-electric @bers for detecting the status of
each source

7,781,695

Inductively coupled plasma/partial oxidation refatmon of carbonaceous
compounds to produce fuel for energy production

7,781,123

Method and apparatus for forming electrode intemeoh contacts for a solid
oxide fuel cell stack

7,781,120

Thermo-mechanical robust solid oxide fuel cellide assembly

7,781,119

Flow shifting in each individual cell of a fuelltstack
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Patent #

Title

7,781,117

Fuel cell stack preheating

7,781,116

Apparatus for thermal simulation of fuel cell

7,781,115

Recuperated atmosphere SOFC/gas turbine hybrié cycl

7,781,112

Combined energy storage and fuel generation witbrsible fuel cells

7,781,109

Hydrogen storage and integrated fuel cell assembly

7,781,085

Monomer compound, graft copolymer compound, pradaanethod thereof,
polymer electrolyte membrane, and fuel cell

7,781,045

Electrolyte sheets for solid oxide fuel cell andthod for manufacturing same

7,780,936

Process for manufacturing an electrochemical device

7,780,812

Extrusion head with planarized edge surface

7,779,873

Method and apparatus for filling a fuel container

7,779,856

Fuel cartridge of a fuel cell with fuel stored adesfuel liner

7,776,785

Catalyst for carbon monoxide conversion and metifazhrbon monoxide
modification with the same

7,776,491

Separator unit and fuel cell stack

7,776,484

Separator for fuel cell, method for producing sapar and solid oxide fuel cell

7,776,483

Method and system of activating fuel cell stack

7,776,479

Micro-electro-mechanical systems phosphoric acad ¢ell

7,776,386

Method for forming a micro fuel cell

7,776,201

Electrochemical regeneration of chemical hydrides

7,774,894

Micro powered floor cleaning device

7,771,886

Fuel cell

7,771,884

Solid oxide fuel cell stack having an integras gadistribution manifold

7,771,676

Preferential oxidation reactor integrated with heathanger and operating method
thereof

7,771,519

Liners for ion transport membrane systems

7,768,800

Multiphase converter apparatus and method

7,767,359

Device for producing water on board of an airplane

7,767,358

Supported ceramic membranes and elebiemical cells and cell stacks includ
the same

7,767,357

Reactor

7,767,329

Solid oxide fuel cell with improved current cadten

7,767,326

Water controller system having stable structuredfogct methanol fuel cell

7,767,324

Direct methanol fuel cell electrode catalyst
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Patent #

Title

7,767,004

Functionalized adsorbent for removal of acid gasesuse thereof

7,766,251

Fuel injection and mixing systems and methods ofguthe same

7,765,949

Extrusion/dispensing systems and methods

7,764,160

Variable-resistance element

7,763,393

Fuel cell having electrode channel member with coeath shape

7,763,392

Integrated fuel-air delivery system

7,763,371

Solid oxide fuel cell electrolyte and method

7,763,368

Efficient micro fuel cell systems and methods

7,763,217

Rapid start fuel reforming systems and techniques

7,762,495

Solar powered aerial vehicle

7,762,278

Valves for fuel cartridges

7,759,453

Multiblock copolymer, method of preparing the sapaymer electrolyte
membrane prepared from the multiblock copolymerthime of preparing the
polymer electrolyte membrane, and fuel cell empigythe polymer electrolyte
membrane

7,759,016

Unit cell of flat solid oxide fuel cell and fuekll stack comprising the same

7,758,993

Tubular solid oxide fuel cell current collector

7,758,992

Copper-substituted perovskite compositions fordsoloxide fuel cell cathodes
and oxygen reduction electrodes in other electnmoted devices

7,758,990

Fluid recycling apparatus and fuel cell system gisire same

7,758,989

Modular fuel cell cassette spacers for forminglalsooxide fuel cell stack

7,758,987

Fuel cell system

7,758,986

Proton conductor, polymer electrolyte comprising same and fuel cell employing
the polymer electrolyte

7,758,983

Fuel cell disassembly method and fuel cell

7,758,822

Reactor device

7,758,751

UV-cross-linked membranes from polymers of intrensiicroporosity for liquid
separations

7,757,676

Reforming of GTL for marine applications

7,754,644

Noble metal particle and process of producing trae

7,754,371

Fuel cell disassembly method

7,754,367

Solid bonded interconnect system in a lightwegghlid oxide fuel cell stack

7,754,359

Solid oxide fuel cell
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Patent #
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7,754,168

Concentrate of fine ceria particles for chemicathanical polishing and preparing

method thereof

7,754,164

Reformer and fuel cell system having the same

7,753,973

Process and system for converting carbonaceousttexd into energy without
greenhouse gas emissions

7,749,628

Thermally integrated SOFC system

7,749,626

Fuel cell power generating system with two fuelscelof different types and
method of controlling the same

7,749,465

Reformer module

7,748,259

Systems and methods for solid oxide fuel cellasigr analysis

7,745,948

Emergency pitch drive unit for a wind turbine

7,745,064

Oxidation facilitator

7,745,063

Fuel cell stack

7,745,060

Fuel cell system and method of operating the fetlaystem

7,745,036

Direct oxidation fuel cell system and membranetetele assembly thereof

7,745,035

Separator and fuel cell using thereof

7,745,034

Fuel cell system and fuel cartridge having fuefé@umodule

7,745,033

Polymer electrolyte fuel cell and separator forypotr electrolyte fuel cell

7,745,031

Solid oxide fuel cell

7,745,029

Ferritic steels for solid oxide
applications

fuel cells antier high-temperature

7,745,028

Fuel cell system

7,745,027

Catalytic dehydrogenation of amine borane complexes

7,745,026

Direct carbon fueled solid oxide fuel cell or ltgmperature battery

7,744,990

Thin-film support substrate for use in hydrogendarction filter and production
method of hydrogen production filter

7,744,830

Catalyst for microelectromechanical systems mi@oi@s

7,744,824

On-board fuel desulfurization unit

7,744,751

Method of generating hydrocarbon reagents frometliestural gas and other
logistical fuels

7,744,664

Compact counterflow fuel reformer

7,743,861

Hybrid solid oxide fuel cell and gas turbine étmcgenerating system using
liquid oxygen

7,740,968

lon-conductive binder membrane-electrode assenmayfizel cell
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7,740,966

Electrochemical cell stack assembly

7,740,772

Ceramic anodes and method of producing the same

7,740,670

Catalyst for partial oxidation reforming of fueldfuel reforming apparatus and
method using the catalyst

7,740,669

Reformer for fuel cell system, fabrication methbdrefor, and fuel cell system
comprising the same

7,736,817

Method of forming an interface between componeatary different rates of
expansion

7,736,788

Pattern molding of polymeric flow channels for noi¢uel cells

7,736,787

Ceramic membranes with integral seals and supportebeudrochemical cells a
electrochemical cell stacks including the same

7,736,786

Composition for fuel cell bipolar plate

7,736,784

Injection nozzle assembly and fuel cell system hgtihe same

7,736,782

Proton conductive solid polymer electrolyte anel ftell

7,736,774

Solid oxide fuel cell system

7,736,772

Tubular solid oxide fuel cell stack

7,736,724

Fabrication of nanobaskets by sputter depositiopaous substrates and uses
thereof

7,736,596

Self-regulating feedstock delivery systems and bgedngenerating fuel processi
assemblies and fuel cell systems incorporatingémee

7,736,547

Method of synthesis of proton conducting materials

7,736,399

Electrically heated metal vaporizer for fuel/aieparation in a hydrocarbon
reformer assembly

7,735,935

In situ thermal processing of an oil shale formatontaining carbonate minerals

7,735,918

Office components, seating structures, methodsioiuseating structures, and
systems of seating structures

7,132,737

Micropowered warming container

7,732,084

Solid oxide fuel cell with internal reforming,tedyzed interconnect for use
therewith, and methods

7,732,082

Fuel cell module

7,732,076

Heating solid oxide for fuel cell stack

7,732,075

Solid oxide fuel cell component and a method aehafacturing a solid — oxide
fuel cell component

7,731,491

Fuel storage devices and apparatus including tine sa
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Patent #
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7,730,947

Creating fluid injectivity in tar sands formations

7,730,946

Treating tar sands formations with dolomite

7,730,945

Using geothermal energy to heat a portion of a &tiom for an in situ heat
treatment process

7,727,662

Low-temperature alkaline fuel cell

7,727,661

Fuel cell system with gold gasket

7,727,653

Polymer electrolyte membrane and fuel cell usirgghme

7,727,650

Interconnected, 3-dimensional fuel cell design

7,727,293

Hydrogen generating fuel cell cartridges

7,722,980

Solid oxide fuel cell directly utilizing flame

1,722,687

Methods for the deposition of electrocatalyst et

7,722,685

Process and device for producing a fuel cell staaike applying a controlled force
to the assembled stack

7,718,304

Electrode for fuel cell, method of producing thensa and fuel cell including the
electrode

7,718,295

Method for preparing an interconnect

7,718,113

Gas delivery substrate

7,717,404

Humidifier

7,717,171

Moving hydrocarbons through portions of tar sarmdsftions with a fluid

7,717,167

Switchable power allocation in a downhole operation

7,713,899

Method of producing membrane electrode assemlgdressie in proton exchange
membrane and direct methanol fuel cells

7,713,650

Method for reducing degradation in a fuel cell

7,713,649

Fuel cell stack with internal fuel manifold configtion

7,713,645

Conductive connecting members and electrochemyst¢s

7,713,642

System and method for fuel cell operation withii-seformer regeneration

7,709,124

Direct hydrocarbon fuel cells

7,709,122

Proton conductive electrolyte membrane, solid pakyfuel cell and method for
producing proton conductive electrolyte membrane

7,709,121

Method and apparatus for recirculating unusedifuélel cells

7,709,120

Method to maximize fuel cell stack shorting resis@a

7,709,118

Recuperated atmospheric SOFC/gas turbine hybrilé cyc

7,707,987

Hydrogen G-cycle rotary internal combustion engine

7,707,817

Fuel processor
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7,705,490

Integral stack columns

7,705,059

Selective oxidative conversion of methane to methatimethyl ether and derived
products

7,704,918

Synthesis of metal-metal oxide catalysts and edeatalysts using a metal cation
adsorption/reduction and adatom replacement by maloke ones

7,704,618

High-temperature fuel cell system and method ofatieg same

7,704,617

Hybrid reformer for fuel flexibility

7,704,483

High surface area tetragonal zirconia and procdsseynthesizing same

7,704,383

Portable fuel desulfurization unit

7,704,369

Electrolysis of carbon dioxide in aqueous medieadon monoxide and hydrogen
for production of methanol

7,703,513

Wax barrier for use with in situ processes fortirgpformations

7,703,445

Fuel supply system

7,700,521

Platinum-copper fuel cell catalyst

7,700,217

Electrolyte migration control for large area MCR@cks

7,700,215

Clad current carrier for a solid oxide fuel cghck

7,700,210

Increasing thermal dissipation of fuel cell stauksler partial electrical load

7,700,206

Fuel cell system

7,700,070

Process and apparatus for catalytic conversioryafdearbons for generating a gas
rich in hydrogen

7,700,005

Oil-based thermoneutral reforming with a multi-campnt catalyst

7,699,909

Systems and methods for extraction of carbon dekidm air

7,699,102

Rechargeable energy storage device in a downhelatpn

7,698,936

Fuel gauge for fuel cartridges

7,698,119

Simulator of fuel cell on gas phase reaction

7,696,121

Photocatalytic electrode and fuel cell

7,695,865

Method of manufacturing a solid electrolyte batteaving particle ink layers

7,695,842

Fuel supply device for direct methanol fuel cells

7,695,841

Solid oxide fuel cell tube with internal fuel pessing

7,694,550

Apparatus for measuring permeability rate of anoidsolid oxide fuel cell

7,691,770

Electrode structure and methods of making same

7,691,523

Method of preparing fuel cell comprising proton danting solid perovskite
electrolyte membrane with improved low temperatareconductivity, and

membrane electrode assembly of fuel cell prepayetidomethod
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7,691,521|Solid oxide fuel cell
7,691,516|Fuel cell system and stack used therein

7,691,514

Polymer-zeolite nanocomposite membranes for pretamange-membrane fuel
cells

7,691,507

Combination fuel cell and ion pump, and methodsiafrdstructure systems
employing same

7,691,501

Fuel cell system and controlling method thereof

7,691,271

Filamentous carbon particles for cleaning oil spelhd method of production

7,687,424

Photocatalytic electrode and fuel cell

7,687,173

Process for making a ceramic composite device

7,687,172

Fuel cell system

7,687,170

Fuel cell system

7,687,166

Process for generation of electricity from a solioikide fuel cell auxiliary power
unit using engine exhaust gas

7,687,090

Fuel cell device assembly and frame

7,686,937

Separator plates, ion pumps, and hydrogen fuesihfucture systems and methods
for generating hydrogen

7,683,232

Production of olefins having a functional group

7,683,098

Manufacturing methods for nanomaterial dispersems products thereof

7,682,724

Use of metal supported copper catalysts for reffogralcohols

7,682,528

Oxide ion conductor

7,681,647

Method of producing drive fluid in situ in tar sanfibrmations

7,678,486

Separator for fuel cell and fuel cell containing geparator

7,678,484

Electrochemical device and methods for energy amnwe

7,678,481

Fuel cell system with a fuel tank configured torsta fuel at a pressure higher than
atmospheric pressure

7,678,351

High-temperature CO.sub.2 capture using enginesggdhells: a route to carbon
management

7,678,181

Hydrogen permeable membrane, fuel cell and hydregéacting apparatus
equipped with the hydrogen permeable membranemestidod of manufacturing
the hydrogen permeable membrane

7,678,180

Integral fuel cartridge and filter

7,677,884

Burner

7,677,314

Method of condensing vaporized water in situ tatitar sands formations
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7,677,310

Creating and maintaining a gas cap in tar sanasdbons

7,674,735

Glass-ceramic seals for use in solid oxide fadbkc

7,674,546

Metallic separator for fuel cell and method foriamttrrosion treatment of the same

7,674,543

Solid oxide fuel cell of multiple tubular electies

7,674,542

Fuel cell system

7,674,540

Fuel cartridges for fuel cells and methods for mglsame

7,674,538

Apparatus and method for high-efficiency operatba high-temperature fuel cell
system

7,673,681

Treating tar sands formations with karsted zones

7,670,987

Reforming catalyst for hydrocarbon, method for pr@idg hydrogen using such
reforming catalyst, and fuel cell system

7,670,713

Fuel cell electrode and membrane-electrode asseanmblyuel cell system

7,670,711

Cerium-modified doped strontium titanate compositionssolid oxide fuel cel

anodes and electrodes for other electrochemicateev

7,670,710

Fuel cell and fuel cell stack with pressure charmber

7,670,703

Solid electrolyte fuel cell supported by an inttgd reformer

7,670,701

Apparatus and method for heating fuel cells

7,670,679

Core-shell ceramic particulate and method of making

7,670,475

Fluorine separation and generation device

7,670,118

Hot gas blowing fan

7,667,085

Process for the conversion of natural gas to hyahmmn liquids

7,666,809

Electrode catalyst for fuel cell, electrode forlfaell, and fuel cell

7,666,539

Heat efficient portable fuel cell systems

7,666,534

Electro-catalytic oxidation device for removingloan from a fuel reformate

7,666,533

Determination of the lambda value of reformate

7,665,460

Micropowered gas-forming device

7,663,384

Method and apparatus for measuring metallic areaip resistance

7,662,740

Platinum-chromium-copper/nickel fuel cell catalyst

7,662,503

Fuel cell, disassembly method thereof, and separated therein

7,662,497

Solid oxide fuel cell with a metal bearing stiuwret

7,662,496

Fuel cell cooling system and method for controllangulation of cooling liquid in
fuel cell

7,662,435

Method for reducing coking in a hydrogen generateactor chamber
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7,662,304

Corrosion inhibitors, corrosion inhibiting heatrisder fluids, and the use thereof

7,662,194

Binder composition for fuel cell, membrane-elece@ssembly for fuel cell, and

method for preparing the membrane-electrode asgembl

7,661,562

Micro powered dispensing device

7,659,027

Fuel cell and fuel cell stack

7,659,025

Electrode-supported solid-state electrochemical cel

7,659,022

Integrated solid oxide fuel cell and fuel proaegss

7,659,021

Power generating apparatus using solid oxide dekl

7,659,019

Thermally primed hydrogen-producing fuel cell syste

7,659,016

Fuel cell with a device for storing water

7,659,015

Combined fuel cell system

7,658,892

Pipe shaped reformer having rugged internal surface

7,655,346

Electrode material and fuel cell

7,655,337

Micro fuel cell thermal management

7,655,333

Sub-micron solid oxide electrolyte membrane foel cell

7,655,331

Fuel cell supply including information storage devand control system

7,655,195

Undulated-wall honeycomb structure and manufacgumethod thereof

7,655,147

Method of removing ions from a fuel cell system

7,655,056

Hydrogen generating apparatus

7,654,658

Consumable product container and image forming rapys

7,652,089

Nanocomposite, nanocomposite electrolyte membraddugel usincthe same

7,651,810

Interconnect supported fuel cell assembly, prefantt method of fabrication

7,651,809

Channel member for providing fuel gas to separdtoraing a plurality of fuel gas
fields on one surface

7,651,801

Current bus and power lead assemblies for soliddeox fuel cell generators

7,651,797

Electrochemical cells comprising laminar flow ilmeéd dynamic conducting
interfaces, electronic devices comprising suctscalhd methods employing same

7,651,669

Microsystem process networks

7,648,792

Disposable component on a fuel cartridge and ferwith a portable fuel cell
system

7,648,789

Fuel cell gas separator plate with paths of eleailsi conductive material of a
silver- glass composite

7,648,785

Clean power system
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7,648,784

Method and apparatus for controlling a fuel cediteyn having a variable number
parallel-connected modules

7,648,652

Polymer electrolyte and fuel cell employing the sam

7,648,541

Desulfurization of fuel

7,645,537

Multi-cell fuel cell layer and system

7,645,535

Method and materials for bonding electrodes toramienect layers in solid  oxid
fuel cell stacks

7,645,532

Solid oxide fuel cell system having an upstreaformate combustor

7,645,529

Fuel cell characteristic recovery method and afgpara

7,644,765

Heating tar sands formations while controlling grese

7,642,742

Fuel cell system with fuel supply monitoring systand method of use

7,642,217

Pt/Ru alloy catalyst for fuel cell

7,642,213

Method of producing membrane electrode assemldressie in proton exchange
membrane and direct methanol fuel cells

7,642,000

Fuel cell electrode, membrane-electrode assemiudlyfueel cell system

7,641,997

Design and synthesis of guest-host nanostructarestance ionic conductivity
across nanocomposite membranes

7,641,994

Fuel processing method and system

7,638,227

Fuel cell having stack structure

7,638,226

Apparatus and method for controlling kinetic rdt@sinternal reforming of fuel in
solid oxide fuel cells

7,637,967

Stepped gradient fuel electrode and method for nggitie same

7,637,263

Method of controlling body temperature with ancélechemical device while
providing on-demand power to an electrical device

7,635,533

Fuel cell electrocatalyst of Pt-Mn-Co

7,635,531

Self contained fuel system for solid oxide faell

7,635,024

Heating tar sands formations to visbreaking tentpeza

7,632,599

Separator for fuel cell and fuel cell using the sam

7,632,596

Distributed feed fuel cell stack

7,632,595

Compliant fuel cell system

7,632,594

Solid oxide fuel cell with improved gas exhaust

7,632,593

Bipolar plate supported solid oxide fuel celllwét sealed anode compartment

7,632,590

System and a method for manufacturing an elecralging electrodeposition
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7,632,588

Electrochemical cell having gas flow channelsaumded by solid electrolyte
and interconnector

7,632,586

Solid oxide fuel cell positive electrode--eletyte--negative electrode

7,632,584

Systems including replaceable fuel cell apparatasmaethods of using replaceable
fuel cell apparatus

7,632,582

Method and apparatus for maintaining high voltaga fuel cell

7,632,384

Multi-functional sensor system for molten salt teclogies

7,632,322

Hydrogen-producing fuel processing assembliesjigpassemblies, and methods
of operating the same

7,632,321

Fuel processing systems, fuel cell systems, andoveil feedstocks therefor

7,631,690

Heating hydrocarbon containing formations in aapstartup staged sequence

7,629,072

Membrane-electrode assembly for fuel cell and éedllsystem comprising the
same

7,629,069

Solid oxide fuel cell system

7,629,067

Hydrogen-producing fuel processing systems anddekkystems with a liquid
leak detection system

7,629,065

Fuel cell system with a first and second electiyoadnductive casing

7,628,951

Process for making ceramic insulation
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