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TV RT 4 — BN TEL BHHEORBBRE & LTI TS,
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) IZHY T2, 2003 FEOKEDOE N EFEREN 442GW o722t 2E 25 L, K180
W EFENRDDICHYE T LEOKENEEINTZZ LI D,
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CHs4+ + H20 — CO + 3 H2 - 191.7 kd/mol
B &{t/%F% (carbon monoxide)
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B, bEBEIEIRFLEMIELFEE L W AFELZHRICSEAMFERKICEEZ S EDL &V
IHDTH D,

CO + H20 — CO2 + H2 + 40.4 kd/mol
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NAHIIFIFEEVEETH D,

1-2-3 B2 8E (thermochemical production)

3 7 F#F—fiEn (lodine-sulfur cycle) @ X 9 b FELEEIC L - THEXEHED
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IS FUSIZ X B GEIZIZ =S DWERH 5, £3. HK 100 ETKE I URDIREWIC
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1-3 KK DETEL (storage)
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1-3-2 £EKFIL® (metal hydrides)

KFEERFET D120, fEERKFEORDVICEBKFEYEZBARL LTH Y FELE 2
HILTWD, KFBIADFTHRNT <, KFEZRN LY BT 20 L TH 5H, MFEE
DOa BB IL, MR I ER R AIRIC S 20 EH D L, E oo/ NIk D
B H 725, BIE, KERFOLDIRE SN TV LERBAKF DI VHELY F UL
EEHETHLOTHD, BRESZY O LT—FELEVONENREN, RILKZRE
IZHARTEEYZ VO R A —FEENMENZ LRSI TH D,

B & B KT WT, BB HZ D> TREIFORERREI L LTEZBN S,
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+FeOEISTEBIEY HEREL 11X 7T L4720 220 KL, LnL,
GlEAKFMZ 7 3BE, VFULAEZHALTELR, 1¥Fa 7T 45%7-0 90 K
DEGED 2 R RN D,
EIBAKFEDITRBEZ Lo TS ERZ L, AMRIZE > THEETLH D, MIEEORMT
BEINBETTVDEHLOD, FAO—HTEZLELEAMNMICE > TV RVDIFZDORED
Thd, MEOBE S 1348 RKF D ORI L > TRAEZN, AMRICE &R G KAED
BIRKFEMIFEETH 5,

1-3-3 &R ik1b /K% (synthesized hydrocarbons)

EEAKFBAMORBRELTH I —2B26NDL0N, KEZESEARE L TERE DR
BARFEME D HETH D, /NSRS B TRIGKFED B ARF 2 LBRBHEMIZIESD & v
DD THD, 1272, SEBOLMHBE IR IRV B, EEREICRIT 211 ¥F —k
KHREL, 6T, REFEROAHE &< DL,

HPE AKX ) — VRENEM (direct methanol fuel cells) 1T E &2 L E LRWA, Bl
TEDRBIERIC LR TR X =R T —FE B,

E R LR el EM (solid-oxide fuel cells) X, KEE2 L TR AN 0X X D X
D IRBRALKBEZBEHCTE D, HDHWIT, WO ER LM 5 Z & TRRILKEZ R
BHZTE %, LarL, BN &EIRICARD Z & AEET 2 DICREM A2 572D, HBJEC
fif 2 HEM TITZ20,

1-4 #ix% (transportation)

TARFICB T 2 EHEEETOSRAE., KBIZZ VX —JRE L TET DIZFIEFICE <
DL, BREVERMOEMNERILE DR Z LR T HITE - TR0,

2005 FERHE, TAXNX—ZESTELE L THRLEZVONTY T =0 A ZEHE Clikd
HT TR, RIS E VWS BENFIC O EE L 5, RIZEWVDOR, AT T4
VINERZ U= K DAMXINIARA T T A AN LD METH D, AREGE LY h
—TCHESDO L FSICZTH D, WERKRHT A (LNG) %% v — CTilESOIFIL0mIC
725 ERFFIZ, LNG OFER G > ELELIRET HDVLENH S (DF D, LNG 21 51
N H o EWARITIT R B, FRICERMTER R ERT OB H kot L L7T),

KFEIE, BUFET 20N R LF— L0 bk R MREL 2D, RKT A L g
&, AL RLX—Z@ET 256, KEOE CTKEBIIRATAD IHFICHRD, L
b KFBIFEOL L EIMESIEL7-ORHMLIORIMNMEL 72D REEH L &V EK
FIMMEFEAER S EH,



Preliminary Hydrogen Delivery Technical Targets

| Current Status" | 2005 Target | 2010 Target | 2015 Target
Pipelines: Transmission
Total Capital Cost ($M/mile)® | 120 120 | 1.00 | 0.80
Pipelines: Distribution
Total Capital Cost ($M/mile)® | 030 03 | 025 | 020
Pipelines: Transmission and Distribution
gﬂiﬁﬂli?ﬁi&iéﬁmﬁmqmqf o fincd Undehingg || Tndestoad H@ﬁggﬁms
H, leakage® Undefined Undefined <2% <0.5%
Compression: Transmission
Reliability® (%) 92 92 95 =09
Hydrogen Energy Efficiency (%) 99 99 ) 99
Capital Cost ($M/compressor)® 18 18 15 12
Compression: At Refueling Stations
Reliability® (%) Unknown Unknown 90 99
Hydrogen Energy Efficiency (%) o4 94 95 96
Contamination” Vi by desipa Vr;;?' Fedkiced Nowis
Cost Contribution ($/gge of H,)¥ 0.60 0.60 040 0.25

* All dollar walues are in 2003 US. dollars

b The 2003 status is based on data from True, W.R_"Special Report: Pipeline Economics,” Oil and Gas Journal, Sept. 16,
2002, pp. 52-57. 'This article reports data on the cost of natural gas pipelines as a function of pipe diameter. It breaks the
costs down by materials, labor, misc., and right-of-way. It is based on a U.S. average cost. A 15-inch pipe diameter was
used for transmission and 2.5 inch for distribution. Tt was assumed that hydrogen pipelines will cost 30 percent more
than natural gas pipelines based on advice from enerpy and industrial gas companies and orpanizations. The targeted
cost reductions for 2010 and 2015 assume the right-of-way costs do not change.

= Pipeline reliability used here refers to maintaining integrity of the pipeline relative to potential hydrogen embunttlement
or other issues causing cracks or failures. The 2015 target is intended to be at least equivalent to that of today’s natural
gas pipeline infrastrcture.

¢ Hydrogen leakage based on the hydrogen that permeates or leaks from the pipeline as a percent of the amount of
hydrogen put through the pipeline. The 2015 target is based on being equivalent to today’s natural gas pipeline
infrastructiure based on the article: Dawid A. Kirchgessner, et al, “Estimate of Methane Emissions from the U.S. Natural
Gas Industry”, Chemososphere, Vol 35, No 6, pp. 1365-1390, 1997.

* Compression reliability is defined as the percent of time that the compressor can be reliably counted on as being fully
operational. The 2003 value for transmission compressors is based on information from energy companies that use
these types and sizes of compressors on hydrogen in their own operations.

f Hydrogen energy efficiency is defined as the hydrogen energy (LHV) out divided by the sum of the hydrogen energy in
(LHV) plus all other energy needed for the operation of the process.

Hi# : Hydrogen from Coal Multi-Year RD&D Plan
(www.fossil.energy.gov/.../fuels/publications/programplans/
2005/Hydrogen_From_Coal RDD_Program_Plan_Sept.pdf)

X 1-1 KESLRHE@EEIRX b+
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Ty a KIEEOA =TT 4 T REMICE 2 A NI b EmT AEITRO L BY
Th b,

WKFEOAPE 2 A NI
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MO BKEEFEETED L) ICHERERESES,
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WK ENTBE, WETHAMED 55% %A L TEBY ., BUROE ETWIFIE, 2025 4F
TITIXZEND 68%I2FE T EFHT 5,
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FAMEZNETOIIICHET 201, KEOZX VX —{RIEDOZDITITAERTH Y | S
EFEAM~OKFEZ T 2R ODEMDDBLEKRD B HFEN, BEEMEDOE L TH
ey
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OEIE, KENRSH, WAL TV REITIFIFEHFELL,
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Figure 1.1 Potential Transportation Qil Savings with FCVs (December 2002)
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Figure 1.2 HEV Contribution to Total Light-Vehicle Oil Savings from
Vehicle-Related Technologies Supported by DOE (June 2003)

Hi 8 : Description of Model Used to Estimate the Impact of Highway Vehicle

Technologies and Fuels on Energy Use and Carbon Emissions to 2050
(www.transportation.anl.gov/pdfs/TA/299.pdf)
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+ Argonne National Laboratory
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- Lawrence Berkeley National Laboratory
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Model for Hydrogen Cost Goal
(Equivalent $/mile for consumer)
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Summary of EIA Cases & FroadomCAL 4.
Hydrogen Cost - Gﬁ*

Fue] ™ ertir

EIA Case 2015 World 2015 Gasoline | Hydrogen Hydrogen

Oil Price, Price Threshold Prioritization

$/bbl (untaxed), Cost, $/gge. Cost, $/gge.

$/gal. (Gas ICEV) (Gas HEV)

High “B” 41 1.40 3.36 2.32
Warld Oil
Price
High “A" 34 1.26 302 209
World Qil
Price
Reference 27 1.07 257 178
Case
The Hydrogen Threshold Cost is based on a Vehicle Fuel Efficiency Improvement Factor of
2 4 from the NAS.
The Lower Hydrogen Threshold Cost is based on a Vehicle Fuel Efficiency Improvement
Factor of 1.66 from the NAS.

H i : DOE Hydrogen Program Record(Z% & £L3)
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Figure 10. The Hydrogen from Coal Program and Support of
Other Programs and Initiatives

O,

Hydrogen
from Coal

’ Program

Production

Hid . Hydrogen from Coal Multi-Year RD&D Plan
(www.fossil.energy.gov/.../fuels/publications/programplans/
2005/Hydrogen_From_Coal_RDD_Program_Plan_Sept.pdf)
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+ American Electric Power (Columbus, Ohio)

- BHP Billiton (Melbourne, Australia)

+ China Huaneng Group (Beijing, China)

- CONSOL Energy (Pittsburgh, Pennsylvania)

- Foundation Coal (Linthicum Heights, Maryland)

+ Kennecott Energy (Gillette, Wyoming)

» Peabody Energy (St. Louis, Missouri)

- Southern Company (Atlanta, Georgia)

[ 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 ]

Alliance
Established
Siting, Environmental Review & Permitting
Project Structuring and
Conceptual Design
Facility Construction
Plant Startup and Testing
Full Scale Plant Operations
Site
Monitoring

)

H L . http!//www.futuregenalliance.org/about/timeline.stm
4-4 TJa—Fx¥—Tz DEIALARTDa—)
4-11 2005 RETFEEDRF H/KFEBHZE (Nuclear Hydrogen Research)
JRAJIKFBWGEA =T 7 4 71X, KFEEAET D120 EIREZEZEFIH Lo kFEA

PEEIT OBIRITFE L TV 5, i )= kv — Bl - 577 /5 (Office of Nuclear Energy,
Science and Technology) 23325 DOE KE 7 n /7 L0 —8 & LT, &BENIGE



FIH U T2 K SRAEPERFFEIZ DT 2005 REHEE TIE, RO 3 SOMFRICTRAMENT,
WU LAY RED TR I 7FEEY (The Sulfur-Todine Cycle) | : {LZBG D F-Ar od Hl
EXROET Y > 7 2 LTz SOSIETE D 4T |

WYX RTFARED (a7 NSO T oD Y 2« =N K- &7
X v 7 A (Silicon Carbide Ceramics) |

WY Aar v REO [HEABEHE)L—7 (Salt Heat Transport Loop) : FA & & 1EH
VS IETEY

FNODOWFERIL, KREBNOHET ZADH R WKEEELZ R TR F— 5 EH I
HZEEBHETOLOT, BEMIZIZ. F4HRIEFIFICE S TKEEEDOTES A ML —
g Nl ORTTEWEXTH B,

4-12 H2A T )L - Y7R— FOERAM

FAEFHE RV X —EAFSCFT (National Renewable Energy Laboratory) (%, R
EDOWH T K- T, KFEHH (Hydrogen Analysis : H2A) 7 /v— 7% F&E L, KFELEFE
AR EFEFAERELTCNS, H2A EF ML, —B Lo 5 E & BAMED &V o
VEPICROED LD TH D, Frv vz 7a—3Y — L&A LT, KEALAED)
ERNC B/ NROKFE T A N &2 FHIT D, H2A OWHIBERE & KFBAED /2T T VLT T
BRI, ARSRKART A, NA A~ A BRGTGEE o T AFRE N DK FEAFE T VEIZ D
WTHBiEh T 2o,

H2A 70— 0 A 83— (%, BRI SR AR OEANTHE SN D, £
Wz, FEER #E (Key Industry Collaborator : KIC) {3205 16 AM&hnL,
RBECHE 2R 2 2L THOWCET AARBICHFELS LTS, EEET LVOFEMIZ, B
R #H 2 B H B w &= X F L EF H T = 5 X 9
www.hydrogen.energy.gov/h2a_analysis.html (Z#g# ST\ 5,

4-13 K£=T0J S LORFEEEAN

KET T ST ATOWIRICHT DHEMEFHFOBEITRI L Z O S 2 &2 H20E, BT
SRR & B F S L E 2 %, DOE KFEF 02T MmE, R7 s T AR+
HEMFEDORREE L TH SN D RTFOK & BRI 2 itk LT\ 5, 2005 &EHE
T AKES RS FAETFOT 0Tz s M8 ODREHN T 72 (5 b — X E B,
AN A T A FHFEE ISR R BRI AT O 22 02 5 48 HIZ RIEHN L 7=,
2005 4EIC1E 100 22 D F -7 Y=/ NRAE-THEY ., KES B ST L TIEN
T OB T E OB EMERICHIR LT ETETH O . FEFREE OOL SRS
BT b0 LIS RS,



Hydrogen Program Patents

g0
B Apphcahons Filed
* 1 @ Patenls Granied
40
30
20
10
0 -
2003 2004 2005
Fiszal Year

H B : FY 2005 Progress Report(ZE &£} 1)
4-5 KETOUSLEHH

4-14 DOEKFRTOY S LDz THA +

2005 FEWCH I E SN DOE kK#E v /7 72507 = 7% A b
(www.hydrogen.energy.gov) (&, 7 v ¥ = KfEHHIZ L D KFBREA =T 7 4 7 O
BIRIEECEREAEDETENRTH D, Ry =74 Mo, BEORHT =2 — 2% 130
W, FFEEE, W5, BEoMHE ot ARER BRI TWD, 2. TR AF—0%)
FKACRH AT AL X —ICHTAEBEFTO T = 7414 FOFns, KERECRENE
MICBE L CHEENMEL TWAEEDO Y = 7 A MCEFEITTAR]72) 7 bELS SN
T3,

4-15 2005 FDOEREFE

DOE KK 7w 77 LT 200645 H, "=V =T N7 —VU v N AT THERSHE LM X,
MR EN Z K5 L7, 300 2257 Y= MIOWT, HEAIZ L D RELE B H AT
B G > 72, K& RBFEMEHTICET 25 5 2 MHEICOWVWT 150 AOHEMEN S5
FAERIL, 300Lh EOTR Y2l bDHH 20007 1Yy MBI URSAZ FHE L, #i
BRIERRNELE 2 DT,

K7y NOFELMEE (PD X, £EOLNTERARNESCHS ZHEIEL, Mo
RIS T D, ZHEFRIREIC, DOE OHMTHIEE#EE 5 (Technology Development
Managers) 1. £ 5 DWNE 2 BAEFE DA IENE O F 1R T HIREOMEHIIEH T 5,
ZOEFETIE, BB O HENOWE T 1 Y 2 7 MIKERIZR > TR, FEEORK
Hi%, www.hydrogen.energy.gov/annual_review05.html (Z#5# LTV 5,



5. AV I7ANLZTFTMEHEMN—bF—2 0T
(The California Fuel Cell Partnership)

5-1 A1) A4 ILZFMBEREM/N— b F—2 v TOMBE

BV T =T IR EVE N— FF— v 7 (The California Fuel Cell Partnership
(CaFCP)) 1%, 31 OB/ O 72 D REERIMRIC L o T, AKFRBEEMEOPG (A B
THETHL, BEIHEA =D —2IX 0O, BUNETHRE. REIEMBINE B EEN Eha
Efébé EE=B 20 A LR E 11 HETHERSND (TRRER)., K &INBUF =

B2 o TV D KERREHE AT TEBAJE T A KR R TH %,

ENSEE S

* DaimlerChrysler

+ Ford

+ General Motors

* Honda

+ Hyundai

+ Nissan

+ Toyota

+ Volkswagen

- BP

+ Chevron

+ Shell Hydrogen

+ Ballard

+ UTC Power

- National Automotive Center

2 B BUM B
+ California Air Resources Board
+ South Coast Air Quality Management District
+ California Energy Commission
- U.S. Department of Energy
- U.S. Environmental Protection Agency

+ U.S. Department of Transportation

=g

+ Alameda-Contra Costa Transit District

+ Sunline Transit Agency

« Santa Clara Valley Transportation Authority

+ Institute of Transportation Studies, University of California, Davis
+ Air Products and Chemicals

« Proton Energy Systems



+ Praxair

+ ISE Corporation

+ Hydrogenics Corporation

+ Pacific Gas and Electric Company
+ ZTEK Corporation

52 ) T LT MEHEM/NA—bF— v TOEMA

CaFCP D& B3, %m%@m7$i?%ﬁ%ﬂ%%ﬁ¢é:kfé%bfﬁw\%@%
(2, KRR B O pH AL THFZERR S 35, F 7o, EEIZ BT 2 BEHE BT (o
FO, HIOSHTE ZMEEMBIN) 20 o LokEEZTHE ETFSEEHIC, BE
B REMAG R 2 B T 2 L CIREREEAED D, 2 2 TE O BB &I
TV — b (KREOHEEZFIAT L E VXA S0 OHE) 2. PRBHH#E iR %%<%ﬁﬁ
R EWT D, 2008 FFLUREOIRHNIT E 2R E > T2,

53 W) TAIL=TIMBHEM/NA—rF—2 v TOEE
CaFCP O LR HIFIZIRD 4 HTH %,
BV —F - TEAML—2 a3 0 O%E : CaFCP 1L, 2BIZX L, & T 300 5D
BHEME (N2 ET) OBAZENT L, 5E, vV VARRZEOFBE, W
7T A h=H%rT7 T v Aafilli T, 2007 FF TICER ST IER SR,
l%ﬂr%/x FL—va D%k : CaFCP O£ 8I1%, 7ECA ML —va VitHlia2 X
BT 272012, BB T &2 J5X 3 %,
lﬁ%k@t@@ﬁﬁ%f(hﬂmkxai Mg 2% 3 OB EE L L & SRR AR T A 5%
FANRLT T 572D, T EBKROBRE ITHHE i, i & [RIRHT, BREHEY
Ek%ﬂﬁ%%@k@@%ﬁ%ﬁi#é
| i S PRSCHE OHELE ¢ CaFCP (X, — xR & HBEREITx L, REFET
ﬁ@ﬂﬁéahﬁé & THEH ToOR ﬁ%ﬂ&%mbékk% . ERSMT I T D AR FER
B OB i B o0 B S BALRE (FFIC ﬂi%%@%éﬁ%)k%%@ﬁ%%b\%%m
WIS TIERORRER I, &R 2 It ﬁﬁé



6. UCTAERDH2N\NRDAX-T0O55 L
(Hydrogen Pathways Program)

6-1H2 /XX x4 X - TAT S L

BV T HN=T KET A EAROEGNFEFT (Institute of Transportation Studies :
ITS-Davis) W2 L TWwWb H2 27 =A X+ 712/ F . ( Hydrogen Pathways
Program ) 1%, BHEH [T IZKFRE ZW5ET 2 RFEWITE L LTI A KR KB 5 e
Db D EFON TS, ITS-Davis N EET D H2 NA TV =2 A X - T NE B
7 V=T INBUFRPE A TR, BB A — 0 — EEN =L X =KAo Hic ko
THEOLNTWVD,

CaFCP OB Tb D HBEH A =N —8 X, VU 74 /=7 I T E T 100 &L
bEoEEFEAEZESE TS, [ 8 tED BERIE, 2007 £ETIZTOHK L, NUHENS
SUV & THRIAWHFE T 300 RIZHCT 2 & Th D,

H2 XA =2 A X« a7 AOHEHFIFTROELBY Th D,

+ BP America Inc.

+ Nissan Motor Co., Ltd.

+ ConocoPhillips

+ Shell Hydrogen (US)

+ ExxonMobil

+ Toyota Motor Sales, U.S.A., Inc.

+ Department of Energy

+ American Honda Motor Company

« Air Products and Chemicals, Inc.

+ Chevron

+ U.S. Department of Transportation

+ Hyundai Motor Company

- TotalFinaEIf

+ General Motors Corporation

- Natural Resources Canada (NRCan) - Ressources naturelles Canada (RNCan)
+ Subaru

+ California Department of Transportation
+ United States Environmental Protection Agency
 Petrobras

+ Pacific Gas and Electric Company

+ Indian Oil Corporation Limited

+ Southern California Edison



7. MARAD QDI R)LX—Hfi7TAao 5 L

71 TRILF—HMTaT 5 LOME

KEOEERE O T TIE, AL OPED 2 BT 2 B3 DN S D03, W EEsIZBE LT
FHROEE T EEREZEHE (NOx) OFEHEAD 2010 7= 0 ST 2 & FHlEND, %
i (DOT) #Ed)m (Maritime Administration : MARAD) (3% 2T, #AOHEN 2 B3 L
TR D ENCHED ZMHHAT 2 B L, EAbESE LY &, =3 X—Hii 71 25 & (Energy
Technologies Program : ETP) | & &%FT5 T 2000 I A S TH LA ERITSIZE F LT
%R

Growing Marine Emissions
Santa Barbara NOx Example

764

B Marine Shipping
B Other Mobile

O On-Road Mobile
B Areawide

B Stationary Sources

1999 2005 2010 2015

Slife Courtesy of SBCAPCD NOx Tons per Day

Hi# : MARAD [Energy Technologies Program| (ZZ&EL 5)
71 1HHYONOxHHERE

F~7'v 77 LAOFERIIL, B izh#tEn b e JET 2 BHIR A FE80C & HHATOREBI 2~ 5 &
E BT, =X —BREEACBOR B M A FEF IR ESE L 2 Th D, Thilmnrd &
R3] & L TIRD 6 2038 D,
c HIRL T2 BT v L ADRER | BEFEOMAT — & & Bl ORI
BT =B s ool (diesel retrofits) : emulsified fuel, FE7K  (water injection) .
SCR. particulate traps
ABIREL © KRR A, AT 4 —EBN, KHKE, BT+ —EN



- EEERLAN ¢ BRBFEML, mEER AR - F—E
- WFZE © BepfralAmh, SR & P A RE
ERASOBENT ==XV E— Sk V=TT A b BT A
MARAD D[R 7'v 7' A CliE, KEBREN AW ZREMERM O ZEBRR IR, PEb 2R EomER:
fire U@ S TS TN S,
MARAD TiFET7'm 7T LD T, #HUF BIGHCRMOBERSE, KFELE O/ &> T A &
HI 2 FTREIC T 2 HEE S AT LAOMFFEZEF LT D, T 2 TIEZEDOEMAKGIZ R~

72 IR X—HMTOT 5L HEARFERMR)
7-2-1 YT 4 TITOKFEM

MARAD % 200249 H, SCX 7 = U —X*%: (SCX Ferries,Inc) & H[FIBHIF DI AHRE L. B

U7+ N=T NV T 0 = IO EAGE T D KR OPET A MH] > 27 A L b aE R
(NOx) D/R7 4 —~ U AEFHRDLMIEET Lz,

F~7'm Yy NCOEHSNDAKPEIRIE. MV U =X K731 /L (M/V Westfoil) &9 £4HIT,
BHOKPRE D 4 —H—Txy MEEV AT A E#HBH LTS, KX 85 7 4+ — M T, 149 ADFE
BEFELIENTED, TP UE, 4EOT baA b - T4 —ENL12v02TA TH D,

KT NF—4 (DOE) 1X, V= A b« =T =7 KEZEOB) IR TERT (Mobil Source Testing
Laboratory) O /1afElcd % 2 & TRBFEZ SR L T\ 5, [FINFEETIIHET 2 &4 HIET 2,
BRI AU, SCX 7 = U — XX ZIUCEESE Bz BT 5, TOHA. ILKEH A

(LNG) 2SHRUKHFBMROBREL L L TEE SN D, [AFFIZ, MARAD 1%, LNG ZAf > 72 /K 3A
AT S D551 LNG ORI E 2 2 R 2G5 &R 2T 5,

71221\ AF T 4 —EILEKEG R T L

MARAD %, 7k ExZi#E)R (Water Transit Authority : WTA) & B&G 7V — & (B&G Fleet), 7
AN =X« 2 P=T V7 (Walthers Engineering) ., 71V 7 /=7 K R—7 U —R & D
DT, 7TV AETHA AT 4 —EB N LMK AT 5 (Water Injection System : WIS)
ZHFEL TV D,

KGRI, PREEZE SUKE ST (combustion air water inject) & /31 47 4 —E/L? B100 & B20
T D, PREAFERTRE S & TS R O\ B URBOPEHEN D72 E IS TH D, i
Aansx=o 237 had b - 54 —EBIL12VT1L TH D,

723 =2—3—VMELZRE 7 o) —HARMGE TO T 5 L

MARAD (%, &EifRi#T (EPA) & DW/i0 T, ==2—3—7ifiLEHg (DOT) OEeHuHIC
FoT, 7=V —modi SN T AOEZIHIT 572 7T 2abla LTc, THIZ 680 I kLT
&5,

f7'0 77 5ACEET, =a—a—27 kK07 =) —%2FE L, #8EhET «—E/1 (Ultra
Low Sulfur Diesel : ULSD) ##Br L. PEV A EZHIET 22K VA, E b ZIGH LicH
firaFZBRicEm L, 2ok, e EQ, FELaHh L <, RS HEE S UL, 27 =V —I2H
M2,



7244 REMDIEX T« —EIL - TP 8uE (Large Vessel Diesel Engine Retrofit)

MARAD I, # > I —%IZUHETLHRIMOIALT  —BL - oD atiEd 5 2 L2 HEE
L., EPACu B REEE, ) 74 =7 R li#s (California Air Resources Board :
CARB) & PHROMSINAZ MG CThH 5, KM bHEH S DR b EER % 25%H L, kR
R EXENEZTH D,

7-3 M ENDTEEETSH

R IRBI LA L K D & )ik d, BREFEM CTEIC BV AT A5, MMARD R E S0
EDLERIAANT ISV 2 HEHE N AR TSR TE 23BN > TN D,

MARAD (¥ =7 « /XU —%E (Sure Power) & O/IZL > T, 2002 4F 6 HREIEM S AT A
WY =2 « NU—GMIIIETE DN E D IPDOFEREITST, a7 « NU—DY AT AL, 2
FD 200kW (Fu Uy b)) ULFREEE 7 7 A4 KA —/L (flywheel) . =F/LF 1=
MBI S D,

7oy s hTlE, v—U—V— A7 L A%E (Seaworthy Systems,Inc.) 7H353BR 714 % B
FELTWD, VEFEEEOBIH M RIX, A0 COBRBIERIZEET 5 A FEHE ORI 2 3% 1 T Tz
B, Kfiikt2 (American Bureau of Shipping : ABS) & KEXE 772 (Institute of Electrical and
Electronics Engineers : IEEE) 723D/ XD — « & 27 NZHOWTENLIUIRE L TV DHEE
HENF vy =7 MIEH S,

7-3-1 EREEABR DN
[FERBRCIX, FREo L DI T 9fE s S T,

HERES HERE R A fER
1.1 AR — 3 COEREME, 60 /0. Afir 100% ABS Gk
1.2 FL— g O, 30 401, AT 110% ABS =
1.3 A —a COEFENE, AR, (TFERED DO FA ABS (N
2.1 NVT = DLEEM, A 0—100% ABS/IEEE v
2.2 PIVT = ORTEM, At 150% ABS/IEEE =
2.3 PVT —T DEEM, At 300% ABSAEEE | RE&#
3.1 AREENC L D7 U —7 = —DHIE, ABS &
100%-0%-50%-100%

3.2 ARMEENC L D7) —7 = —DRE, IEEE Gk
0%-75%-100%-25%-0%

4.1 RFT L s FRL— g v ABS/IEEE s

7-3-2 FHERIEROME

WEERES 171

vaT NI =DYAT BRI NI =T 60 BT L0 E S DT A N ThDL, BT =Y
HEEL, N - 7Y =23 — (bus frequency) BT 0.03% (0.02 Hz) LAk L720»
27,

WEERES 12

aT c NU=DVRT ARERBINT =V EERT ) —7 = = ZB N T T AT —D



110% (352 kWe) T 30 BT 2 E 90D FT A FTh b, RILT—IHLEL, /SA - 7
—7 3 — (busfrequency) & T 0.07% (0.04Hz) LHE(bL7eh o7z,

WEERES 13

TaT s NU—=DYAT APEMARNT =V EERT V— 7 2 —IZBWTC, AMIEEIT 5
WL T CARIEE T 20 E DD DT A N THDH, ANV T =V NRR T =T —HZE L,
o= MEBNZIIRTERAE CehoT,

WERES 21

VaT e NU—DU AT LH, ERAMOHF (0~100%=0~320kw) PIZIWTERR/LT
— VD FT25%UNTIEFITEENE 9T 200DT A Thb, FNRAIL. 277 RV FEED 1RV
F (0.36%) 72o7z, ZO¥FIF. AREEO TRV (£25%) ZKIEICFEISD, £72. BRE
BHORNLT =V HLZE LT (—20F, -1.08% T, b 9 —2iF1.44%7C~>72),

BEEBRES 22

Va7 e NU—=DYVAT LR, REBRAN (EREERO 150%) TOMRENCMT A, & LIz
TV T A FR ST D ENTEEMEINDT AN TH D, 2ILENENDOREVEO ER
PNT—=UIRT L A EEBET IFFITLE LIBRET -7,

WEERES 2-3

al e NT—DYAT LN, WIERNVT—Y (480v) T2 MO EAN (EMEF v/ 27 ¢
D 300%=960 kWe) (Z&HHFFCTHIEFICENEZMAETELNEINDT AN ThD, F&HD 27
IZIIT D8R « AT =TV ORZET BT AL h THRAEK L7272,

WEERES 31

aT s NU—=DYAT LN, FEEDOBMAEBORN FTHRED 7Y —7 = =TIt TE D
ME S INDT AN Th D, (FENOARORHTHIE SIVRER, NR - 7 —7 20 v —DRK
7212 0.13% (0.08 Hz) T. 5BLIANICIZ 0.03% (0.02Hz) LINICHT RS-,

WiERES 3-2

31 LAEEDT A MR (ARTOEEBNEAENRe D) Thd, MFEEOAMORHIHIE S
FER, NR e 7V —F = —DRKRIFZEIL 06% (0.36Hz) T, 2FLINIZIE 0.08% (0.05Hz)
PINIZT R 72,

BEERES 41

VaT e NU—DYAT LD, GEFENCERARAEEH (20~100% =32~320kw) (250>
T, AWl EZE BEHROTER T —B3tDE15%) SEDHZENTELINEIDDT ART
oD, AT OLEBNIFEEA - RPN 572,

7-3-3 5

T A MERIL, 300% DA (REFEMIZO DD EF AW D 3 %) TOT A RSN TTRTEHKE
Eolz, BRRES 2-3 12OV TEAHR, 7 A FSRRITFIUTR 572200,

2002 4F- 6 HBUE, PREFERIC BT 2 A FEHHINA IS Ub S o2 503, Ehudke B OBk
BFEHUZ DWW T TH D . K ERIHOBREFEHI BT 2 Hifil ke Bl b REkEr L VNS THA D,
COFRIZEIUT, 2T - NU—DI AT ARZDOMD Y AT LERRERNIHD & Mivfam Tk
BRI IEEFEOMMHESBH  (shipboard electrical regulations) CEMEAE =T H D &b s &
famf 7,



7-4 MARAD DR #1 B ithBaFE
MARAD % 2003 4, M ek OBAF B 2 & LT DOT OKRFRIEERS
(Hydrogen Working Group) (2 FRed s a5 L T\ 5,

WKSE : RRTAEZFIAGIE T N7 > 7 THRET 5 2 & 2RO DAL, B RIRT ALk A 7%

B L, B CERDL COKFEESED Z ENNET, MOREHILE_TEIE & 725,

WREHS - ARG D3R T, BRBHTECOH iR . BD $WO Dl T HFEER L,

WA « AR L7720 ARIRITE L 720 . KBEEMIZ LT LARITIUTR 57200y,

WA 24 USCG OHIfIRe ABS OB ® VO | MELL RIS D820 H 5,

LU, MRAAOHET ABIBIIEREECE 5 H DO TIE/el, T VOB 2 W BT 52 £ T, @b
R L T EIRFE OB A D TR R IR L L T 5, MARAD [3/K3E & OBk~
=7 (Hydrogen & Fuel Cell Projects) O, BREVEMMOIFITERFIZIES LT\ D, BIfE,
MARAD 73 E5E D i S RSEIFERO 70 & A 7IZITIRD ST D D,

EEE EitRE hE
(Electrolyte) (Cell Temp) (Efficiency)

U % (Phosphoric Acid : PA) HRIK L 450 38 - 40%
A Bt PR e YT ( Molten HEZEN #HEIC 1200 & 45 - 55%
Carbonate : MC)
EIRETEER L4 (Tubular Solid ESEEN HEFG 1800 JiF 45 - 55%
Oxide : SO)
PiEEARER Y (Planar Solid EEEN #HEC 1800 /& 45 - 55%
Oxide : SO)
7u b ARZHE (Proton ESEEN #E[L 180 38 - 40%
Exchange Membrane : PEM)




Fuel Cell Review
Generic Operation

Generic Fuel Cell Operation

Output — " Electricity

Fossil
Fuel o 0. Nir
Steam

Fuel
Processor

N, + CO, + H,0
Exhaust

CO; + Hy+ H,ONS : | ———

Fuel Flow

Hy—* 2H + 2e 0, + 4H + de—> 2H,0

Hih : Maritime Hydrogen and Fuel Cell Initiatives (Z5& L 7)

72 PR EMDIRE

741 KEMT7 HT I —TOHE
MARAD 733829 2 REHERIAFFE D 11 Tl & BARRIZ2 & DVKRERT 777 X — (United States
Merchant Marine Academy : UUMMA) T3 Si1 T 5,
W7 717 =13, FAERTRET /L X — Ol 2 BRFE o T, 5kW O/KFE[E RS 70 ek
(hydrogen PEM fuel cell) + A7 ADIEAH, 10 kW & 1.4 kW O KBGER T A7 2 (photovoltaic
systems) . 1kW DRV FEELLE, KEFEEME, [EHKRITER (2400 psi) ZHFEH TH D,

7422 DZ 0 RIDPAR -EA - Tz —

Yo 7T R Aok Eas@ER (Water Transit Authority : WTA) 1%, #E7 A - ¥« 7=
— DBAFIREANZ I D A TV D, BREFEMLZ A OHEEIZISH T 2618 L THER SN TED .
B S UL, Yo7 v Ram3~ A ihHER (Treasure Island) &40 77 A=y
SR PR mEER & L CTIEH S D,

M7 ay=2 NI, BEFE (o v ) ICEREAEDES, BREFERS Ny 7 U —ICER A %
D, NuTV—NERE—F—%E) L, TNONT ORI EERRIED, &) ORNEARNE
EThHD, 250D 200kW BREFEMT VU7t R 49 NeRET2T7 ) —2FH 12 / v T
WATS D Z LN TE D,

— 7. BREHTRRIIHE ) S AT A L0 HIEARE E IR D ATREMED B D, K ENRDYE . KBS
Vos—n 127 « 77— (tank farm) | ZBERICIRO S, £ 228 HNLH 7 4 — hOFTTA



ERFETD Z EDNBESND, AUV s 77— LbDRE L2074 — X207 4 — X 3T 4—

FBWZR D,

BIOFEIE, K ETOKFBREIEMFIRICEET2HH ThHh 5, USCGIXIALE T, RKEIRAT ABREL
DEFERZRDTZ L3 D, KFPREVEMZE S 576 b RIRT ABRELE R CREFRIZ/R D Z L EE
N5, TDEDITIE, RRTAZLAKBHAZ LA, RREVINT L& MR CiEE
D Z EDFERRIBURDORIE L 72,

Zero Emission Fuel Cell Technology
For Ferrvboats

Electric Motor Propeller
Battery \ M

|Water Vapor |
[ Heat ]

it : MARAD [ENERGY TECHNOLOGIES| (E&&%} 6)
7-3 7 1) —0F AHE A R E

7-5 KBEMRM S R T LT]SER (Naval Sea Systems Command : NAVSEA)

MARAD /X 2003 4F, KigEfEfES 27 L545H (Naval Sea Systems Command : NAVSEA) ~7
4 TTIVT 4 TEEOMEEYEH 238k~ 1 25 2 (Navy Emission Test Program) (Z&01L7=, fit
RAPNTHEAT A « L AT L DBA%E % BfR L. b FEEHOMREL & 6 FEAOHED A M 25 L T 5,
fifin s A7 LBE%8)5 (Ship Systems Engineering Station) D~ U —> « =2 3 L alBRBFFEAT (Marine
Engine Test Laboratory) 738k % 50 L TV 5,

RO A T VL 2 A M —7 D 12V71 7 haA b« 7o —BAT, BBRShTnb
BB VAT NITRED E B TH D,



AR Dk

- F76 (5 ¢ —1E/1 No.2 [ZHL))

« JP-5 (HFH2ZRED

- A% (Fischer Tropsch 7 4 —1£ /L)

- T —EB BREDIEFITAIRNED)

A FT =B (REDBELNIZATIVT RS —)

RERICE DI D VAT AT E

< REMIEE S (Fuel Catalyst Additive)

« 225 A7 A (Air Humidification System)
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PR~ FREFITIL, FHOKIEESZ OO EOWE THER STV 5, %ﬁﬁ?iﬁf
WO IIHEES (integrated electric plants) Z AN CUIAR L) (28T 2555 2 fath Th 5,
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PREVEEI, VERAAC & o T, BRI OM B2 T RHET A LERFHOFARME L VS F
KB, ZNONRETEMRIA 25| E T2 LI2bR D,

Kt A SE)5 (Office of Naval Research : ONR) 1% Z AU C. Akl E A (Shipboard Service Fuel
Cell : SSFC) 7'v 77 ADF, BREVEEMZ MM 38 52 72 DI AnfiER & OMFFERHFIC TR A FLA
T&ET,

ZDO—Bg L LT, RlRIRER (Molten Carbonate : MC) & 71 |k U AZHATE (Proton Exchange
Membrane : PEM) &9 2F8 DT 1 ¥ A 7 HBAF LT\ 5, 2000 4F, WEEIL7 2=/ B0 -
T ) —%t (FuelCell Energy, Inc.) 723BH%& L7 MC #AEIEMZEHT 5 Z L 2T\ 5, PEM
IREFELO ST TIE, MBI ToAFZEIZ I3 > TURLY,

MC BREFEHOBFIZY - Tlid, JIMA (Johnd. McMullen Associates, Inc.) &Kk=2—A FH— R
R % — (USCGC) & DT, MC BEFEMICKE L e AifH 2 v BEa—X « 2R
T LROZEDIZDODA B —7 = A ADRF L DT,  FEFMEbhZDiX, 23— MT—FD
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Ship Serv.

S&T Demonstration / Accomplishment

Fuel Cell Stacks 4 DCIAC Power Conditioner

Anode Exhaust Regenerator Control Console

Electrolyzer

Zn0 Reactor Fin Tube Exchanger Assembly

Prereformer
HD'S Reactor

FuelCell Energy 625kW 450V, 3¢, 60 HZ, MC SSFC Power System

PHASEI: Complete FY00 PHASE II:
= 2.5 MW SSFC Conceptual Design = 625kW SSFC module detailed design
= Sub-scale risk reduction demonstrations = 625kW SSFC module fabrication
= Cell salt air tolerance = Factory testing
= NATQ F-76 diesel fuel reforming * Dynamic simulation model
= Fuel contaminant removal and cell sensitivity (sulfur) = IPS program transition planned — ship impact/cost studies
= Cell shock and vibration underway
= Analytical model = LABEVAL (FY04)
= Marine/Navy market surveys
PHASE ITI:
= At-Sea demonstration (FY05)

Hi#t : U.S. Navy Shipboard Fuel Cell Program (% &¥}10)

X 81 RARRHENENEE

Ship Ser

Program Timeline/Transition

Introduction

Ps | | - - - I
Transition i Design, Fabrication, Operation and Testing of Full
i i Scale Ship Service Fuel Cell
Full Scale 7Y y -
Dresign, Fabrication, and
ONR/NAVSEA! Testing of HPFC
[ D i Demonstrator
i " I
Technology | !
Development | i Legend
H m P i
ONR Apl]]l(‘d High Performance Fuel Cell Program
Research {Adv. Reform, FC Hybrid Model, Sulfur Tolerance, High Temp FC Marinization)

Hi#i : U.S. Navy Shipboard Fuel Cell Program (Z%&%&¥+10)
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Navy Shipboard Fuel Cell Program

EMISSION COMPARISON
(gm/HP Hr @ 100% Power)

Cco NO SOX

-4 r 4

ssFc DDG51 AOEES ssFrc DDG51 AOE6 | ggrc DDG51 AOEE6
GTG SsSDG GTG SsDG GTG S5SDG

High . U.S. Navy Shipboard Fuel Cell Program (Z5%&%} 10)
83 BEBMENRA—EL. TA—ELIUD EDBEH R

/ Gas Turbines Coal/Steam

 Microturbines

Navy Shipboarc
COMPARISON OF EFFICIENCIES FOR
ELECTRIC POWER PLANTS
80
Fuel Cell/Turbine Hybrid
70 g /
g 60 High-Temp Fuel Cell
% 5 30 |
?-‘r E 40 I Low-Temp Fuel Cell Diesel Engines
g
=

| | | |
0.01 0.1 1 10 100 1000

SYSTEM SIZE (MW)

L : Fuel Cells on the High Seas (5% ¥} 12)
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Navy Shipboard Fue | Pt
Annual Fuel Consumption
(3,000 Operating Hours)

Giﬁiﬁi(im(}'fi{icidi 641,465 Gallons

DDGS51 Gas Turbine
Generator Set

$628.636

AOEG®6 Diesel

Ci(]'ﬁif}'fi{,i{i 321,703 Gallons

$315,268

Generator Set

Ship Service 214,315 Gallons
Fuel Cell

mq $210,028
/

G' = 50.000 gallons: ($.98/gallon)

Hi#t : U.S. Navy Shipboard Fuel Cell Program (Z%&&%#}112)
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82 7aT)Ltz)L - TFHI—LIBEDEY

7 ax)bL - U —F 2003 R, KM & OF 2 WIS A S L, KUEEATREE L
MM~ = 77 2(U.S. Navy Marine Fuel Cell Technology Verification-Trainer Program)?® %, & |
RO BRI OBRFE IS | E e SINT 5 2 & kO To, BafnmlT OB R TRAF
DT 2m)b)b » mFU—(E, [RIZSK THEH 95 77 4,000 RV Z2321T B,

77 7 Z LD BENZITIRD =HDOHFINE £,

B — B VRE T 2 EERENE (Direct Fuel Cell : DFC) ZBA%E L., Rz &y

FEARIZHLD 1T %
WRELEEH DFC300A FEZEE OEMEZ ERT 5
B~ U — REFERIC B D D0 A A 12 & 23

A7 77 A%, ONR 2NEHT 204 260 & RVOMERFGHET, 72/t « =) v—
L DOTHNTZDO—ETH D, 2000 FAZHANTFER L T-RFD T HARNEHIT 460 J7 KAV T2 o7z, ZOHF
ZEBHFERHIEIL 2003 DKL E 2 W A>T D, [R7'8 7T MBI D2 OMOMARIT, A
A VRFE AL L MEET 17 2 — (Maine Maritime Academy) CTd 5, W& 1L, fAAREE NS
BREE DA CHRTE e <HERET 20 & ) e fed 3 D &E 2 Be-,

83 73T/t - TFHT—LDFHEH
ONR X 51, 20064E 8 H., 72T /Lb)L « = FU— L HT- 72380 kit U, SaRskElET



(shlp service fuel cell : SSFC) J¢/EHEE (power plant) DfE E7E A hL— g & kLD
£ CUIARR) BB v b & A TOBGEHREFINAE T, THRIZ 260 57 FLTho, ZORK
DOHEHINE, EhRpElE I 2> T, [T v 7« "7 /L « /XU — (ship hotel power) | & FETHL
DIEEY AT DO AR ESEDH T EThDH, REOBEMIEHTES L), a2k -
T U—x, BAETEA¥ L7z DFC (Direct Fuel Cell) J§EIEE 2 EHRMREL (7 4 —EBA0Y
= v MREH CTbhEiK LoduEl Tna,

HRIARBREH L, IRNETRRIZ & > CTIIFEFITMER]7Z23, DFC FEEEEE Cff 5 el bifit (iss 230 bR
<) LRTNIZR BN WS RENRH D, 72/l « ZFTU—32 2T, RIRRED HHE
ZHY) BREIEAIRE 2 A X 2 o HARITERT D &) — O E v — A L AT D ALBREEE 4B
F LT, TOIEBTHAESNIAZ T ATRBFEMFEZE OBREL L LT, FH R
ORI S AT L Th D,

DFC ZFEAEE I I I IT DR EIE & U CIIEER AR Th ) RO 288
BIEM Y AT AL > TRERAETHH D, DFC REEE T, MBS TR EI T DM E L

TEbo & b7 U= TODfNEEE Th D,

Hist : http//www.fce.com/site/products/about.html

7 2L - 2P P—E RS, WE T 1R RIS Ko THRALKEN HAKE AT D EE 7
TEEFRFE L TWD, ZOFETREEMO T TR b EWEXIEEEL T 250 THDH, Z0H
BAEE LRI THERE T A AR (Ship Service Fuel Cell : SSFC) 1%, DFC »3gEDOBREC
BN CX 5 X5, 20N E T 5 b D TH D I E TOIRIC L T SSFC 3 ¥HET 5 =
CIHHFFEACTE 72, £ 2C, R SSFC 1L, HEEOMEMIZ S ATREZR ITIRE & Widsh & FE8
THRE S 2t ZRORETH S,

A7 ay=r ME, AHT » MEROMMREIEMFEEILE AT L. RO H T2 &%
H¥E9 ONR IZ L AR DB TH D, 7 ax/b)L « =FP—F3 T, AT 2—mic
WL b 7 2 BRI RGN 0 DR & BRT A U ESET LN 5, BARNZRIEET X2 v Th
y MNZ N —TOERPPEX TBY . Z0%, ERHE 27 L55% (Naval Sea Systems
Command : NAVSEA) O 7 4 7 /V7 ¢ TEBRIZEDIL, & 2T, MAABEHFEERN M S 55T
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Figure 1. SSFC POWER PLANT PROCESS FLOW DIAGRAM (SIMPLIFIED)
Each Module is Fully Autonomous
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Figure 2. SSFC EFFICIENCY COMPARED TO A GAS TURBINE
S5SFC Peak Efficiency Exceeds 50%

fHi#t : DIRECT CARBONATE FUEL CELL FOR SHIP SERVICE APPLICATION (Z#&##}9)
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ONR I, =3 iE 4 RIS 2 Jriz 2R 55 < HEHE S A 7 K & 4158 L T %, ONR
DMFFEFR DT ¢ —B VB AT ML, HEAE 2 A - T, BEFEO R332 /KB BRE O R PR
HBITIEATE D LW RN H D E IR S5,

ONR TlE 2004 FHIE, 500 kW (FuU > ) OF 4 —B/VREE#EEZ FRPCTh 5, £D
oMb, PEM BREVEM & R H 5, T 4 —B/VREHT, MENEEN VL0 EREE
FEEBIEE A OTE N NEETZ 0, BRI K o TRBHE AR R L, i bk B 2 kiigh & X
JEEED LT ORI S UTKE L Sl CE 5, [FFEBRIT, =% ¥—4 (DOE) O
TARR « T —NVAELT =T Y o 7 &BREFFEHT Tl T A,

8-5 KT RILF—HMTARATIZ &1+ DR

WETIIE, =xF—E (DOE) DX/ F—Hiiih7eET (National Energy Technology
Laboratory : NETL) & Oz k- T, BRBFER & RIRT A Z1EH LEET 2 &0 IEZ B L T
W%, NETL 3, DOE 34K TEE S 156 » froENATET O —>TH Y, DOE (2 L 28RKHE
HAFZERRTEIZ & > TIRAROFZEERUH T TH H 5, NETLIZIEL, RARH AR 7 — (Strategic
Center for Natural Gas : SCNG) &9 EENH Y, ONRX NAVSEA, USCG & /7 LT, fiffif
TOBREFEMM A2 L T\ D,

BIE, MRS VT 5 7 RRELZIE, U VB EREHRL (Phosphoric acid fuel cell : PAFC)
TARREATE TRV SR (Molten carbonate fuel cell : MCFC) | [E{AER Lkl ML (Solid oxide fuel
cell : SOFC) . #fnfARkEIEM (Ship Service Fuel Cell : SSFC), /~1 7' U v KD 5 FEENH 5,

DOE/NETL Products Availability

Fuel Cells and Hybrids
$4,250 R&D Prototype R&D Prototype R&D Prototype
m 200 kW (modular 250 kW, 47% 100 KW, 45% 25 KW, 57%
pow | toapprox. 1.2 MW} | pemo/Test DemoiTest : Demo/Test
40%, Commerg oy .
2001 | =
ZIIH _ oNS)
Est. $3,000 Est. $3,000 $1,000 $3,000
2003 250 kW to 1 MW | 250 kW to 1 MW 5 kW Module 250 kW to 1 MW, 60%
47%, Prototype | 47%, Prototype Prototype Demo/Test
| i _ﬂ = $800
2005 = ] Truck AP
2007 - - _
i Est. $1,500 Est. $1,500 $400 $1,300
2008 <3MwW <3mMw Lux. Vehicle APU, | 3 MW, 74%
| Commercial Commercial Commercial Commercial
: : Strategic Center for Narural Gas

Hi# : Next Generation Marine Vessels Fuel Cells and Gas Turbines
(www.marad.dot.gov/INMREC/conferences_workshops/jan%2029-30%202002/hooie.pdf)
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WEEPHZEL TOBNA 7Yy RHEES AT AT, TA - X —E o LREEMA 5 2 & T,
BREBSEOM L& BIE T O TH 5, BREFEMIZT O3V —30513 60% 03 57223, HA - &
— B EDIFAICLE S TT0%ETHI & BIF 25 Z ERAREE HIFF SN D, F7o, DT AT AT~
D& BbER L RALKBOPET AR VIR, ZXAF—ZFERRNENVIFLELH D,



SEEH

Progress Report: 2005 Annual Progress Report INTRODUCTION

Progress Report: 2005 Annual Progress Report Basic Research
Hydrogen Cost: DOE Hydrogen Program Record

Demand: Hydrogen Demand in 2040 for FCVs

MARAD ET Program: Maritime Administration Energy Technologies Program
ETpdfFall02: ENERGY TECHNOLOGIES

MARAD_toDOT: Maritime Hydrogen and Fuel Cell Initiatives
FUELCELLTODAY: Fuel Cells and Marine Applications

DCFC: DIRECT CARBONATE FUEL CELL FOR SHIP SERVICE APPLICATION

10. SFCProgram: U.S. Navy Shipboard Fuel Cell Program

© 00 N O O B~ W DN~

11. marine_app: Marine Application of Fuel Cells

12. future: Future for Fuel Cells on the High Seas?

o IH4 b

KENCI T D ARFERELEALD 7= D BEZRHAMBFIZEET 515 &

1. =X —H T ENIAFZERT (The National Energy Technology Laboratory :
NETL)

http://www. netl. doe. gov/KeyIssues/hydrogen_economy. html

2. [E] 3§ (E/The Environmental Magazine)

http://www. emagazine. com/view/?171

3. kT x/F¥—4 (U.S. Department of Energy : DOE)
IbABREHR (Fossil Energy Office)
http://www. fossil. energy. gov/programs/fuels/

i x X —F5fm (0ffice of Basic Energy Sciences)

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



4. ko x2 VX —EF T3 ENLHFGEFT (Argonne National Laboratory .
Transportation Technology R&D Center)
http://www. transportation. anl. gov/pdfs/TA/299. pdf

PREVEEHICBI 2 7 o o BUEDE) X

1. "YU A b~ A (White House)

http://www. whitehouse. gov/news/releases/2003/01/20030128-14. html
—f%##E (State of the Union)

http://www. whitehouse. gov/news/releases/2003/01/20030128-19. html
IFEBREL (Hydrogen Fuel: A Clean and Secure Energy Future)
http://www. whitehouse. gov/news/releases/2003/01/20030130-20. html

2. kTR X¥—4 (U.S. Department of Energy)

b EHE (Fossil Energy Office)

http://www. fe. doe. gov/programs/fuels/index. html

K#FZEZ7 1 7F A (Hydrogen Program)

http://www. hydrogen. energy. gov/annual_progress05. html

http://www. hydrogen. energy. gov/h2a_analysis. html

TV —HF A h—BIXOHEEHN 2 7 Z A (The FreedomCAR and Vehicle
Technologies Program)

http://wwwl. eere. energy. gov/vehiclesandfuels/

3. KB - HileE#% (The National Science and Technology Council =NSTC)
http://www. hydrogen. gov/

4. KFBl#Pt (National Academy of Sciences)
http://www. nap. edu/books/0309097304/html

5. KERFEREX— bF—3 7 (The International Partnership for the

Hydrogen Economy)
http://www. iphe. net/



6. 7a—F v — =AY (FutureGen Alliance)

http://www. futuregenalliance. org/

H YV 7 )V=T D The California Fuel Cell Partnership (CaFCP)

1. U 74 /L=7TJN®D The California Fuel Cell Partnership (CaFCP)

) 7 F =T REFEMM N— b —3 > 7 (The California Fuel Cell
Partnership)

http://www. fuelcellpartnership. org/

UC 5 A B A D H2 Pathways Program
1. UCT A B AD H2 Pathways Program
BV T FIV=T KRFET A EAKREGAATZEFT (Institute of Transportation

Studies University of California, Davis)

http://hydrogen. its. ucdavis. edu/

MARAD D= F )V — il 70 7 I

L KIEEAEFE S (Maritime Administration : MARAD)

https://www. marad. dot. gov/NMREC/energy_technologies/images/ETNo2Fal120
02. htm

https://marad. dot. gov/NMREC/energy_technologies/images/ETpdfFall02. pdf
https://www. marad. dot. gov/NMREC/energy_technologies/images/MARAD%20ET%
20Program. pdf

https://www. marad. dot. gov/NMREC/conferences_workshops/ jan%2029-30%2020
02/house. pdf

https://www. marad. dot. gov/NMREC/energy_technologies/images/Hydrogen%20
Fuel%20Cel1%20for%20Marine%200ps. pdf

7 ax )Lkl - oF U — LFEOEL
1. 7a=x=)Lt) .+« =} —% (FuelCell Energy, Inc.)

https://www. fce. com/downloads/marine_app. pdf

2. vU—y -1 (MARINE LOG)



http://www. marinelog. com/DOCS/NEWSMMITI/MMIIIOct02¢c. html

7 a2k s 2 FU— L O
1. 7a=x)Lk)L . =} —% (FuelCell Energy, Inc.)

http://www. corporate—ir. net/ireye/ir_site. zhtml?ticker=FCEL&script=412
&layout=06&item 1d=896271

2. K[EPFHFE (Department of Defense : DoD)
http://dodfuelcell. cecer. army. mil/pr_071106. html

U — B 2 REH R

. TRALF—EFDOKT R )LF—HINWFZEFT (National Energy Technology
Laboratory : NETL)

http://www. netl. doe. gov/publications/proceedings/99/99fuelcell/fc2-3.p
df

WEE U Y —F T L DR W D AF5E
1. K= (Navy)
http://www. news. navy. mil/search/display. asp?story_id=12221

K v X —H AT
1. KEPA (Department of Defense : DoD)
http://dodfuelcell. cecer. army. mil/phosphoric. html

http://dodfuelcell. cecer. army. mil/solidoxide. html
2. Kifp#E (Navy)

http://www. dt. navy. mil/pao/excerpts%20pages/2001/FuelCell4_01. html
http://www. onr. navy. mil/media/article. asp?ID=65



W
A
Iy
vl

1. Progress Report: 2005 Annual Progress Report

INTRODUCTION



DOE Hydrogen Program

FY 2005 Progress Report

I. INTRODUCTION

In cooperation with industry, academia, national
laboratories, and other government agencies, the Department
of Energy’s Hydrogen Program is advancing the state of
hydrogen and fuel cell technologies in support of the
President’s Hydrogen Fuel Initiative. The initiative seeks to
develop hydrogen, fuel cell, and infrastructure technologies
needed to make it practical and cost-effective for Americans
to choose to use fuel cell vehicles by 2020. Significant
progress was made in fiscal year 2005 toward that goal.

Congress Clears Path for Hvdrogen

In 2005, Congress demonstrated overwhelming support
for the hydrogen economy through several activities.

Energy Policy Act of 2005. EPAct 05 was signed into
law by President Bush on August 8, 2005. Title VIII, the
Spark M. Matsunaga Hydrogen Act of 2005, focuses on
hydrogen and indicates the strong support of Congress for
research, development, demonstration, education, and codes
and standards for hydrogen and fuel cell technologies. Title
VIII authorizes $3.28 billion for research and development,
demonstrations, and studies over five fiscal years aimed at
getting hydrogen-powered automobiles on the road by 2020.
In addition, numerous other titles call for hydrogen and fuel-
cell related tax and market incentives, new studies,
collaboration with alternate fuels and renewable energy
programs, and broadened demonstrations. The timeline
established by Congress matches perfectly with the
milestones established by the Department in the Hydrogen
Posture Plan published in February 2004 in support of the
President’s Initiative.

House Caucus. The House of Representatives launched a
Hydrogen and Fuel Cell Caucus on June 28, 2005 with an
“End Dependence Day” kick-off in Washington, D.C. The
Caucus, co-chaired by U.S. Representatives Charles Dent,
Bob Inglis, John Larson and Albert Wynn, is a bipartisan
group of House members and industry participants dedicated
to promoting hydrogen as an alternative to petroleum-based
fuels. The Hydrogen and Fuel Cell Caucus plans to support
the President’s Hydrogen Fuel Initiative and other hydrogen-
related activities. The Senate has a similar organization, the
Senate Hydrogen and Fuel Cell Caucus, which is co-chaired
by Senators Byron Dorgan and Lindsey Graham.

President Bush participates in refueling of GM’s fuel cell
vehicle at Shell’s hydrogen station in Washington, DC, on
May 25, 2005. During this visit, Under Secretary of Energy
David K. Garman updated President Bush on progress
under the Hydrogen Initiative. President Bush also received
technology updates from BP, Chevron, DaimlerChrysler,
Ford, GM, Hyundai, and Shell senior managers.

Accompanied by Congressional leaders and Energy
Secretary Samuel Bodman in Albuquerque, New Mexico,
President Bush signs the Energy Policy Act of 2005 into law.

CHyydrooen &t el g

e =M

The House Hydrogen & Fuel Cell Caucus Kicked Off on
June 28, 2005
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Appropriations. In past years, Congress funded fuel cell and fossil-related hydrogen research through the
Interior and Related Agencies Appropriations Act, while basic science and renewable and nuclear-related
hydrogen research was funded through the Energy and Water Development (EWD) Appropriations Act.
Beginning in FY 2006, Congress will fund all DOE hydrogen activities through the EWD appropriations.

For FY 2005, Congress appropriated $224.7 million for the President’s Hydrogen Fuel Initiative compared
to the FY 2004 appropriation of $155.8 million. For FY 2006, President Bush requested $259.5 million
(appropriations yet to be finalized as of publication date). These numbers include support for hydrogen and
polymer fuel cell R&D across four DOE offices — Energy Efficiency and Renewable Energy; Fossil Energy;
Nuclear Energy, Science and Technology; and Science — and the Department of Transportation.

International Partnership for the Hyvdrogen Economy (IPHE) Endorses Ten Hyvdrogen Projects

Led by Under Secretary of Energy David K.
Garman, the 16-member IPHE Steering Committee
met in Kyoto, Japan, on September 14 and 15, 2005, * Hydrogen Delivery Using Natural Gas Pipelines
and endorsed ten collaborative hydrogen and fuel cell * Solar Driven High Temperature Thermochemical

. . Production of Hydrogen
rAe(S:E2;3?62?2%2})5::22gﬁiierrg;r;ﬁ:EQ?T%re?jZ?fons *  Reversible Solid State Hydrogen Storage for Fuel Cell
y >

IPHE Projects to Advance Hydrogen Economy

Power Supply System
have the potential to significantly advance the move +  Advanced Membranes
towards a hydrogen economy.” +  Fuel Cell Testing, Safety and Quality Assurance
(FCTES®)
All projects are collaborative in nature with *  Application of Gradient Porous Composite MEAs for

Different Types of Fuel Cells
*  HyWays - The Development and Detailed Evaluation
of a Harmonised “European Hydrogen Energy

multiple IPHE members as sponsors. Results and
lessons learned from the projects will be disseminated

to all IPHE members and will be made available to the Roadmap”

public. These selections are the first IPHE recognition +  HySafe — Safety of Hydrogen as an Energy Carrier
provided to collaborative research projects on Solar Hydrogen From Reforming Of Methane
hydrogen and fuel cell development. Detailed *  Clean Urban Transport For Europe - Ecological City

TranspOrt System (CUTE - ECTOS)

information is available on the IPHE website
(www.iphe.net).

Hydrogen Federal Advisory Committee and Interagency Task Force Being Established

The Energy Policy Act of 2005 authorized establishment of
a Hydrogen and Fuel Cell Technical Advisory Committee
(HTAC), a follow-on to the Hydrogen Technical Advisory Panel
authorized by the Hydrogen Future Act of 1996. This Federal
Advisory Committee will be comprised of 12 to 25 expert
members from domestic industry, academia, professional Hydrogen.gov
societies, government agencies, Federal laboratories, previous
advisory panels, as well as financial, environmental, and other
appropriate organizations. The Committee will review and
make recommendations to the Secretary on (1) the
implementation of programs and activities under Title VIII,
Hydrogen, of the Act; (2) the safety, economical, and
environmental consequences of technologies for the production,
distribution, delivery, storage, or use of hydrogen energy and fuel cells; and (3) the Secretary’s plan to conduct
the programs under Title VIII. The HTAC member selection process and initial meeting will take place in FY
2006.
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At the Federal government level, inter-department/agency cooperation is also critical to the success of the
President’s Hydrogen Fuel Initiative. Shortly after the President's announcement in early 2003, the White
House Office of Science and Technology Policy established the interagency Hydrogen Research and
Development Task Force. The Task Force serves as the key mechanism for collaboration among the eight
Federal agencies that fund hydrogen-related research and development. It developed a web site
(www.hydrogen.gov) to widely communicate the goals of the President's Hydrogen Fuel Initiative and
encourage greater collaboration and sharing of information on hydrogen technology development activities.
The Energy Policy Act of 2005 also underscored the need for interagency collaboration at the federal level by
requiring the President to establish a Hydrogen and Fuel Cell Technical Task Force chaired by the Secretary of
Energy with representatives from other departments and agencies with hydrogen and fuel cell programs. The
act defines numerous planning and execution activities for this task force, all tied to ensuring efficiency in use

of taxpayer resources.

National Research Council Reviews FreedomCAR and Fuel Partnership

The DOE engaged the National Academies to
review and report on the FreedomCAR and Fuel
Partnership, a collaborative effort among the DOE,
USCAR (Ford, Chrysler, and General Motors), and five
major energy companies (BP, Chevron,
ConocoPhillips, ExxonMobil, and Shell). The
Partnership seeks to develop advanced vehicle and
fueling infrastructure technologies to reduce our
Nation’s dependence on imported oil and minimize
harmful emissions without sacrificing freedom of
mobility and freedom of vehicle choice. In August
2005, the National Academies’ National Research
Council (NRC) press release reported that “the
Partnership is well-planned and identifies all major
hurdles the program will face,” and acknowledged the
significant progress already made by the Partnership
toward overcoming the many technical barriers. The
press release quoted Craig Marks, chair of the NRC
review committee and retired Vice President for
Technology and Productivity at Allied Signal, Inc., as
follows: “The goals of this program are extremely
challenging and success is uncertain, but it could have
an enormous beneficial impact on energy security and
the U.S. economy. Although it is still too early to

REVIEW OF THE RESEARCH PROGRAM
OF THE
FREEDOMCAR AND FUEL PARTNERSHIP

First Report
2005

Committee on Review of the FreedomCAR and Fuel Research Program

Board on Energy and Environmental Systems
Division on Engineering and Physical Sciences
Transportation Research Board

NATIONAL RESEARCH COUNCIL
OF THE NATIONAL ACADEMIES

THE NATIONAL ACADEMIES PRESS
Washington, D.C.
www.nap.edu

speculate whether the program will achieve its long-term vision, it is making significant headway.”

The report (available at http://www.nap.edu/books/0309097304/html/) stated that hydrogen storage in

vehicles is the program’s most difficult long-term challenge. Other areas with key findings and
recommendations included safety, codes and standards, systems analysis, environmental effects, and public
awareness. This report followed approximately 18 months behind the NRC February 2004 release entitled
“The Hydrogen Economy: Opportunities, Costs, Barriers, and R&D Needs.” Together, these two important
independent assessments of the nation’s hydrogen program have provided critical inputs to the strategy and
planning for the next decade of hydrogen, fuel cell, and vehicle research and development.
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Hvdrogen Research Cost Target Revised to Be Energy Resource Independent and Competitive
with Future Technologies

The research target for hydrogen Hyd rogen Cost Goal Model
production cost has been changed (Equivalont &/l for consumen)

based on anticipated future £10.00 ;
technologies including projected @ $0.00 Ratio of fuel cell vehicle fuel economy P
- L . S $8.00 to gasoline ICE fuel economy - 2.4 /
gasohne' prices and rela‘qve fuel ' 3 s7.00 =
economies of future vehicles which 3 600 =
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hydrogen fuel cell vehicle. The new g s3.00
: T s200 Ratio of fuel cell vehicle fuel economy
>
methOdOIOgy pr0V1ded a hydrogen T s1.00 to gasoline hybrid fuel economy - 1.66
research cost of $2.00-3.00/gge $0.00
(delivered, untaxed, 20058, by 2015), 0 0.5 1Q.29) 1.5 2 25 3 3.5 4
. o« . Gasoline Pri d), Sigal.
which is independent of the feedstock Rots Fres (mmec ¥ee
or delivery pathway used to produce ElA projected gasoline price in The fuel economy ratios are from the 2004
2015 based on HIGH "A" case NRC report on the Hydrogen Economy, p. 26

and distribute hydrogen.

The upper boundary is based on the expected ratio between fuel cell vehicle and evolved gasoline internal
combustion engine vehicle fuel economies in 2015, and represents a threshold cost to be used to screen or
eliminate pathway options that cannot demonstrate an ability to meet the research goal. The lower boundary is
based on the expected ratio between fuel cell vehicle and gasoline hybrid-electric vehicle fuel economies in
2015, and defines a lower hydrogen research cost goal to be used to prioritize projects for resource allocation.
The hydrogen goals at both boundaries were then calculated using gasoline prices projected by the Energy
Information Administration (EIA) for the year 2015, expressed in 2005 U.S. dollars. In the EIA High A case
selected, the U.S. economy is more vulnerable to limited oil supplies from foreign sources due to the increasing
world and U.S. oil demand, resulting in higher oil prices.

The hydrogen cost goal may be changed in the future if warranted by changes in vehicle system energy
efficiency characteristics and/or gasoline price projections.

Program Continues to Reduce High-Volume Fuel Cell Cost Projections

For hydrogen vehicles to be cost competitive with Fuel Cell System Cost - 80 kW Direct H,
other technology vehicles, it is critical that the high- (110 $/kW, net power)
volume production cost of fuel cells be competitive H, Blowerand
with that of other power systems on a net power basis. Ejector Séilcsg}lsalzfus{
Therefore, achieving the DOE and FreedomCAR and 4% Piping)
Fuel Partnership $30/kW cost goal by 2015 is one of the %}fg%ﬁ%‘g 6% Assembly
most critical technical targets of the DOE Hydrogen 4%
Program.

Enthalpy Wheel

In the early 1990s, DOE estimated that the high- Hu“;{,g)‘ﬁer
volume (500,000 units per year) fuel cell cost was
approximately $3,000/kW, i.e., two orders of magnitude CEM and Air
above our goal. Over the last 15 years, through private Filtration Stack
and taxpayer investment in research, fuel cell costs have 13% 63%
steadily decreased. Analysis by TIAX LLC shows that 1x. oolant
we are now approaching a high-volume cost of Pumps, and Fan
$110/kW (bettering the 2005 target of $125/kW) and 4%

continuing to make steady progress toward $30/kW. In  Courtesy of TIAX LLC
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FY 2006, DOE will commission and independent peer review of the assumptions and methodology used in this
analysis to determine whether the result is valid. Although progress has been substantial, further cost
reductions are becoming increasingly challenging as we try to achieve $45/kW by 2010 on the way to the 2015
goal.

Manufacturing R&D for the Hydrogen Economy in Planning Stage

In early 2005, under the sponsorship of the
Manufacturing Interagency Working Group (IWG) of
the Committee on Technology, National Science and
Technology Council (NSTC), an effort began to focus
our nation’s manufacturing research and development
(R&D) on three priority areas: Manufacturing for the
Hydrogen Economy, Nanomanufacturing, and
Intelligent and Integrated Manufacturing Systems.
DOE has taken the lead on the first of these, and the
DOE Hydrogen Program has assumed responsibility
within the Department to plan this effort.

The Hydrogen Fuel Initiative focuses on
researching, developing, and validating critical
hydrogen and fuel cell technologies. As industry
prepares for its commercialization decisions on these
technologies around 2015, it is crucial that manufacturing processes be developed concurrently to (1) reduce
the costs of hydrogen systems to levels competitive with petroleum-based systems, and (2) build the necessary
manufacturing infrastructure and supplier base to support the hydrogen economy. In July 2005, DOE began
planning by holding a “Workshop on Manufacturing R&D for the Hydrogen Economy.” Participants from
industry, government, national laboratories, and academia reviewed the current state of R&D and identified
manufacturing R&D needs for systems that produce, deliver, store, and use (e.g., fuel cells) hydrogen. The
findings of this workshop will be used to prepare an R&D roadmap for release by January 2006.

Courtesy of Ballard Power Systems

Hydrogen Program Gains Momentum with New Projects

The breadth and depth of research, development, and demonstration activities within the DOE Hydrogen
Program were significantly enhanced during FY 2004 and 2005 with the initiation of new competitively
selected projects totaling approximately $510 million ($755 million with private cost share), subject to
appropriations. These projects will work to overcome critical technology barriers and to bring hydrogen and
fuel cell technology from the laboratory to the showroom. New projects span the following technology areas:

» Basic Science: Selected 70 projects ($64 million over three years) in basic research to address the
fundamental science underpinning hydrogen production, storage, and end use.

* Hydrogen Production and Delivery: Began funding 65 new hydrogen production and delivery projects
($107 million over four years) in 2005, covering renewable, nuclear, and coal-based hydrogen production
and delivery technologies.

» Hydrogen Storage: Initiated a National Hydrogen Storage Project ($150 million over five years) that
includes three Centers of Excellence, over 20 independent projects addressing applied research, and
incorporating new basic research projects.

» Fuel Cells: Initiated five projects that address critical fuel cell cost and durability issues for transportation,
consumer electronics, and other applications ($13 million over three years).
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» Technology Validation: Established a national vehicle and infrastructure “learning demonstration” project
($170 million for four teams over six years) to measure progress and help guide research and development.

*  Education: Created three Hydrogen Technology Learning Centers, held pilot “Hydrogen 101” Workshops
for state and local governments in six states, and launched middle school and high school curricula and
teacher professional development programs ($5 million over five years).

Basic Research Addresses the Program’s Kev Technical Challenges

The Basic Energy Sciences (BES) office within the DOE Office of Science is a
critical member of the DOE Hydrogen Program team, providing fundamental research
in the most technically challenging areas facing the Program. This basic work
M complements the applied research and development projects conducted by the Offices

. of Energy Efficiency and Renewable Energy; Fossil Energy; and Nuclear Energy,
Science and Technology. In May 2005, Secretary of Energy Samuel W. Bodman
announced the selection of over $64 million in BES research projects addressing
hydrogen and fuel cell technologies in the following five areas:

» Novel Materials for Hydrogen Storage

*  Membranes for Separation, Purification, and Ion Transport
» Catalyst Design at the Nanoscale

* Solar Hydrogen Production

* Bio-inspired Materials and Processes

These five technical focus areas were identified during DOE’s May 2004 workshop sponsored by BES on
“Basic Research Needs for the Hydrogen Economy.” The 2005 awards include over 50 preeminent research
organizations in 25 states, and typically are funded for three years. A more detailed description of the research
as well as listings of the projects awarded in each of the five categories is found in Section II of this report.

Hydrogen-from-Coal Projects Awarded by the Office of Fossil Energy

In FY 2005 the Office of Fossil Energy announced the award of 32 clean coal research projects to advance
President Bush's goal to develop a coal-fired zero emissions power plant. This initiative will also advance
other energy-related policy initiatives in hydrogen and climate, including the FutureGen zero-emissions power
plant of the future. Secretary Bodman stated, “Coal is our most abundant fuel resource. It's important that we
find ways to use it in a cleaner, more efficient way in order to provide the energy needed to continue our
economic growth and job creation. All of these projects are an investment in our Nation's energy and
economic security, present and future.” Among the objectives of the research specifically related to hydrogen
and fuel cells are (1) improved and new methods of producing pure hydrogen in coal gasification, and
(2) hydrogen handling and safe storage.

Projects Awarded for Nuclear Hydrogen Research in FY 2005

The nuclear hydrogen initiative focuses primarily on hydrogen production technologies that utilize high-
temperature nuclear reactors to produce hydrogen. In support of the DOE Hydrogen Program, this initiative
within the Office of Nuclear Energy, Science and Technology awarded three projects during FY 2005 related to
the production of hydrogen via high-temperature processes (thermochemical and high-temperature
electrolysis). These awards were to (1) Clemson University for “The Sulfur-lodine Cycle: Process Analysis
and Design Using Comprehensive Phase Equilibrium Measurements and Modeling,” (2) Johns Hopkins
University for “Silicon Carbide Ceramics for Compact Heat Exchangers,” and (3) University of Wisconsin for
“Salt Heat Transport Loop: Materials Corrosion and Heat Transfer Phenomena.” This important research
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paves the way for demonstration of large-scale, emission-free production of hydrogen with nuclear energy, and
eventually integrating a hydrogen production demonstration with a Generation I'V nuclear reactor.

Learning Demonstration Kicks into High Gear in 2005

The National Hydrogen Learning Demonstration
commenced this year with a kick-off event at the National
Hydrogen Association Annual Hydrogen Conference 2005 in
Washington, D.C. Over the course of five years the four
selected teams will work to assess the status of hydrogen
infrastructure and fuel cell vehicle technology against time-
phased, performance-based targets. Everything from fuel cell
durability and efficiency to vehicle range and fuel cost will be
tested under a variety of climate and use conditions,
employing several hydrogen infrastructure options.

Data acquired through the vehicle and infrastructure
technology demonstration projects will be used to refocus
research and development, benchmark technology status, and
raise public awareness of hydrogen technology. Each project
includes a comprehensive safety plan, an activity to assist in
developing codes and standards, and a comprehensive,
integrated education and training campaign. Teams are
DaimlerChrysler and BP, Ford and BP, General Motors and
Shell, and Chevron and Hyundai-Kia, and also are supported by hydrogen suppliers, fuel cell suppliers, electric
utility and/or gas companies, fleet operators, system and component suppliers, small businesses, universities
and government entities. The new Energy Policy Act of 2005 strongly supports the Learning Demonstration
effort as an important element of the Program’s push toward a 2015 commercialization decision.

Secretary of Energy Samuel Bodman and Under
Secretary David Garman kick off the National Hydrogen
Learning Demonstration in Washington, D.C.

H2A Models Support Transparency in Program Analysis Activities

The National Renewable Energy
Laboratory, in collaboration with industry,
led the Hydrogen Analysis (H2A) group in

H2A Cost Sensitivity for Distributed Hydrogen Production

developing a hydrogen production cost Total Direct Cap.
model. The H2A model addresses the need '%gegm)
for consistent analysis methodology and INetural Gas Price
transparent reporting independent of ®aq
hydrogen production pathway. This cash H2 Storage Quartity
flow analysis tool, which assesses the o
minimum hydrogen cost (including a profit Capecy Fector
factor) for a variety of hydrogen production o

. . Production Efficiency (H2
pathways, will be used by the Program, its MNGM)

contractors, and stakeholders to evaluate
technologies on a common basis, to assess
technology tradeoffs, and to aid systems
analysis efforts. The H2A forecourt and Example H2A Distributed Natural Gas Hydrogen Production Cost Sensitivity
central hydrogen production models have  Analysis
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including coal, natural gas, biomass, electrolysis, and forecourt receiving and dispensing. An H2A model
assessing hydrogen delivery options has also been developed and beta tested and will be issued in FY 2006.

The H2A group is composed of members from national laboratories, industry, and academia. In addition,
it has sixteen Key Industry Collaborator (KIC) companies which have supported the analysis and model
development, providing key recommendations and peer review functions. The production models are
currently available through http://www.hydrogen.energy.gov/h2a_analysis.html, so that all interested parties

can utilize them.

Hvdrogen Program Participants Demonstrate Ability to Innovate

One measure of the innovation and robustness of a research and Hydrogen Program Patents
development program is the numbers of patents applied for and

granted. Each year, the DOE Hydrogen Program tracks the number @ Applications Filed
. 50 -

of patents that are filed by or awarded to projects sponsored by the O Patents Granted

Program. During FY 2005, eight patents were issued to Hydrogen 40

Program projects, including one international patent. In addition, a

large increase in the number of patent applications occurred in 2005

(48) compared to the previous year (22). With over 100 new

projects starting in 2005, the Program can expect these numbers to 44
continue to be strong over the next several years. Congratulations

to all researchers whose work is critical to the Program’s success

and is being acknowledged via the patent process.

DOE Hydrogen Program Launches New Website

A new DOE website launched in 2005 provides a
focal point for all Department of Energy activities
under the President’s Hydrogen Fuel Initiative. The
website includes news, documents, announcements,
and descriptions of technologies. It contains
convenient links which take the user directly to the
hydrogen and fuel cell areas within the office-specific
websites of the Offices of Energy Efficiency and
Renewable Energy; Fossil Energy; Nuclear Energy,
Science and Technology; and Science. The site is
developed and maintained by the Systems Integration
office of the Program, and its URL is
www.hydrogen.energy.gov.
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2005 Annual Merit Review and Peer Evaluation Held in Arlington, Virginia

The DOE Hydrogen Program held its annual review in May in
Arlington, Virginia. This was the largest review to date, with Principal
Investigators (PIs) of 300 projects providing oral briefings or poster
presentations. A panel of 150 technical experts covering all aspects of
hydrogen and fuel cell technologies conducted peer reviews of 200 of
those projects. The findings and recommendations of the peer
reviewers are used by the project Pls to guide their future work, and by
the Technology Development Managers at DOE to make programmatic
and funding decisions for the upcoming fiscal year. Those projects that
were not peer reviewed were typically ones that had just started in the
six months preceding the May meeting. Hydrogen Program projects
from the Offices of Fossil Energy and Nuclear Energy, Science and
Technology were also part of the process for the first time. This gave
the hydrogen community and its stakeholders the opportunity to see the
full breadth and depth of the DOE program in one venue. The Office of
Science, whose hydrogen and fuel cell-related awards were announced
the same week as the review, provided an overview of its emerging
program and will be more fully involved in the 2006 meeting as its projects begin to make progress. The
proceedings and final report from the 2005 review can be found on the Program’s website at
http://www.hydrogen.energy.gov/annual review05.html. The 2006 meeting is scheduled to be held May 16-19
in Washington D.C.

s 2005 Annual Merit Review
- _ Peer Evaluation Report

We are pleased to present the U.S. Department of Energy’s Hydrogen Program Annual Progress Report for
Fiscal Year 2005. The accomplishments of 286 projects currently sponsored by the Hydrogen Program are
presented herein. Preceeding each technology area (e.g., storage, fuel cells, etc.), DOE Technology
Development Managers provide an overview that summarizes the progress made in each area. We welcome
suggestions for improving the ability of the Hydrogen Program to impact the realization of a hydrogen
economy.

8 Chuf_

Steve Chalk, Program Manager
DOE Hydrogen Program



DOE Hydrogen Program FY 2005 Progress Report



2. Progress Report: 2005 Annual Progress Report

Basic Research
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II Basic Research

The Basic Energy Sciences (BES) office within the DOE Office of Science
supports the DOE Hydrogen Program by providing basic, fundamental research in
those technically challenging areas facing the Program, complementing the applied
research and demonstration projects conducted by the Offices of Energy Efficiency
and Renewable Energy; Fossil Energy; and Nuclear Engineering, Science and
Technology. In May 2005 Secretary of Energy Samuel W. Bodman announced the
selection of over $64 million in BES research and development projects aimed at
making hydrogen fuel cell vehicles and refueling stations available, practical and
affordable for American consumers by 2020.

A total of 70 hydrogen research projects were selected to focus on fundamental science and enable
revolutionary breakthroughs in hydrogen production and storage, in addition to new fuel cell technologies.
Participants in the projects include more than 50 research organizations in 25 states. The organizations include
academic institutions, industry, and national laboratories.

The projects address five technical focus areas identified during
the Department of Energy’s May 2003 workshop on “Basic R P e e T R ey e ey
Research Needs for the Hydrogen Economy.” The key finding of | 5 B SIIAI B (U=
that workshop was summarized as follows: “Bridging the gaps that | [[[[FIHIER00ITE . e |
separate the hydrogen- and fossil-fuel based economies in cost, ., 7, |
performance, and reliability goes far beyond incremental advances | 7 o s o :
in the present state of the art. Rather, fundamental breakthroughs A e ey R
are needed in the understanding and control of chemical and ¥ sy &
physical processes involved in the production, storage, and use of | Sslizsaiiaisiag
hydrogen. Of particular importance is the need to understand the engerezen
atomic and molecular processes that occur at the interface of
hydrogen with materials in order to develop new materials suitable
for use in a hydrogen economy. New materials are needed for | ey deels, 2999
membranes, catalysts, and fuel cell assemblies that perform at much
higher levels, at much lower cost, and with much longer lifetimes.
Such breakthroughs will require revolutionary, not evolutionary,
advances. Discovery of new materials, new chemical processes,
and new synthesis techniques that leapfrog technical barriers is
required. This kind of progress can be achieved only with highly
innovative, basic research.”

. . W .

Production),

Storage pand Use

The BES initiatives are part of a comprehensive, balanced portfolio of basic and applied research,
technology development, and learning demonstration projects aimed to significantly advance President Bush’s
Hydrogen Fuel Initiative. The projects were selected through an open, merit-reviewed, competitive solicitation
process. The $64 million will be provided to the awardees by the Department over three years, subject to
Congressional appropriations.

Following are brief descriptions of the five technical areas addressed by the BES program, along with the
project titles and organizations of the 70 awards.
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A. Novel Materials for Hydrogen Storage (17 projects, $19.8 million over

three years)

On-board hydrogen storage has been identified by both
the National Academy of Sciences and the DOE as a key
technology for the successful implementation of a hydrogen
economy. However, significant scientific challenges remain,
highlighting the need for further basic research. Within the
hydrogen storage topic, 17 projects will be awarded to 10
universities and 6 national laboratories (Table 1). A broad
range of research in hydrogen storage is covered by these
selected projects, including complex hydrides;
nanostructured and novel materials; theory, modeling, and simulation; and state-of-the-
art analytical and characterization tools to develop novel storage materials and methods.

Table 1. Novel Hydrogen Storage Materials

Institution

Project Title

Massachusetts Institute of
Technology

Theory and Modeling of Materials for Hydrogen Storage

Washington University

In Situ NMR Studies of Hydrogen Storage Systems

University of Pennsylvania

Chemical Hydrogen Storage in lonic Liquid Media

Colorado School of Mines

Molecular Hydrogen Storage in Novel Binary Clathrate Hydrates at Near-Ambient
Temperatures and Pressures

Georgia Institute of Technology

First-Principles Studies of Phase Stability and Reaction Dynamics in Complex Metal
Hydrides

Louisiana Tech University

Understanding the Local Atomic-Level Effect of Dopants In Complex Metal Hydrides
Using Synchrotron X-ray Absorption Spectroscopy and Density Functional Theory

University of Missouri, Rolla

In-Situ Neutron Diffraction Studies of Novel Hydrogen Storage Materials

University of Georgia

Integrated Nanoscale Metal Hydride-Catalyst Architectures for Hydrogen Storage

Tulane University

Molecular Design Basis for Hydrogen Storage in Clathrate Hydrates

Southern lllinois University

First Principles Based Simulation of Hydrogen Interactions in Complex Hydrides

Massachusetts Institute of
Technology

High Throughput Screening of Nanostructured Hydrogen Storage Materials

Pacific Northwest National Laboratory

Control of Hydrogen Release and Uptake in Condensed Phases

Brookhaven National Laboratory

Atomistic Transport Mechanisms in Reversible Complex Metal Hydrides

Ames Laboratory

Complex Hydrides - A New Frontier for Future Energy Applications

Lawrence Berkeley National
Laboratory

A Synergistic Approach to the Development of New Classes of Hydrogen Storage
Materials

Oak Ridge National Laboratory

Atomistic Mechanisms of Metal-Assisted Hydrogen Storage in Nanostructured
Carbons

Savannah River National Laboratory

Elucidation of Hydrogen Interaction Mechanisms with Metal-Doped Carbon
Nanostructures
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B. Membranes for Separation, Purification, and Ion Transport (16 projects,
$12.3 million over three years)

Novel membranes are needed to selectively
transport atomic, molecular, or ionic hydrogen and
oxygen for hydrogen production and fuel cell
applications. The 16 projects selected, which include 13
universities and 3 national laboratories, address
integrated nanoscale architectures; fuel cell membranes;
and theory, modeling, and simulation of membranes and

fuel cells (Table 2).

Table 2. Membranes for Separation, Purification, and Ion Transport

Institution

Project Title

University of Utah

Computer Simulation of Proton Transport in Fuel Cell Membranes

Clemson University

New Proton-Conducting Fluoropolymer Electrolytes for PEM Fuel Cells

Carnegie Mellon University

Rapid Ab Initio Screening of Ternary Alloys for Hydrogen Production

Rensselaer Polytechnic Institute

Sol-Gel Based Polybenzimidazole Membranes for Hydrogen Pumping Devices

Lehigh University

Porous and Glued Langmuir-Blodgett Membranes

University of Pennsylvania

The Development of Nano-Composite Electrodes for Natural Gas-Assisted Steam
Electrolysis for Hydrogen Production

Case Western Reserve University

Theory, Modeling, and Simulation of lon Transport in lonomer Membranes

University of Tennessee

A Unified Computational, Theoretical, and Experimental Investigation of Proton
Transport through the Electrode/Electrolyte Interface of Proton Exchange
Membranes Fuel Cells Systems

Vanderbilt University

Template-Assisted Fabrication of Well-Defined Diffusion/Catalyst/lonomer
Networks

California Institute of Technology

Polymer Functionalized Zeolite Proton Exchange Membranes (PFZ-PEM) for
Medium Temperature (<299°C) Fuel Cells

University of Rochester

Composite Fuel Cell Membranes Containing Aligned Inorganic Particles

University of North Carolina, Chapel Hill

Proton Exchange Membranes for Next Generation Fuel Cells

Cornell University

Novel Intermetallic Catalysts to Enhance PEM Membrane Durability

Lawrence Berkeley National Laboratory

Nanocomposite Proton Conductor

Los Alamos National Laboratory

Fundamentals of Hydroxide Conducting Systems for Fuel Cells and Electrolyzers

Pacific Northwest National Laboratory

Charge Transfer, Transport, and Reactivity in Complex Molecular Environments:
Theoretical Studies for the Hydrogen Fuel Initiative
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C. Catalyst Design at the Nanoscale (18 projects, $15.8 million over three years)

Catalysis plays a vital 10nm
role in hydrogen production,
storage and use.
Specifically, catalysts are
needed for converting solar
energy to chemical energy,
producing hydrogen from
water or carbon-containing
fuels such as coal and biomass, increasing efficiency in hydrogen storage kinetics,
and producing electricity from hydrogen in fuel cells. Nanoscale catalyst designs
will be explored through 18 projects involving 12 universities and 5 national
laboratories (Table 3). Research areas include innovative synthetic techniques; novel characterization
techniques; and theory, modeling, and simulation of catalytic pathways.

(b) SEM - Side View

/)

Table 3. Catalyst Design at the Nanoscale

Institution Project Title
University of Pittsburgh Multiscale Tailoring of Highly Active and Stable Nanocomposite Catalysts
Tufts University Nanostructured, Metal-lon Modified Ceria and Zirconia Oxidation Catalysts

Massachusetts Institute of Technology Instability of Noble Metal Catalysts in Proton Exchange Membrane Fuel Cells:
Experiments and Theory

University of Wisconsin Atomic-Scale Design of a New Class of Alloy Catalysts for Reactors Involving
Hydrogen: A Theoretical and Experimental Approach

University of California, Santa Barbara | Nanostructured Metal Carbide Catalysts for the Hydrogen Economy

University of Wyoming eNMR for In-Situ Fuel Cell Catalyst Characterization

Yale University Novel Reforming Catalysts

Texas A&M University Theory-Guided Design of Nanoscale Multi-Metallic Catalysts for Fuel Cells

Johns Hopkins University Nanoengineered Mesoporous Metals with Monolayer Thick Precious Metal Catalyst
Skin

University of lllinois Reversible Dehydrogenation of Boron Nanoclusters

Texas Tech University Strategies for Probing Nanometer-Scale Electrocatalysts: From Single Particles to

Catalyst-Membrane Architectures

Arizona State University A Surface Stress Paradigm for Studying and Developing Catalyst and Storage
Materials Relevant to the Hydrogen Economy

University of lllinois Cathode Catalysis in Hydrogen/Oxygen Fuel Cells

Argonne National Laboratory Fundamental Studies of Electrocatalysis for Low Temperature Fuel Cell Cathodes

Stanford Linear Accelerator Center Development and Mechanistic Characterization of Alloy Fuel Cell Catalysts

Brookhaven National Laboratory Metal Oxide-Supported Platinum Monolayer Electrocatalysts for Oxygen Reduction

Sandia National Labs- Albuquerque Design of Novel Nano-Catalysts for Improved Hydrogen Production

Oak Ridge National Laboratory Nanoscale Building Blocks for Multi-Electron Electrocatalysis: The Oxygen

Reduction Reaction in Fuel Cells and Oxygen Evolution in Water Electrolysis
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D. Solar Hydrogen Production (13 projects, $10 million over three years)

Efficient and cost-effective conversion of sunlight to hydrogen by splitting water is a major enabling
technology for a viable hydrogen economy. Hydrogen production via solar energy conversion will be studied

through 13 projects at 8 universities,

1 industry company, and 3 national laboratories (Table 4). The projects

address nanoscale structures; inorganic and organic semiconductors and other high-performance materials; and
theory, modeling, and simulation of photochemical processes.

Table 4. Solar Hydrogen Production

Institution

Project Title

Colorado State University

A Combinatorial Approach to Realization of Efficient Water Photoelectrolysis

California Institute of Technology

Sunlight-Driven Hydrogen Formation by Membrane-Supported
Photoelectrochemical Water Splitting

University of Arizona

"Electrochemically Wired” Dye-Modified Dendrimers and Semiconductor
Nanoparticles in Sol-Gel Thin Films: Toward Vectorial Electron Transport in Hybrid
Materials and Solar-Assisted Hydrogen Production

University of California, Santa Cruz

Hydrogen Generation Using Integrated Photovoltaic and Photoelectrochemical Cells

Pennsylvania State University

Dye-Sensitized Tandem Photovoltaic Cells

Purdue University

Biomineralization Inspired Electrochemical Fabrication of High Performance
Photoelectrodes for Solar Hydrogen Production

Pennsylvania State University

Photoelectrochemistry of Semiconductor Nanowire Arrays

University of Washington

Real-Time Atomistic Simulation of Light Harvesting and Charge Transport for Solar
Hydrogen Production

Nanoptek Corporation

Bandgap Tailoring of Thin-Film Photocatalysts by Coating onto Stress-Inducing
Nanostructured Templates

Virginia Polytechnic Institute
and State University

Photoinitiated Electron Collection in Mixed-Metal Supramolecular Complexes:
Development of Photocatalysts for Hydrogen Production

Brookhaven National Laboratory

Catalyzed Water Oxidation by Solar Irradiation of Band-Gap-Modified
Semiconductors

Pacific Northwest National Laboratory

Fundamental Investigations of Water Splitting on Model TiO, Photocatalysts Doped
for Visible Light Absorption

National Renewable Energy
Laboratory

Ultra-High Efficiency Solar Hydrogen Production via Singlet Fission in Molecules and
Exciton Multiplication in Quantum Dots
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DOE Hydrogen Program FY 2005 Progress Report

E. Bio-inspired Materials and Processes (6 projects, $7 million over three years)

Fundamental research into the molecular mechanisms underlying biological hydrogen production is the
key to our ability to adapt, exploit, and extend what nature has accomplished for our own renewable energy
needs. Bio-inspired materials and processes for hydrogen production will be investigated through 6 projects at
5 universities and 1 national laboratory (Table 5). Research includes enzyme catalysis; bio-hybrid energy
coupled systems; and theory, modeling, and nanostructure design.

Table 5. Bio-Inspired Materials and Processes

Institution Project Title

Pennsylvania State University A Hybrid Biological/Organic Half-Cell for Generating Dihydrogen

University of Washington Hydrogenases of Methanococcus Maripaludis

North Carolina State University RNA Mediated Synthesis of Catalysts for Hydrogen Production and Oxidation

University of Georgia Fundamental Studies of Recombinant Hydrogenases

University of Pennsylvania Modular Designed Protein Constructions for Solar Generated H, from Water

National Renewable Energy Laboratory Structural, Functional, and Integration Studies of Biocatalysts for Development of
Solar Driven, Bio-Hybrid, Hy-Production Systems

Chl
antenna




3. Hydrogen Cost: DOE Hydrogen Program Record
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4. Demand: Hydrogen Demand in 2040 for FCVs



DOE Hydrogen Program Record

Record #: 5008 Date: December 28, 2005

Title:
Hydrogen Demand in 2040 for FCVs

Items:

- 64 million metric tons of hydrogen would be needed to power 300 million
hydrogen fuel cell vehicles in 2040.

- 300 million FCVs would be 80% of the vehicle fleet of 375 million vehicles
projected for 2040

Data/References:

The following values were based on the VISION Model: Description of Model Used to
Estimate the Impact of Highway Technologies and Fuels on Energy Use and Carbon
Emissions to 2050. Singh M., A. Vyas, and E. Steiner, Argonne National Laboratory,
December 2003, ANL/ESD/04-1 (www.transportation.anl.gov/pdfs/TA/299.pdf).

1- 375 million vehicles projected for 2040 in the U.S. Vehicles refer to light duty vehicles
as defined in the model.

2- 300 million FCVs is based on the model's assumption of the following FCV market
sales rates: 4% in 2018, 27% in 2020, 78% in 2030, and 100% by 2038.

3- 13,000 miles per light duty vehicle in 2040. (Also from Transportation Energy Data
Book: Edition 23-2003, Table 7.4 (7-4).

4- 24.3 miles per gallon for conventional light duty vehicles in 2040.

5- 2.5 is the assumed ratio of FCVs miles per kg (or gge) of hydrogen to miles per gallon
of gasoline for conventional vehicles.

Calculations:

300 million Fuel cell vehicles x 13,000 miles per vehicle per year = 3,900 billion miles
driven per year

24.3 miles per gallon for conventional vehicles x 2.5 factor for fuel cell vehicle in 2040 =
60.75 miles/kg of H2 for a fuel cell vehicle.




3,900 billion miles divided by 60.75 miles/kg of hydrogen = 64 million metric tons of
hydrogen required.

Originator: Fred Joseck, Mark Paster

Approved by: JoAnn Milliken Date: January 3, 2006

Title:

Hydrogen Demand in 2040 for FCVs




5. MARAD ET Program: Maritime Administration

Energy Technologies Program
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U.S. DEPARTMENT OF TRANSPORTATION
MARITIME ADMINISTRATION

OFFICE OF SHIPBUILDING AND MARINE TECHNOLOGY

—
T

ENERGY TECHNOLOGIES

NEWSLETTER NoO. 02

INTRODUCTION

This issue provides
updates on a number
of our major program
activities, including the
establishment of new
research partnerships

with the Naval Sea
Systems Command
(NAVSEA) and SCX

Ferries, Inc. Also pro-
vided are the results of
completed technology
demonstrations re-
garding fuel cells, a
nitrogen oxides (NOXx)
reduction technology,
and biodiesel fuel.

See page 3 of the
Newsletter for a fea-
tured article by Mary
Culnane of the San
Francisco Water Tran-
sit  Authority (WTA).
Steady progress to-
ward the development
of a zero-emission fuel
cell ferry is described
therein.

The diagram on page
5 depicts the U.S. na-
tional energy supply
and consumption as
published by the En-

FALL 2002

ergy Information Ad-
ministration's  Annual
Energy Review 2000.
It provides data on the
source of energy and
its production (do-
mestic or imported). It
also shows that trans-
portation consumes
almost 27 percent of
the Nation's energy.

For subsequent is-
sues, we continue to
invite and encourage
informative  articles
from our readers.

INSIDE THIS ISSUE:

Fuel Cells 2

Zero-Emission 3
Ferry

Navy Testing 4

Water Injection | 4
and Biodiesel

\Energy Chart

MARAD AND

The Maritime Admini-
stration (MARAD) en-
tered into a Coopera-
tive Research Agree-
ment with SCX Ferries,
Inc. The agreement,
signed on September
10, 2002, will examine
the performance of ni-
trogen oxides (NOXx)
and particulate matter
(PM) emission control
systems aboard a hy-
drofoil ferry serving the
San Diego, CA, com-
muting area.

SCX is conducting a
one-year hydrofoil ferry
commuter demonstra-

Revised 02/03

SCX FERRIES SIGN RESEARCH AGREEMENT

tion from Oceanside to
San Diego under an

The company is also
seeking to extend the

arrangement with the
Port of San Diego and
the California Depart-
ment of Transporta-
tion (CALTRANS).

WESTFOIL

demonstration to points
in the Los Angeles area
as a method of relieving
traffic congestion from
the I-5 corridor.

—107—

The M/V WESTFOIL,
the vessel to be used
in the project, is
equipped with a new
hydrofoil, ride control
and waterjet propul-
sion systems. It is 85
feet in length and ca-
pable of carrying 149
passengers. The ves-
sel will be leased from
Pacific Marine, Inc., of
Honolulu, HI, and
Hornblower  Marine,
Inc., will be responsi-
ble for its daily opera-
tions. The WESTFOIL
has four Detroit Diesel
12v92 TA engines

(Continued on page 2)




PAGE 2

ENERGY TECHNOLOGIES

FUEL CELLS—ABOARD SHIP?

What will it take to get fuel cells aboard ships? A
first step in the process is to determine whether a
fuel cell-based, electrical-power generating sys-
tem can actually respond to highly variable ship-
board electrical or propulsion loads.

Accordingly, MARAD and SurePower Corpora-
tion entered into a Cooperative Research Agree-
ment to test and observe a fuel cell system’s re-
sponse to simulated marine power loads. The
SurePower system incorporates two 200 kW
phosphoric acid fuel cells and a flywheel energy
storage unit.

Additionally, fuel cells figuratively combine the
prime mover and generator into a single unit.
A combination of American Bureau of Shipping
(ABS) and Institute of Electrical and Electronics
Engineers (IEEE) requirements for power sys-
tems installed aboard ships were ultimately util-
ized. These tests are summarized in the below
table.

The tests demonstrated that the system met all
regulations as they apply to rotating, alternating
and direct current generators, with the excep-
tion of the 300% overload test. The latter nega-

tive outcome may have resulted from monitor-
ing equipment limitations. It is intended that a
re-test can be conducted in 2003.

Seaworthy Systems, Inc., was enlisted to develop
the testing protocol. Some creativity was in-
volved as fuel cells are not addressed by marine
regulatory agencies or classification societies. POC: carolyn.junemann@marad.dot.gov

Fuel Cell Tests Performed

Test No. Description Organization
1.1 Operational Reliability, 60 min, 100% load ABS
1.2 Operational Reliability, 30 min, 110% load ABS
1.3 Operational Reliability, 4 hours, various loads ABS
21 Voltage Stability, +/-2.5% VAC of rated voltage - 0-100% load ABS/IEEE
2.2 Voltage Stability, 150% load, starting ABS/IEEE
2.3 Voltage Stability, 300% load, momentary ABS/IEEE
3.1 Frequency regulation during load change - 100%-0%-50%-100% ABS
3.2 Frequency regulation during load change - 0%-75%-100%-25%-0% IEEE
41 Parallel Operation, load sharing stability ABS/IEEE

(Continued from page 1)

SCX Ferries
each rated at 1050 BHP at 2300 RPM.

The SCX agreement with the Port of San Diego
requires the installation of emission control sys-
tems aboard the vessel. The company is cur-
rently considering using a combination of water
injection systems for NOx reduction and a low
sulfur diesel fuel for sulfur oxides (SOx) and PM
reductions.

Testing Laboratory. This mobile lab will be util-
ized to perform the emission measurements
early next calendar year.

Should the ferry operation prove successful,
SCX may build new vessels. Liquefied natural
gas (LNG) will be one of the fuels considered
for the new hydrofoil design. As part of the pre-
sent Cooperative Research Agreement, MA-
RAD will sponsor a study assessing the poten-
tial supply and comparative costs of using LNG
in the proposed SCX operating areas.

The Department of Energy has agreed to assist
in the research program by committing the ser-
vices of West Virginia University’s Mobile Source

POC: sujit.ghosh@marad.dot.gov
daniel.gore@marad.dot.gov
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FEATURED ARTICLE

SAN FRANCISCO ZERO-EMISSION FERRY

This article was contributed by: Mary Culnane, San Franisco’s Bay
Area Water Transit Authority (WTA) and Chris McKesson, John
J. McMullen Associates (JJMA).

San Francisco’s Bay Area Water Transit Author-
ity (WTA) is actively developing a fuel cell pow-
ered ferry in order to move toward a zero-
emissions future. The envisioned vessel will
showcase the marine application of fuel cells for
propulsion and provide an opportunity to gain es-
sential operational experience. The vessel is in-
tended to serve Treasure Island, approximately
three miles from the San Francisco city front.

WTA awarded a contract to John J. McMullen
Associates (JUMA) to develop design drawings
for the vessel. JUMA'’s stated intent is to keep the
points of innovation to a minimum, insofar as that
is consistent with the fuel cell concept. This
means that it will not develop a specialized hull
design, but will instead attempt to develop a pro-
pulsion package that is compatible with a number

o«

of suppliers’ “catalog” ferry designs.

Further, JUMA intends to use an off-the-shelf fuel
cell in its design. Following acceptance of the
design, WTA will procure the vessel in a conven-
tional bid process, and the major fuel cell compo-

As with the transit bus units, the ferry would
carry a roof-mounted “tank farm” of hydro-
gen cylinders, amounting to some 80,000
standard cubic feet of gas. This tank farm
would encompass a volume of 20 feet by 20
feet by 3 feet.

An issue not yet fully addressed is regulatory
approval of a hydrogen fuel system. The
U.S. Coast Guard has approved natural gas
fuel for ferries in some cases, and it is hoped
that the same design techniques used for
natural gas would result in approval of hy-
drogen. In this connection, it should be
noted that both gases are lighter than air and
both have been carried in liquefied and com-
pressed forms (although at present only
compressed hydrogen is being considered
for the ferry).

WTA'’s fuel cell ferry design project is sched-
uled for completion in early to mid 2003. At
that time, WTA will hopefully be positioned to
obtain funding for construction of a true zero-
emission ferry and to lead the way in explor-
ing a possible new future for ferry propul-
sion.

nents will be owner furnished.

The design is focused on fuel
cell “engines” being devel-
oped for use in transit buses.
For example, two 200 kW bus
“engines” would be sufficient
to drive a 49-passenger ferry
at about 12 knots, even after
accounting for the weight of
the system.

\Uydroge

Another, potentially larger,
issue is the matter of fuel
storage. Again, following a
philosophy of “minimum inno-
vation”, the current thought is
to simply carry compressed
hydrogen gas to fuel the cell.

Oxygen

Zero Emission Fuel Cell Technology

For Ferryboats
o / \

e

Electric Motor Propeller
\ ~
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NAVY EMISSION TEST PROGRAM

MARAD has joined forces with NAVSEA-Philadelphia in a Navy Emission Test Program. Com-
mencing January 2003, the testing of five fuels and six emission reduction technologies (see below)
will be conducted by the Ship Systems Engineering Station’s Marine Engine Test Laboratory. All
equipment and fuels will be tested on a reconditioned, naturally aspirated, two-stroke, 12V-71, De-
troit Diesel engine.

Program objectives are to assess performance and criteria pollutants generated by the various fuels and
abatement technologies under controlled laboratory conditions. Subsequently, a shipboard evaluation will
be conducted to assess reliability and durability of one or two combinations of optimal technologies. Par-
ticular attention will be given to NOx and PM emissions. The engine model is very common within the
workboat fleets of the Navy, Army, other federal agencies, and commercial maritime industry. Results will
be disseminated to all interested fleet operators.

Fuels to be Tested

F-76 JP-5 Synthetic Diesel Biodiesel
(Similar to (Military (Fischer (Ultra Low (Soy Based
Diesel No. 2) Aviation) Tropsch Diesel) Sulfur) Methyl-Ester)

Equipment to be Tested

Fuel Catalyst Air Cylinder Power Mini-Sac Active Centrifugal
Additive Humidification | Assemblies Injectors Regenerated | Soot Collector
System Particle Filter

The test plan incorporates a total of 25 configurations utilizing International Organization for Stan-
dardization (ISO) 8178 propulsion, generator, and auxiliary engine test cycles. Performance data
will be collected in addition to emission measurements of NOx, PM, hydrocarbons (HC), carbon
monoxide (CO) and opacity. Particulate matter will be broadly characterized both physically in terms
of size and chemically in terms of composition.

Other partners for the testing program include the Office of Naval Research, California Air Re-
sources Board, South Coast Air Quality Management District, Environmental Protection Agency, and
Department of Energy.

POC: robert.behr@marad.dot.gov and daniel.gore@marad.dot.gov

FERRY ENGINE CONTINUOUS WATER INJECTION AND
BIODIESEL TEST RESULTS

ENERGY TECHNOLOGIES

In June 2002, Blue and Gold Fleet and the San
Francisco WTA released the results of emission
testing conducted on the 400-passenger ferry
MV OSKI. The OSKI is powered by twin two
stroke, 12V-71, Detroit Diesel engines. The test-
ing established NOx and PM emissions for
baseline operation with low sulfur diesel fuel, for
a 20% blend of biodiesel, for 100% biodiesel,
and for a continuous water injection system with
both low sulfur diesel and 100% biodiesel fuel.

The biodiesel fuel was a soy based methyl-ester
type. Biodiesel is a renewable energy source
that reduces greenhouse gases and particulate
matter. However, biodiesel often increases NOx
emissions. In order to reduce NOx, a continuous
water injection system was installed to inject
finely atomized water droplets in the engine’s
intake air system. Water injection reduces maxi-
mum combustion temperatures and conse-
quently reduces NOx emissions.

(Continued on page 6)
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U.S. DEPARTMENT OF TRANSPORTATION
MARITIME ADMINISTRATION
OFFICE OF SHIPBUILDING AND MARINE
TECHNOLOGY

400 Seventh Street, SW
Washington, DC 20590
1-800-986-9678
x61924

Phone: (202) 366-1924
Fax: (202) 366-7197

Newsletter comments and distribution
inquiries point of contact
regina.farr@marad.dot.gov

CHECK OUT OUR
WEB SITE
http:// www.marad.dot.gov/
nmrecC

CNG — compressed natural gas
CO — carbon monoxide

CO, — carbon dioxide

HC— hydrocarbons

{I NOx — nitrogen oxides
P O, — oxygen
PM — particulate matter

SOx — sulfur oxides

THC — total hyrdrocarbon

ENERGY
TECHNOLOGIES
NEWSLETTER . . .

serves as a forum to convey
timely articles of interest. You
can find this and additional in-
formation on our web site at
marad.dot.gov/nmrec

(Continued from page 4)

Ferry Engine Test Results

The following bar charts provide brake specific NOx and PM emis-
sions for each condition tested. At the data points tested, B20 pro-
duced a NOx increase ranging from 2-11% and the B100 increase
ranged from 5-20%. The water injection system, which was only
operated at higher powers, reduced NOx by averages greater
than 20%. B100 generally reduced PM emissions by over 50%.

40+
30
20
10+

0

NOx (g/bhp-hr)

23bhp 37bhp 75bhp 210 bhp

O LS (Low Sulfur) Diesel
0O B100

M LS Diesel w/Water Inject 0 B20 Blend
E B100 w/Water Inject

1.2+

14
0.8
0.6 7
0.4
0.2

0

PM (g/bhp-hr)

23bhp 37 bhp 75bhp 210 bhp

Exhaust gas composition was measured with an Enerac Model
300 portable emission analyzer. PM was measured by weighing
the accumulation of particulate on a quartz filter with no dilution
tunnel. Formal fuel performance tests were not conducted, but
the operator stated there was no noticeable change in consump-
tion when the continuous water injection system was applied.

Blue and Gold, a ferry operator in San Francisco Bay, managed
the project with MARAD as a co-sponsor. The water injection
equipment was purchased from MA Turbo/Engine Ltd. of Vancou-
ver, British Columbia. The biodiesel fuel was purchased from
World Energy, Inc. Testing and test reports were by Walther Engi-
neering.

POC: daniel.gore@marad.dot.gov

Technology Demonstrations

We welcome the opportunity to publish on our web site the status
and/or results of demonstration projects in which you are engaged.
If you are willing to share such information with our readers, please
contact MARAD’s Office of Shipbuilding and Marine Technology.

POC: regina.farr@marad.dot.gov
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