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Background and Objectives of The Study
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ey sk - Increasing environmental regulations surges substitution of petroleum power sources
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has been conducted
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To identify technical and systemic obstacles to practical use
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Survey of existing/planned FC powered railcars and ships through
interviews and literatures .
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Market potential survey in Japan
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The Research Organization at the Japan Transport Research Institute
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Case studies on fuel cell systems introduced to ships
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Trains and ships where fuel cell systems will be introduced, and market potential
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Discussion of economic viability of introducing fuel cell Systems
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Lessening environmental impact from fuel cell systems’ introduction
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Challenges and suggestions: Toward using fuel cell systems on rail and in ship
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Possibilities of Using Fuel Cell Systems for Trains and Ships
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Increasing Need for Environmental Measures: Combatting Global Warming

O 2016F(CREFBZRES DRMEL T JNUBTENFER . HEKCRIELX RADIT RO NE

The Paris Agreement went into force in 2016 and measures are needed to combat global warming.

O LWhB[2CEZEIDZEKDIHICIE., FIREZELUEOKIBLREREIMNRI AHHIAEEEN TS,

Achieving the “2°C target” will require a drastic reduction in greenhouse gas emissions beyond the draft pledges.
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Further reduction is required, even though railways and shipping are environmentally friendly modes of transportation.
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Reductions in CO2 Emissions Required by
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Breakdown of CO2 Emissions in Japan’s
Transportation Sector

Paris Agreement’s 2°C Target
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Increasing Need for Environmental Measures: Preventing Air Pollution

O PRBEBE(IFERRFICNOX. SO X . PMEODKR &G E ZHEL
Internal-combustion engines produce air-pollution emissions, such as NOx, SOx, and particulate matter (PM).
O BRMTIE. AR Z RPN (I — X7 R 32228 L THN. ShBEMDAHIDXIR,

Europe is aiming to phase out the engines, and railcars are also targeted by the regulation.

O finfi(d. EFRSEFICID. NOXRUSOXICXT T DARHI N EFERY (B LR TWL S,

International treaties will tighten regulations in stages on NOx and SOx emissions from ships.
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Characteristics of Fuel Cell and Hydrogen Power Drives

O CO2BHEEDERZHIRERFA RBNCKIET 2728, RRIERCRN3IU—>BREBE RN
kHENTHD, Ny7U— (EV) PRRIEMNMEMEH,

Clean alternatives to the internal-combustion engine are needed to further reduce CO2 emissions and comply with
regulations on gas emissions. Batteries (used for EVs) and fuel cells are strong candidates.
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For trains and ships that are operated regularly, fuel cells may have the advantage in terms of short filling time,

range, and weight.
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Initiatives to Create a Hydrogen Society
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Initiatives to Create a Hydrogen Society in Japan, the United States and Europe

OBKBRZALC, KFEHSFERICEIFTEEDHEA M THN TS,
Initiatives are underway to create a hydrogen society, led by Japan, the United States, and Europe.
OBAXTEEZER2RIRIINF—EUT, RKETEEBKRFENSOARED. BN TIIIRIBEX RO EE R BN,

The key, respective motivations are as a major secondary energy source in Japan; escaping oil dependency
in the United States; and as an environmental measure in Europe.
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Japan’s Basic Hydrogen Strategy

0201712326 B(IKZR=EAREIEH FEZRE SN,

The Cabinet finalized a Basic Hydrogen Strategy on December 26t, 2017.

O2050F 72 REFICIIRBEIEIREE AL, %@%iﬁu‘jwtzowﬁit@ TEIFTEZ R I EDOTHO. /NAHED
FCIEICDWTEBARE S, FREADE K HHD.

The strategy includes a vision for 2050 and an action plan up to 2030 to achieve it. It specifies conversion

of small ships to fuel cell power and also mentions railways.
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Japan's Basic Hydrogen Strategy

OKFREXREIE T, FEROMIBFEPLIZANIOVTE2030FEAMFRBIEINEEZ KL TV,

The Basic Hydrogen Strategy also lays out visions for 2030 and the future in terms of future market scale
and cost.

OHFF(C. FFHRBIF. KFRICLDFEBZITOICUCLDREILANREN TS,

In particular, it describes expanding future demand by using hydrogen at thermal power plants.
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Case Studies on Fuel Cell Systems Introduced to Trains
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Case Studies of Fuel Cell Power Use by Railways

O2018F LD, PILANLHNRAYVILEBTOEZEZITOFECTHD. HARY ORI EMERE DR FEIEIRE 32D,
Alstom plans to launch the world’s first commercially operating fuel cell train, in northern Germany in 2018.

O =X A E2021F 72 BRICEITZHIE FEELFHER., LRTTH. FRECRRCHIEZEZHIBL TS,
Siemens has announced plans to begin such operations in 2021. Chinese CRRC has begun operations of an LRT.

OHRTEFEREX-N—FETERbICEIITERFENMEDSN TS,
Railcar manufacturers are leading the push toward commercial operation worldwide.
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ALSTOM Coradia iLint

BoO I IMEE ALSTOMA Hh A #%E M [T E & - BRFEL TLAS T —E LB ED
Coradia Lint 54z A F Eith CEEEN T A ARICEE T H_ L THHFE
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Siemens Mireo commuter train

B0 Ty NEE MireoldSiemensH2016 4 [CE &= (InnoTrans 2016) THEXL
FEHBMEEmTHY. 2017F2 8 (ZIFF/ Y DK ESDB
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Power Systems|EMireo® ¥ Eith b IZEE T A MR TO Y
F%&Siemenst £ E TERT HEHRKRLI-. AT INDRTE
[F59900 5 FJ)L ($910.2(BF) EHEFRINTULVS,
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Systems M #F1=1Z200kWDPEFCI# ¥ Bt 1 = v %R F I B,
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(H #2)Ballard Power Systems7L X1J—X (2017411 A148)
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CRRC Tangshan Railway Hydrogen Super—-capacitor Tram

| wASDE LIS Y R [EICRRCY JL—F M Tangshan Railway (B LU E BEH AR A F])
BNExv/N\La— BEEMEMRHENETHAESHE-ERLRTOTO
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Eﬁ%&:ﬁaﬁbf:o

HEmSE Ballard Power Systems®!M200kWD ¥ EhF# 2 &L TLVS,
BenREX70km/hTHS. —BIDKFEFIETI2kgDIKFRZFIE
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HERICBWELGRHE A BHEENF /N E2—[CFRELT:
BAICK->THIET S, BEFERIILIRASHT=WO6FEH S,
BESEDRTV1—)L —
(Hi #) Ballard Power Systems "Fuel Cell for Rail Applications”, 2017451
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Demonstration Projects for Trains in Japan

B HARTF2006F LD, IREAAREERE M SATTAA(CED, tHFRCTEER I TR E Mz EhEE
(CFIAT AT MTONTE.

In Japan, JR east and Rail Technical Research Institute have been developing fuel cell powered railcars since
2006.
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Case Studies on Fuel Cell Systems Introduced to Ships
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Case Studies of Fuel Cell Power Use by Ships

ORMRADEF T, /NRIERZEREEHDBDD. (FEAENEIETOD 1V NDERFETHS.
Most projects are at the demonstration stage, although there has been some small-scale commercialization in ship.

OXR(IIRE) - BENRUVEFIEZENUIEIRERDZ 0,

Most demonstration projects have been focusing on passenger ships leveraging the advantages of Feul Cells that

lack vibration and noise.

O

BAOKFRZFIR T 2L ZBELLTOZ T MIFERIN TS,

Several projects were announced last year envisioning the use of fuel cells and liquid hydrogen for propulsion

engines and auxiliary power on large cruise ships.
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INE R R NATYYRHERED R T LEEBEHL. BRLTLS,
GEfTH) TA—EILIUDHEDHBELTHER,
Roya| Caribbean 'ﬁﬁf‘iifﬁ*ﬁd)?)b—fﬂﬁ’é{%ﬁ?é*Eld)v 'Royal Carlbbei{_’l* _
I — R o Royal Caribbean/IAM B L AT L&Y7L —Xfiy  -Meyer Turku GERRFT) 20165 10A ~ % e
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: B EMEL T, -ABB Marine & Ports
2017469 A IZHRE #0900 N SR D AHI T ith 7 )L —
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71— BT 5L —R BMHEEMEHES R T LELTEE T SHETE, -Norwge o VBT A 2017498 ~FAFH (ERER)
(st@E) TEATE PR L — XD E DRI EH KR 9 =
NH) T MO EEN TS,
HYBRIDShips JILyT— KEZTEHERTLET ST —DEMER  -Fiskerstrand Holding* 20175 ~20204 Eteh
(RtEH) (GHEIERATIERRET  MIELTULVD, 193Kk, REEBHEM M RIS DB - Fiskerstrand Verft (2020 (Z1F7x
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Zemships (FCS Alsterwasser)

BoO THMEE RAYDNTILTHRIZH BT ILAEI—HIZTiTbhhnt=. BREE
MARDEIET O T Hk, falE “FCS Alsterwasser” &£ 154 .
2008FE8A M 52013 FEF TiEMLT=. MEIIIFE~43,000 A (25E
L. B E D EERRE 52,5008 B ThHho1-.

W AR {REE = FER T BI1X10048 D MAIZ48kW D Proton Motor&!PEFCE & H .
35MPaKFBZAV VL EETTIKFL2KQDETEBBE=NHY.
202kWhD $nE B M AFEE .,

BSEDART7O1—)L  BRIZEFHEIRTLTWS, EME T OEAIL, KRHIEEEEA
DRFHLGBFRICEDLDEEND,

(Hi #) Proton Motor Fuel Cell GmbH “Fuel Cell Systems for Zero Emission Ships:
Experience from Regular Line Operation” (201054H22H)



FellowSHIP project Viking Lady

B0 MR L z—T003FE M 5EESNT-FellowSHIPZ7 O D+ ETE
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Wartsila Ship Design. West ContractorsZ&MNEEL 1=,
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Initiatives for Large Cruise Ships

BN TIIAB)) — AR EIRE 2 (F EHEERE L U TR E M ZFI R I 25T E ' DS,

There are several attempts in Europe to use fuel cells for auxiliary power or propulsion on large
cruise ships. Royal Caribbean announced a project in 2016 aimed at reducing gas emissions
while ships are in ports.

Jas e 7’EI“/I7FJ‘//\ FCZ‘E#E

LBEZRE 2017498 ITHREZO00 N B DA E )L — i
HIL—hEe  FEETHEHEEHRRL. BEKFREZERAL, BHE  Viking Cruises*

\("g'fr'[‘@gqf )ruises BT 50 IHEERTLELTER T 55HHE, Norwegian Maritime %?;; giﬁ N:L %;EM%V)
? IL—XTE -HEERIIL—IMOFEORIZIEEIAKED/N  Authority 7
B¥E VhIVTRORBLEEN TS,
HRFRBEDV I —XMERE T 5KEDRoyal
i = PR T A
I gfgb%beian(izowﬁkﬁﬁﬂa/ﬂ?)b R&EBATDA Royal Caribbean*
Royal G IEERo e o . o= Meyer Turku GE&fRFT)
. = -Ballard 100 kW PEMEU M BEith & T Ls . 2016410 .
C(I:;l%bqe:e;n o= FCvelocity®%ABB Marine & Portsh iRl L #kIZ I T, Ea!?gis ower A~fgn ol ot
; BB AT LIEIL—XMEBICRELTNG O SE L
BORTILEBRELTHAT A EEMAARREO B
ELTLVS,

(Hi#2) Viking Cruises, “The future of maritime propulsion — VOC Fuel Cell R&D"

23



R D=1

Demonstration Projects for Ships in Japan

B HAT(AEE Ny - AR S Z R A S DRIV B ORIENMTONTHED, IRAUDEY)%Z
BiR(CER{LZBIEL TS,

Some battery hybrid fuel cell demonstrational ships were developed to commercialize fuel cell powered
ships in target year 2020.

REBERZEISVEE KHARKERBERATLOWEEERMELTHRESN =R EH

SNIZ7OSzIMEE T AHAEMBEERTHD, VI VRTATNYTYRT L,
J—ZXNATYYRRT L, B2BU R T L OERIEH AT LES:
HHETHERALANILOE M - R E M HEEMEREREL-,
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T MEE [CEfFHENF-EEBNERENAIFSAUDEED=D . R E

M-UF LA EMMEERMERFEL .

REBFERFIONLEONISE Mg | 5} 88

(H#) R BFRF (HE)ELZBETLRAV)—RER
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Trains and Ships Where Fuel Cell Systems Will Be Introduced, and Market Potential
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Considerations for Trains and Ships Appropriate to Receive Fuel Cell Systems

OBRICEWTRRIELOE A RERDIDHIHZICDONT,
The potential markets in Japan targeted for fuel cell adoption:
—EKEDEF (&, A DIFE(LERBIRIRICHITDT — TN [UBEDHRELRT
Railways: LRT and alternatives to diesel railcars/switchers running on non-electrified regional railways
—AaRE D EF TlE. BEE - IRV RERR THDENF FNIF L - B2 ERCRIBEEN D,
Shipping: Sightseeing and pleasure boats where low noise and vibration and quiet operation is desired

SENFICBITHEATEE RS BFIcE T HEA RN

Potential for Adoption in Ships

Potential for Application in Railways

F—HILEBE/A B QLRTD #iAEk18 i - S
Diesel railcars/switchers New LRT lines Sightseeing and Pleasure Boats

C =
o I-—H o)

(H8) &9 (FEHRETHRS (H#) B RBEITTR—D (HH8) A9 (ZERAE TR

« BRTHLS DA RN T « BRRBOEBEEOVHH o HRTTER D7 - 4 - )1 T 2R
FIFSR TS EDRENFEEITKEL ﬁﬂﬁﬁ;ﬂ{n?mﬁ%wﬁ
c BEARDARFEORR « EHEBICLZEHRELD s2TL? s
Tz BT MEEYE, BERBHDY
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Market Potential of Diesel Railcars/Switchers

OBADIFEALEIRDIEIER(IHI8,550km T, BARDEFKEHD31%% 5HD.

The total length of non-electrified railway track in Japan is about 8,550 km. This accounts for 31% of Japan’s total

rail network.

OFFBLEIR TIBITEN TV HADT(— PR BEOFBEIGIR7HNEETH2, 2147, Z0M (RekeE=
)45—) H487mNDE&EET#I2,700M, 71 —CIIEREEDIHZSFENENFI100M NS5 2000,

A total of about 2,700 diesel railcars operate on non-electrified lines in Japan, 2,214 by the seven JR companies and

487 by either private railways or third-sector operators. Each of the two general categories has about 100 diesel

locomotives, totaling around 200.

TA—E LR E - [RBERFKER

Diesel Locomotive/Railcar Stock

BHADIKERIRDIEEILIRIR

Status of Japan’s Non-electric Rail Lines

JR7#tOHRE | T ESHT
El DHREEHEMEH

JFE LR
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8,550km X

T14—EIL
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HEE =
(H8) B R BEKERAER, RIRBEZERHR2017 (D z—T7—IL-7—ILiR) . AEKEAERAK2017 (O —-7—IL-7—ILiR) . ITBEFZIZK 27
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Market Potential of LRT/Trams

OBRICHIIBLRT - IBEIEEFORE RZF0O(EFI240km, FREMZ(EFI770M,

Japan has a total of around 240 km of operating LRT/Tram lines that carry about 770 railcars.

O LRT/HHEEIRIEFO#INXZEHNEUCERELFERD, BT U TEZEFTOHNIEL.
SDOHTIEVEFEZ1FE I 22 TEITEIND.

Unlike railways, whose objective is long-distance transportation, kilometer of track per railcar is short for

LRT/Trams. They travel back and forth over short routes.

LRT BEEEEMAARNIEoUVICHEEXFO

LRT/Streetcar Stock and Kilometers of Track
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Market Potential of Ships

OBRICHEWTELREZBNOD1,000 b RiEOMMAZHI3, 200 EZFREN TS, i AOAAE
DEEXUL. 2.5~5 > LI/ INEORMRNITREZ L\,

Japan has approximately 3,200 registered ships mainly used for passengers, totaling less than 1,000 tons. The most

common tonnage of registered passenger ships is from 2.5 to 5.

OtgRI TlE RFEDREAPE AN REZ W\ MBI, REHARB &, RiB) M.

By region, Tokyo Bay has the largest number of pleasure and sightseeing boats. That follows the suburban

metropolitan areas in Kinki and Tokai.

REMELTOEEIE]

bR REMRE S

No. of Registered Passenger Ships by Tonnage

Hbigk - 2 20 A fia iR B SR AL

No. of Registered Ships by Region and Tonnage
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Discussion of Economic Viability of Introducing Fuel Cell Systems
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TA—EILK[ENEDRREFHED
Preconditions for Diesel Railcars (1)

internal-combustion engine.

OBADTEeHNEL THEHIAREVT— I [BIEZ ISR,
The target is diesel railcars, which constitute a large market and have high affinity with fuel cells.
OFERIGE LR Z S DI I1 T4 LIANTT—CILEREN A E LR U,

We compared the lifetime cost, including initial investment and fuel expenses, against diesel drive systems.

OBMFEmN SRR B ROIA M5 WIS (C, AR MBIMROIX M X L THEST

We made estimates by adding the cost of a fuel cell system to the cost of an existing train minus the cost of an

WRFEE th B il D B {48 28 %2 5 7% Method for Estimating Cost of fuel cell Railcar
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Handout: Preconditions for Diesel Railcars (2)

OEMmM&OE L 73 EDRHEIR(CTRIEOEEL.
The preconditions for calculating rolling-stock prices were set as follows.

EilfitsnFE%E Rolling-Stock Price Estimation
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Handout: Preconditions for Diesel Railcars (3)

OFBITERHFOVWTIRDBEDERELUI.
Operating and other conditions were set as follows.

MM ELRBEETREFOEE

Estimation of Operating and Other Conditions for fuel cell Railcars
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Hydrogen Cost Preconditions

O7J<§r'§19*7|=4]7\ I\(Et 7J<§Ee7\7—/EI/(LEB67“57J<§=r§0)491(ﬁ"\4ﬂﬁ1‘§f37)5t,umb\ NEDO/KZ=HRIE - Eank - HAFaHdiio— R

Future hydrogen price at hydrogen stand for railcars/ships were estimated based on a roadmap
presented by NEDO.

OFKIE - AinfiE BIC30FDFnN'HD . BEDKZZARL B (LB AR R SR 2 (TARIRL TLKZENS, 1754
LIKZRARIOANME (1EFEHEOKFHESZ) X (ZOFEOKFRMIR) DOI0FEHDFBFIEUT, BET—TIVARHT

DVTIE. [FRBMMEN—TE THDEDEL,
Through railcar/ship’s operational periods, hydrogen price is expected to become lower. Therefore life-

time hydrogen costs were calculated as the sum of [hydrogen price] x [annual hydrogen consumption]
for lifetime years. Diesel fuel price was estimated as same as current price every year for the future.

ARG TERALEKZRT—2avICE T HKEHRMIS DT R EEL

Hydrogen supply price estimation at hydrogen gas station for the future
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Cost Analysis of Diesel Railcars

ORIATE, MRS (TERBRNEN) 2REIIHECIT—CIREEDO2EDIX MDIKEEICRS,
Currently, using stationary fuel cells would cost on the order of double that of a diesel railcar.

OfzI2LU. BEERMRIEMZERAUEE 20308 AT IFRIRDIXNZEDSRIKEE,
It would be on the same order as the current cost if automotive fuel cells were used or fuel cell system price
plummeted by 2030.

OB#ELFEERIC. @ETL—F(CLDIREM EHNREEFTSL. BMREMIZSNS.

Regenerative braking contributes to improving fuel efficiency, as with automobiles, holding down fuel expenses.

TA—EILKBEDEESTTEER Economic Analysis of Diesel Railcars
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Preconditions for Fuel Cell Pleasure Boats and Buses

ORRnEK ENZOME (COWVWTHRF M2 R BBRIC(E. €77 TRILEBROMDARYIICEDE,
RIEMEFOEARGRELUR,

We assessed the economic viability of pleasure boats and water buses based on specifications and operating

patterns obtained through interviews.
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Handout: Preconditions for fuel cell Pleasure Boats (2)

OB ER(C. ¥IHRGELIRARMZ S DI T4 LA NTREBE &2 DU,
We calculated the lifetime cost, including initial investment and fuel expenses, as done with trains based
on preconditions obtained through interviews

B DIEE DOMAMEIEDIEATE Method for estimating costs in pleasure boats
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Handout: Preconditions for fuel cell Pleasure Boats (2)

Offafafits OB I57EC OV TIHIRDED,
The method for calculating the costs concerning ships was as follows.
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Handout: Preconditions for fuel cell Pleasure Boats (3)

OB RER RINREC METEE SN RO ENFEL
Pleasure boats feature short operating times and low fuel consumption.

MM ENERMETREFOEE

Estimations for Operation and Other Conditions for Fuel Cell Powered Pleasure Boats
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Cost Assessment of Converting Pleasure Boats to Fuel Cell Drive Systems

OERME, IIRTE. BRIEN (TEEMRE) ZFAIHSCET—EIVERAOK1.4500Z bk
(12BN 2030FERF AT FARDIZAMENDSIRIKEE,
Currently, using stationary fuel cells would cost about 1.4 times more than with a diesel pleasure boats.
But by 2030, the cost would be unchanged from its current level.

O%&%@ ﬁ%ﬁtﬁm)\ EIAETRILF-MERTERV, BRIBHIRIREL T, EAOZ1ENKR (RRED3E%
Unlike trains, regenerative energy cannot be used. For this reason, speed would be reduced 10% to save
fuel expenses by 30%.

R EMERMOBRFSITEER Economic Analysis of a Fuel Cell Powered Pleasure Boat
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Preconditions for Fuel Cell Powered Water Buses (1)

OIK_ENNZADIZEDIANDIEE (FEF AL BEARIORDEBDEREU.
We calculated the lifetime cost, including initial investment and fuel expenses, based on preconditions obtained
through interviews, as done with pleasure boats

OKENNADIZE. FEEREZZE R I DEVFILAAVEBMADTEE(FIRER TROTENS. 100%ARIEMNSD

BHTEITIZEOLAEELTNS, - | -
In case of a water buss, it is not realistic to charge the lithium ion battery in consideration of the
charging time, it is assumed that it runs with only electric power from fuel cell.
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Handout: Preconditions for fuel cell Powered Water Buses (2)

OEMAalChIZ. LEEBYKRELDIK _E/NRICOWCEREF D TZEN . FHIREERRMNZZ DI 51I54 AJANTE R,
In addition to pleasure boats, we performed an economic analysis of water buses. We calculated lifetime
costs, including initial investment and fuel expenses.

OERAaDT — AL EIRICEIFRoRROPIRRBERE IR M2 BRU . IARIEICESHAZ S,

As with the case of pleasure boats, we deducted the cost of the internal-combustion engine from the cost
of an existing vessel, and replaced it a fuel cell system.

BRELE K B/ NI DAETE Cost Estimation of a Fuel Cell Powered Water Bus

OB EMEEEN L IZK > TR E LGS EB MM A&Z FR<

IEH i 4% ==fiv H
T4—E LK ENR KT | 162,000,000 & EE@ENER &K 1L UOET) T EYEFEBAA /)
I ooy -11,032,500|@ & EtLREEEMEEHET I BEVETIVT KYEE
A 25 BT 4% 150,967,500 &

y ~ ] E= Sth O — Yy
QLB LLGAMBE M AT LEOMIEEME

1EH BAEE {lilics =-Fivd H B

B BT AR A AR 18| 150,967,500/ &

BHEMS AT L(EEREEH) 500kW| 443,928571|M & |[RBFEEA. KFE-IRIILX—EIK1(2017) FYEH

MEEM R T L (FCVAZER) 500kW| 28,032,500|.” % |IEA “Technology Roadmap Hydrogen and Fuel Cells”(2015)IZ & DEHE
HEAERERE (EENHE) 500kW| 5,000,000/ & [BREEEATAEEHTFRERBKHEILVETE

KEBRE R S (35MpatE ) 200kg-H2| 40,000,000|F.~% |NEDO#K¥EMO—K v T 201012 HDERE

O IN—R— 1| 30,000,000 & |EF7ULYT KYRE

A2 IN—3— 1£| 15000000/ % |[ET7UVT LYERTE _ __
DFOLAF BN RT L 100kWh| 12,500,000, & ﬁ%%;?%ﬂn_i\v‘ﬁzom(2013)#)/\47')%Egimw%ﬂmlﬁw_\{*/@m
PRELE ith B TS M 18 TE AR “« “

(EERMHENEEALEES) 15| 697,396,071 7%

PRELE th R TR S

(FOVAME BN EEALLBE) %] 281500000/ 7%

PR FE it B T A K (T 452030

(FCVAAE B HEERLEBE) 15| 210967500/ %
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Handout: Preconditions for Fuel Cell Powered Water Buses (3)

OIK ENNZADBEITEHFICOVTIIRDBEDFETE U,
Operation and other conditions for water buses were set as follows.

BB MK ENREBITEEEDETE
Estimation of Operation and Other Conditions for fuel cell Powered Water Buses

IEH HEE |E 8
@ | 1[B] i fi dn 1= Y i fon B 7185E/8 |EFV T LYERTE
| % i HE i (1 3% 324|[E/%F  |EFULTEYRTE
3 | R FHEE it 1 18h B 2,268 |BFH A F|=DxQ
@ | B EMREVYER 25,000 B ] EFULTICEDERTE
®|F o LA  BithF 12,000/ FME |HROVFILAFLEMDFETICEOETAT (ZEHRILGHAETE
© | fafin & dn 30|45 E7ULTKUEE

B EMR VIR EFERENZLHE :
Dlcne E “9+0
UFo LA EithFdn 37| E =65+©@
@ |FCRAYYZIHAEI RN 2|[@ =®+@
)F o LAA LTI HEIE 0|[El NFOLAFEBMFRAMAFHRIYRN DAL
@ | KFF D BE 1][E] AEMAERISETHEENDETE
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Cost Assessment of Fuel Cell Powered Water Buses

OEEALLEERU TRIR MR BER], IBHFLL TD@ENEZISND.
They tend to cost more than pleasure boats. Possible reasons:

O18 7858, :JB6HEITEESHEIDHTAITHM1 L (304F/R]) T2RIDMABIEMZNNE,
They have high operation rates (7hours per day, 6 days per week), and require the fuel cells to be replaced twice over
the lifetime of the vessel (30 years).
QFHEANEH S (10005E0) s BRIEMOIX MIERICERD,
The fuel cells are costly due to the high output (1,000 horsepower) of the main engine.
QFHBEANBH RIS, ARDIKZRDBEEEN L\,
The high-output main engine consumes large amounts of hydrogen fuel.
@EEERD, BIETRIILF—IMERTERL), Unlike railways, regenerative energy cannot be used.

BRELE K E/ SR DR FH SR Economic Analysis of Fuel Cell Powered Water Buses
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Conclusions of Cost Analysis

OFKE(E. BIETRIF—NMERATERENS, FFRNICET53. RAERIE BIFORFENEERTES.
There is a significant possibility that fuel cell systems on trains will have the same level of economic viability as
internal-combustion engines in the future, because they can use regenerative energy.

Ofiafia(d. BRARDLISERADNNEL B THNIFERF MDD, BHDHDK ENR(E, ELDHIRNMNE THD.
Although fuel cells on ships are economical on slower vessels like pleasure boats, further cost reductions are
needed on vessels like water buses with high-horsepower engines.

Of75. SEIODHTIE. ARIELONEREFIRKE —TE LU /KERRRIELORNERE)_EHER I NSRS
IMEIRU 2 CHRBIE D HIRN BT RE THD . BAtiDiES EEEIKRAR B FIENRE I LEHDID.

W FE MM DT HEE — & Results of Analysis of Economic Viability

| ER R E T fElE

TA—EILEFE KB —DETEHIZE L
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1.4~2f% AT SR KE [ L AVET BE
EEMCKEL-EHOEROETEE
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Lessening environmental impact from fuel cell systems’ introduction
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Comparison of Environmental Performance of Diesel vs. Fuel Cell Railcars

OMERRBE(LXI3REL T BEAIBE IR T — 2RI K BRI L 3/KREEMAY AL T 1 — LR BIEDIARIE
MAEICLBCOHIRRNR . FERIFILEKkmEITIDHVUVERI10068 53¢ RD.
As a global warming countermeasure, converting a diesel railcar to fuel cell power -- running on hydrogen
produced by water electrolysis using renewable energy -- would reduce CO2 emissions by an amount equivalent
to that produced by about 100 gasoline automobiles traveling about 10,000 km (average in Japan) a year. )
OASRAAIRLUTH. NOXTlzh IS BIEHIL. 6% SOXCTIE6. 9 E 4 ARET SHith CA 1 HIek
MRMSHNS.
It would have an extremely large effect as an air-pollution countermeasure. NOx would be cut by an amount
equivalent to that produced by 16,000 gasoline automobiles, and SOx by 69,000 such automobiles.

CO2HIBZIER CO, Reduction |l NOxHIBZIER NOx Reduction SOxHIiE R SOx Reduction
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o
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I AN AT BE

[
w
o
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=
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=}
(=}
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g
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FA— LB PR

B HERkEE o
AT B ﬁf é;;i%i)ﬁmw =
i, 7] Y&y
41008 7 ouimne = °

) SOXICOVWTIIAVIUZERAENDICO8E—RAE21.6km/L (i : IRI5E) | FREITIIFEITIERE10,575km (K : EE30BE BEEOEARERE]) HVI> 0O
S82210ppmeUTEH . NOXIOWTEIAYVU>EDHIEE%0.06g/km-& (EURO 6 1H) LU THRE.
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Comparison of Environmental Performance of Diesel vs. fuel cell Pleasure Boats

ORI LI TREL T BEDREIRILF—ZFAUOKERECLZ/KRZERITIETT —UIERMORRIE
ABEICLBCOHNRFNIRE. FREFILIkmEITIDHVIERI40573E18D,
As a measure against global warming, converting a diesel pleasure boat to fuel cell power -- running on hydrogen
produced by water electrolysis using renewable energy -- would reduce CO2 emissions by an amount equivalent to
that produced by about 40 gasoline automobiles traveling about 10,000 km a year.

OARZUEZRMIRELTIE. NOXTIFAVIU>B#EFI0.25E 0. SOXT(E1. 15 E D (CHEZ I 28 TASRHI
ERNMSHND,
Such conversion would have an extremely large effect as anti-air pollution measure. NOx would be cut by an
amount equivalent to that produced by about 2,000 gasoline automobiles, and SOx by 11,000 such automobiles.

CO2#Ii#shE 02 Reduction NOx#l;Eizh 8 NOx Reduction SOxHEI|E R SOx Reduction

Well-to-Propelleri = & 2 AlliE 20 & (7K
FEERKIZE>T+27~ A45kg-
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BIXHEKES AU EEE
FIRTAIEHYY L EEE et
405 43 Dl %2,200= 73 osiEm 2

3E) SOXICOWTIEAVISEFAEDICOST—RE21.6km/L (M : IRIEE) | ERIFHEEITIESEE10,575km (HE : EX3@Al BSEOFEREE]) IV 0mE 48
ZH8%10ppmELTEE . NOXCOWTEAVY>EOPEHE#0.06g/km-& (EURO 6#HY) &L TIRE,
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Conclusions on Reduction to Environmental Impact

OBAEIRIF—EBRKEOFBRICIDAVIVEICHEBEU TENEEM 1M HDFI10065 . EFMTEKI40650
DAZRCO2HFHZNRN R ADD,
Using hydrogen derived from renewable energy would reduce CO, by an amount equivalent to that produced by
about 100 gasoline automobiles for one railcar, and about 40 for one pleasure boat.

OFle. ARRUEZRYEBOHIBZIRFERTUL MAREMEREIEICELD, NOXTEHVUZED.2~1.6 5B . SOX
TlF1.1~6.9FEDOARIRRHEIRNRNMSFSND.
It would also have a remarkable effect on air pollutants, reducing them substantially: converting to a fuel cell
drive would reduce NOx emissions by an amount equivalent to that produced by 2,000 to 16,000 gasoline
automobiles, and SOx by 11,000 to 69,000.

REAEEBIRGR—E

| coMiEmE NOXHIBsh R * SOXH| i3 *
PRE BN EEN BIRBEKEMNETH HVYJUELG,0008 HYV1J2E69,0005
r—2=A V)2 E100E 5 D AR 7 DHEIE 5 DA

PAFLEE th = 72 i BIfrBEEAEFRETH HVIVE2,20060 #HYV)2EL11,0008
—= 1)U EH40E 5 DHEIE D HIR 5 D HEIE

P

AR EREN A R IXRFI R E TIEHSED DCOHIFHNE N KEL
NOXXOSOxEWS - ATEEME DEIBHETIIMDERH DL
1EDMDBEATAVIVESERBERLEBICKELIELH S,
A single converted railcar or ship can have a great impact on reducing air pollution, cutting air pollutant
emissions like NOx and SOx by amounts equivalent to those produced by 10s of thousands of gasoline automobiles.49
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Challenges and Suggestions:

Toward Using Fuel Cell Systems on Railways and in Shipping
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Challenges and Suggestions

BHED BREREEA/R—a3 BB T4

Environmental regulations and incentives to create innovation

BRKTIE, IRIBRGFDBIEEEEFDA/A—2a RIS EMTA DEIR

¢ HAETIE, BUVIRERFIEEUVOAD, BER O MR H o RAGIRRCRET 516 (X BB, BE
[CHK KT DRTREMEAKREL

& A—H—IZBWTIE, HEMGEI—T YMNIT 556 . COXOIHELWEFIZ AL TEE XIS
FTEHENTE

FEEITHITIFEMOBER - BAIS(L LTI DRBEY
Essential to incentivize pioneers to take on risk of adopting
new technologies

REQD RTENZLEBREZRITHELILHIEDRIEK

Establish a system that most benefits first innovators

Bl Z (X,

O RULEEAZITIBICHLTIE. BEXD2/3D#EN. 2B B DFEIZIE1/20D4#Bh

O RHRDOBRZITORICIE. —ROHEFETIILGL, RELYR VIR C-REGHBIE DIER
BLr P HIEGEIEE
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Challenges and Suggestions

FEQ MAMtie (OS5 DE R

Hydrogen supply infrastructure
IKFEDREHEIEAL IS DEE

¢ SBLEMDEREEOLNTHEY . BBEDE (FCV) ICEWTEHERE
¢ HAEDIRILF—BRICLEFRITIRETHY . FEDDLGUMELZ DEHE—F
PEXRELITTHRRT HEITEEE

E.EZXZE5. AIREOHRANBEFRAR

Cooperation is needed among government, businesses, and consumers

REQ BEERAKRAT—avziEE)T+THLER

Shared use of automobile hydrogen stations

O BEEREOHKEEMHANDOERIENARONEZ LN, ERFABUMITIEL,
O RT7—3a Tl KBTS F— O AR RN . FEEHE(IZE#,
O MAAICEWTIE, KIREESEDFHLER, (GEARARTEZOERKRMNMNZEYSL
75 OaRNEH A BE
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Challenges and Suggestions

R REEMEDME L

Cost reduction

pRA EEith SR M OKER) DR IR
& FK T, R EMINARKE LR L TE
® SOV ARNMEZATH AV I ARNTRER

NAEEERIFENEN LT ZBIELE-aXMNIBNER
Important to aim for same or lower cost than internal
combustion engine

REQ FEMKICKDOAMIEHESEBERFCOSARFRTHE

Necessary to reduce cost through economies of scale from
increased demand

O KEAEICLSEEICKYIRMIKRIEIZHIB AT EE (FCV, TR I77—LD1)
O BEEROREEMOERE - MM F~ADERAIRELIETTRE
O BRI EITA7IL—AMADERAIETFEEILKRICERT S EIZFE
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Challenges and Suggestions

FE@® REREOREH

Setting reasonable safety regulations
SENLER SR H D% E

® EHoFICBOTEREE—MNNE

& {5, FRMOE=HEAHIGRFTFENZLVRRETHY . FEXREBICES> TR EICH
FRHARNDAENTHETE

& BT, FIBEMEEALIOIETHEREN. TEVRIVDFHEZITL, BOHK
EHZFTML. KRIDZTEVRVERFLULETHACLEZRFEB/BICHLTIERAT S
CENBERRAVA (RELT TR ORFIRE)

EEERBOERGXEICLIGENGRFDRENDHE
A need for reasonable regulations through close dialog between
government and business

RE®D EXAHICESIREVRVFHED I HR—IHARHE

Vital to support safety risk assessments by businesses
O EXEFENTEMICYRIEEMEZEITOIZEICEKY . BoDHEfiERICLE-ZRE&RHlER
ETHDENTFREERY . A1 T1T 207355,
O EiX, BAIEEDOERL. EXBLDOXEFEZEL T, REFFMZHREIL . SEMNGR
ERHEZERT HENDE, 54
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Challenges and Suggestions

a0 MAEMOEITFAEDERTER

Development of fuel cell technology
PREL M DR E . R SRS [ (7= 5 fi7 BE 58 D 3

¢ BE-MMAEFICETIAMERFRADOER - HERDT=HIZIL, THIRD RN AH
BHERIFENENLLEDHE, AXFDERD-HDEMEAFRISBE

MEFRFEDOMBENERENERE
Continuous Research and Development are Vital

IREG METHORTLOEIRNSZIETE - BEEICHEITT-

AR R— DB E
Support Steady R&D toward Goal of Commercialization

O A ERIETIRIKRD35%~50%DKENSBREDHHERDE ENRAEND,

O FRTEHESMEEEE0HME. SEX2V7ZFALTLSD, ZRfTEAFEICLSIR
MEIRZEBEY .

O /NEEPESIEICKSENPTDEREBTET
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Thank you for your attention

MERBDFLOLWARBRITONWTE, E@EEMAEMETHHENGHELIZSLY,

For further information, please contact Japan Transport Research Institute.
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