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Summery

1. R&D Target

The target of study and investigation carried out since the fiscal 1993 are as
follows:
(1) Study and investigate about the demand of level and application technologies for
hydrogen energy in the future by different mode of use (gaseous and liquid hydrogen
etc.), make proposal for application technologies, clarify the advantage and
disadvantage of each technology and identify development issues.
(2) Develop element technologies, if needed, for each of the studied hydrogen

utilization technologies.

In fiscal 1998, for achieving these targets, continue study on promising
technologies for each area of application and develop element technologies for

especially promising utilization technologies.
2. R&D result in fiscal 1998

2.1 Investigation and study for power generation
(1) System proof test

In fiscal 1998, basic characteristics such as combustion efficiency, indicated
efficiency were determined, performing the combustion test wherein hydrogen is
injected into argon-oxygen atmosphere and steam-oxygen atmosphere utilizing the
rapid compression and expansion equipment installed in the Mechanical Engineering
Laboratory of Agency of Industrial Science and Technology, aiming to proof actually
for realizability of the two system, namely the hydrogen diesel engine cogeneration of
argon circulation type and steam circulating type.

As the result, combustion efficiency more than 90%, and indication efficiency of
approximately 42.4% (HHYV value) for the argon circulation type and of approximately
33.9%(HHYV value) for the steam circulation type were achieved. So that realizability
of the hydrogen diesel engine cogeneration system was confirmed and at the same
time shifting to the actual proof test for single cylinder unit planed to perform from

fiscal 1999 is prospected.



(2) Element technology proof test

The test of hydrogen injection device and hydrogen ignition device which are
important element technologies were performed. The influence of injection nozzle
diameter and injection nozzle number to the formation of jet flow and auto ignition
phenomenon were observed through a visualizing equipment, furthermore, the forced
ignition test using an arc ignition device and a laser ignition device were performed on
trial and the ignition condition thereof was grasped.

@® Observation of jet flow and auto ignition test

The hydrogen combustion under high pressure atmosphere was observed by the
schlieren photographing that is an optical observation technique.

As the result, the injection characteristics that the jet flow angle is almost
constant regardless the nozzle diameter, and the jet flow arrival distance is depend on
small injection device when the nozzle diameter become small were grasped. Also, the
auto ignition condition become clear, for example, the probability of auto ignition
become higher when atmosphere temperature exceeds 950°C.

@ Fundamental combustion test for hydrogen ignition test

The CDI (Condenser Discharging Ignition)ymethod and the current interception
method were tested as the ignition method of hydrogen by spark discharge using a
spark plug. As the result, it was observed that the CDI method produce more stable
ignition than the current interception method.

Furthermore, it was observed that the sure flame traveling is obtained at not
more than 30 degree of nozzle angle through the twin nozzle test. The laser ignition
method having high duration due to the non-contact method and high freedom for
selection of the ignition position was adopted and made clear the condition in which

the stable ignition is obtained.
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2.2 Investigation and study for transportation means

In fiscal 1998, the introduction scenario of hydrogen automobiles and the
environment LCA ( Life Cycle Assessment ) including the production process of
automobiles which affect warming of globe etc. were performed, because it is
estimated in the report of last year that the hydrogen automobiles will be introduced
in the market within relative short period of time. Also, the issues which may occur
when the hydrogen automobiles are introduced within a short time, for example,
preparation of law and regulation, preparation of infrastructure and exhaust of carbon
dioxide were investigated and studied.

(1) Introduction scenario

The technical and political issues were selected regarding to the introduction and
popularization of hydrogen automobiles, studying the introduction from the view point
of short term and mid and long term. Especially, it was pointed out that in order to
popularize the hydrogen automobiles in earnest, the prototype hydrogen automobile
qualified by the minister must be traveled soon and prepare the technical standard
based on the actual proven data. In order to purchase and travel the hydrogen
automobiles by popular users, it is necessary further process such as decontrol of
qualification by the minister.

In the short term scenario, it was clarified that the establishment of technical
standards is a very important factor to determine the commencement time of earnest
popularization, preparing the issues to be cleared in process from actual proof test to
practical use and earnest introduction during the period till 2010. In the mid and long
term view point, it was considered that greater part of automobiles will be family
cars and vans when it is assumed that five million automobiles will spread in 2030. It
is necessary to increase the hydrogen refueling stations together with increasing of
vehicles, therefore it was proposed that the development for hydrogen supply
equipment with low cost is essential.

(2) Environment LCA

The study of energy efficiency and exhaust of carbon dioxide in the fuel cycle
(analysis along energy flow) was performed, concerning the hydrogen fuel cell
automobiles mounting hydrogen produced from regenerable energy and natural gas as
primary energy.

Object of studying is family car or wagon car correspond to gasoline automobile
with displacement of 1500cc.

It was clarified that there is possibility of the primary energy consumption of fuel

cell automobiles become less than half of the current automobiles according to the fuel



cycle analysis and become about half even in LCA. It was concluded that the energy
flow with highest efficiency is the system of hydrogen refueling station produced by
solar cell, and the next is the system in which natural gas transmitted through the
pipe line is transported to the consuming area and is reformed at the station.
Although the exhaust volume of carbon dioxide is only generated in the
manufacturing process of automobiles when regenerable energy is used as primary
energy, it was concluded that the exhaust volume of carbon dioxide even when natural
gas is used as primary energy can be reduced less than about 40% in respect of the

current automobiles, and less than half even in LCA.

2.3 Investigation and study for fuel cell utilizing pure hydrogen

In fiscal 1998, market research of the polymer electrolyte fuel cell(PEFC) utilizing
pure hydrogen in the period of about 2010 to 2030 was performed. Also, the
specification, the manufacturing method and the materials of PEFC were investigated
for LCA of the fuel cell automobiles.
(1) Market research of PEFC utilizing pure hydrogen
@ For electric enterprise

The hydrogen combustion turbine generators are suitable to the large capacity
power generation for electric enterprise. As for market of the fuel cell, the distributed
power generation with MW class and the peak cut power generation are taken into
consideration, however, popularization of the distributed power generation is issue in
the future, so that the estimation of market is difficult in this moment.
® For industry

The introduction of fuel cell with 100kW to 5000kW class is possible and
introduction to salt electrolysis, petrochemistry and steel works where hydrogen are
produced as a secondary product are considered.
@ For public welfare and business

70% of the power generation plants are not more than 500kW, and it is necessary
to compete with the existing equipment economically that hydrogen price must be not
more than 25 Yen/Nm3, equipment price must be not more than 0.15 million Yen/kW
and unit price of the power generation must be not more than about 22 Yen/kWh.
@ For transportable power generation equipment

The price of existing equipment are degree of 40 to 80 kYen/kW and inexpensive,
however, the requirement of low noise for construction power source in night is very
strong, so that the introduction into market can be expected even expensive some

degree.



® [For automobiles

In the present, world wide automobile manufacturers are endeavoring to develop
the fuel cell automobile of methanol reforming type and pure hydrogen type, but the
ultimate automobile i1s said as the pure hydrogen type.

It is supposed that the introduction of fuel cell automobiles into the market will
begin about 2004, and will grow up to several million about 2030 corresponding to the
preparation of hydrogen supply base.
® For other market

There are market for propulsion of ship, for space and for household other than
above.

(2) Investigation of fuel cell data for LLCA of fuel cell automobiles

The specification of 25kW stack with the membrane humidifier was estimated.
modeling the newest stack of Ballard's Mark 7 which seemed to be mounted on
NECARII and NECARIllof Daimler-Benz by Barad. In addition, the material and the
dimension of each components such as cells , humidifiers, end plates, as well as used
amount materials per stack was calculated . assuming the manufacturing method of

menbrane-electrode assemblies and separators for cells and humidifiers.

2.4 Investigation and study for cryogenic energy application
The study of distributed type oxygen supply equipment utilizing the cryogenic
energy of liquid hydrogen was performed.
(1) Study for a combined cycle of He brayton cycle utilizing liquid hydrogen cryogenic
energy and oxygen production equipment
In order to optimize the combination of oxygen production equipment and He
brayton cycle utilizing the liquid hydrogen cryogenic energy, three cases of He
conditions were studied (supply/return temperature: 140.7/199.4, 152.7/217.3,
166.6/232.7K) and the specific power consumption of oxygen for each case was
calculated, Furthermore, economical comparison with the conventional process was
performed.
Typical results are
Produced oxygen concentration : 96.0%
Production rate: 1651 Nm3/h(as pure oxygen)
Specific power consumption of oxygen: 0.330kWh/Nm3(as pure oxygen)
(2) Study for cryogenic VSA utilizing liquid hydrogen
The specification was clarified with performing the simulation analysis in a

practical equipment scale and that the specific power consumption of oxygen was



calculated against the oxygen yield and concentration. It is found that the specific
power consumption of oxygen decreases with decrease of concentration.

Typical results are

Produced oxygen concentration : 93.0%

Production rate: 484Nm3/h(as pure oxygen)

Specific power consumption of oxygen: 0.66kWh/Nm3(as pure oxygen)
(83) Study for air separation equipment utilizing liquid hydrogen

The specific power consumption of oxygen and the rough production cost was

calculated on trial, when production scale, oxygen concentration and oxygen pressure
were varied for the air separation equipment where oxygen gas is produced utilizing
the cryogenic energy of liquid hydrogen.

Typical results are

Produced oxygen concentration : 96.0%

ProductOion rate: 1651 Nm3/h(as pure oxygen)

Specific power consumption of oxygen: 0.441kWh/Nm3(as pure oxygen)
(4) Study for measuring method of thermal conductivity of solid air

The features, the comprised equipment and the equipment price were studied

regarding to the transient hot-wire method, the forced Rayleigh scattering method
and the radial steady heat flow method. It was clarified that the recommendable
method for measuring of the thermal conductivity of solid nitrogen are in order of the
transient hot-wire method, the forced Rayleigh scattering method and the radial
steady heat flow method.

Through the study from (1) to (4) , improvement of the specific power consumption
of oxygen become possible in spite of the small scale oxygen production equipment
owing to the utilization of cryogenic energy and the proposal of original combined
cycle by our WG.

However, economical merit could not be found out under the present condition
compared with the conventional oxygen production process.

The important issues of further study are the basic research for thermal properties
and basic thermal conductive mechanism of solid air (nitrogen) including the cost
reduction means, which enables the design of direct heat exchange between hydrogen
and oxygen, as well as the basic test at laboratory scale for the temperature

dependence of mass transfer coefficient as is pointed out by VSA.



2.5 Investigation and study for hydrogen refueling station

In fiscal 1998, the following concrete items were investigated and studied,
following the report of last year concerned with the study of hydrogen supply system
and issues thereof, and supposing the various utilization method for hydrogen supply
to the hydrogen automobiles through the distributed type hydrogen refueling station
where produces hydrogen from regeneratable energy including natural gas, as a
countermeasure during the period till large amount of hydrogen become possible to
1mport.
@ The hydrogen production technology, the transportation technology, the storage
technology and the filling technology were investigated and studied, and summarized
the various issues, the performance of efficiency and pressure etc. and the suppression
for generation of boil off gas.
© Configuration of hydrogen refueling station

- System where hydrogen is produced at supplying site: Four systems (the
reforming of natural gas, the reforming of methanol, the alkali water electrolysis, the
solid polymer water electrolysis, the combination of solar generation and solid polymer
water electrolysis) were investigated and studied.

- System where hydrogen is produced collectively out of refueling station: The
system where liquid or high pressure hydrogen produced collectively at a hydrogen
storage base and supplied to the hydrogen refueling stations through transportation
by tank lorry etc. was investigated and studied. Also, it is clarified that liquid
hydrogen can be transported through the current transportation system.

@ Result of cost analysis for various refueling station

The supposed supplying cost of hydrogen refueling stations was compared and
studied under the ideal conditions. As the result, the details of cost structure become
possible to read directly from the diagram, in other hand the economical factors at the
present was clarified, for example, in the case of high pressure hydrogen the
transportation cost is given much weight. and in the case of water electrolysis method
the electricity price is given much weight at the production process. It is also
important for the selection of hydrogen refueling station system that the both system
musi be studied under consideration of the preparation state of infrastructure at the
installed location, so that this study offers one solution against the various selection

possibilities.
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3. Further plan and issues
Fiscal 1999 is the initial year when entire WE-NET are active as the second phase.
Therefore, investigations and studies will be newly promoted re-constructing the
project.
(1) Power generation technology

A hydrogen diesel engine of 100 kW class with single cylinder will be developed for
cogeneration plant. The engine shall not exhaust environment affecting substances
and shall be possible to achieve the efficiency at transmission terminal of about 45%
and total efficiency of higher than 85% (based on HHV)

The development and continuous operation test will be carried out and research and
development issues for actual use will be extracted.
(2) Hydrogen automobile system

The development of elementally technology of the fuel system for the hydrogen fuel
cell automobile keeping in mind the fuel supply from a hydrogen refueling station will
be performed. The technical verification of hydrogen automobile system combined
with the hydrogen supply system, as well as the evaluation of energy efficiency etc.
will be carried out.
(3) Polymer electrolyte fuel cells supplied pure hydrogen

The elementally technology of the fuel cell power generation system suitable for
pure hydrogen fuel will be established, and will be verified the power generation
system with 30 to 50 kW for fixed installation. The system shall be possible to achieve
the efficiency at transmission terminal of about 45% (based on HHV, and about 50%
based on LHV).
(4) Hydrogen refueling station

In order to establish the elementally and systematization technology of the stand
alone type hydrogen refueling station aiming to supply fuel to the hydrogen
automobile, a small scale testing system with 30 Nm3h correspond to about 1/10 of
hydrogen supply ability for actual scale will be developed and verified.
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2% m 1,645 1,420 1,675 1,30 1,460 1430 1,420 L6 1,500 1,635
#®gR A 5 5 5 4 5 5 5 5 5 5 |
cEEE kg 1,230 L0 1,50 LI0 1,250 1,250 1,240 1 1,300 %l
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2.2.3 EBAADOKKRBERGCERNMELUKKRIT— 3 >OMBERR

(1) AIREEH S RO

B#EICHATRRBEEROBEAEL, VA )E (AFC), V) VB (PACF), BikEsS
F& (PEFC) OMICBRABDIEA T E/-, 1980 FROMBE M ABHEORRIIME B A —H
—TETHONED, RETIHHEA - —THCHREIEDONDI LS ITR>TETN S,

a. I—0Ow/NTBFZBRIRR

O kav
<#li/k#% > Daimler-Benz (B Daimler-Chrysler) #5713 4 ® Ballard O#RRIE ik
ZED AN, 1994 Fh S FERAKEH IR ~E2#E# L= NECar I, NECarll R7¥ NEBUS
EHFE Lz MORT v 7L LCIIMWMEKEEZER L/ NECar V2R L. £LT,
Daimler-Chrysler i 2004 fFiCiZMNEMEBHEOBELZFHRT I L RERL T, KEL
YV VHETET LT BMW IR BRI ETII OO HBNORIH DD, 1996 £
i~ Rover & H[F ¢ BMW MR L 3 2tk KERR O/ RN EMEHEZAELTRERL
7zo Siemens [ZMKERBER 7 +—2 ) 7 VR L 1997 Er 5 HBEGEF TH 5, N
Z D BEFE X Daimler-Chrysler 2%V YT MAN 75 2000 £ ¥ CiZ Siemens ® PEFC %{#H
LN 2ERT L R2HEE LTS, Daimler-Chrysler ® NEBUS ¢ MAN/Siemens
DINZADHKEEEK 2.23—11Z/R5F . /2, Neoplan ¥ Ansaldo/De Nora & E£ETHiI/SX %
1999 FICHRTH L HER LTS,
<A%J—)VetE®> 1997 4FiZ Daimler-Benz »/ BB D NECarlll ZBHR L, FOHKE
% 4 7 NECar V 2R H TdH 2, Volkswagen |XHE D Johnson Matthey DB 88 % #1
L, Avxz—F>® Volvo, 5 % ® ECN & #[HTEU DXZEE 2 PEFC OEHHE%
2000 FEF TICHME T AEIEITH %o TIIVD 2004 EFX TICEHEEZAKETL L LTV,

®223—1 FAYDMHEH SROHLHR
Daimler-Benz NEBUS MAN/Siemens /%2
picd =| 62 AFED 100 AZED
E—#— | 75kW x 2 max 75kW % 2max
AEITEIHE | 250km 250km
FCHH 250kW 120kW
A& w7 | 26kW x 10 30kW x 4
REHE - 8kg/h
EEREE | 85°C 60°C
EEE S | 2.1bar 1.5bar
KFERE | BEH AL (8300bar) | BEH 2238 (250bar)
SEREREE | 1997 & 2000 £




@ % H

1998 £ 7 BZ Zevco (The Zero Emission Vehicle Company)id 0 > K o OBy 7 > — R
—h —TH%% London Taxi International 72 &' D 7/ ) — 7 ¥ L FT AFC 2R H L /=K E
Wy o> —2WRELEZ. SETHNEENDS 5 GOV I —2RETIFETH S, IHIT
Zevco (X EEBAD N2 B4t Robert Wright and Co. & 1998 £ F TiZ 12m#tik RN
KB/ YR (40kW FC-70kW Battery) 2% T2 2HEE LT3,

® fhoza—o v EE

F—0wNiCBIT2REBREOESIZE L, RETIR EUPESZE) URNEBED
BN EU ZEEOA—h—OHEMFE 7OV 2/ b & LTEAKCTDh TN S,

1980 ERIZIZ )NV F—d ELENCO AB8% U /= AFC 268/ L /=3 EURECA 7o ¥
PV MNT AFC 2R LN DRI Nz, £D% 1996 Ficik EU-»F ¥ D EQHHPP
70V xS N CA 4 1)—0 Ansaldo S PEFC 2H L= N2 2% L=, $/-, PEFC %
5 U 7= Hedk Kk M D 73> B Reault/Volvo/De Nora Gr. CHIFEI N T\ 5,

& 51T 1998 £EiZiX Coval H2 Partner 5 De Nora ® PEFC 2L =I=} 5w 0%
Venice THRE LTS, /=, 75 2D Peugeot Citroen i& 7 7 > X DE RV EHFRT,
4 41— De Nora, Ansaldo, ~)V¥—®D Sovay & & H{FET 75 AREE ADEME
DHR % %21} T 30kW PEFC > 25 L 2B 3 % HYDRO-GEN Gt 2 #R L iz,

I—D v N2EORBEHBEIROBRBRRE2X 2232 CEYH L TrRT,

¥223—2 IJ—AV\OBRHEHLEDEOMRBIRR

A ES) £ H B VAT L | WikeEEEE A—H—

;1’

ik RE EU 1994 ) AFC-LH, 300km | EURECA/ELENCO

1996 INZR PEFC-LH, 250km | Ansaldo/De Nora Gr.

1997 INY PEFC-LH, 500km | Renault/De Nora Gr.
FA 1994 NV PEFC-GH, | 250km | (NECarll)

1997 IN2 PEFC-GH, | 250km | (NEBUS) Daimler

1999 A PEFC-LH, - (NECarlV) —Benz/
1996 #FHAH®E | PEFC-LH, | 1000km | BMW/Rover

2000 INZR PEFC-GH, | 250km | MAN/Siemens
EU 1999 AV 4 PEFC-GH, | 300km | Ansaldo/Neoplan/De.
1998 I= PEFC-GH, 64km | Coval H2 Partner/De.
®BE 1998 | #23v— | AFC-GH, Zevco/London Taxi In
1998 N R AFC-GH, Zevco/Robert W.Co.
AL —| R4V 1997 INV PEFC Daimler-Benz/BPS
VB E EU 2000 A PEFC Volkswagen Gr.
K4 | 2004 AR PEFC OPEL

i) LH, : kKR, GH,: BEKR



b. dbKITH > SRR

® *x H

TR )NV¥—4 (DOE : Department of Energy) i 1993 b5 B#IEHOMEIEhE % 3 %I
&8 2% HiE T PNGV (Partnership for a New Generation of Vehicles ) @iz X8/,
HEHE T 1998 4 1 BICHHRE T 2 HifORAAZTV, HlARKERZBERNRD —DI
BATWS, ZODEEIOHT DOE iX IFC, Energy Partner, Plug Power % & % %1% L 50kW
PEFC OBIR%1T > T\ %, ¥ /-, Allied Signal i DOE DIE» Iz SCAQMD (South Coast Air
Quality Management District, 57V 7 A V=7 MR FEHIBASKBEERR) »obEMEZ
17T 50kW PEFC ZF# L T\ 5,

MR EMDBAR TIX UTC BHRZ L AR THSAERILL T, 50kWEH#HEM PEFC %5
FL, 200 FORBELEHIETOLREEE 1998 F 8 HIZITo /0
<§li’k#%!> Energy Partner iZ 1991 fEiZ PEFC 2 L= AR —Y h—%HKE L. BT
Cid Shutz Energy Research Center }S Palm Desert il C£EfT$ 2% PEFCOHh— M 2% L
T3, /=, Ford ik DOE ©%{8#% 5T IFC ® 50kW PEFC ###3 2 RAHZHRL
TW3 A%, Daimler-Benz & DIIER LD XS ICHEPEDLIPIPFHIN TN S,

DOE OKFE T x ) ¥ —HikBaR St TH 5 Hydrogen Program Tid, 2010 FiZiZFHHD
26% R KERFOBHE (RELEHEENA Yy FH) KT32 e 2EBEITFTWS
&, BROKRRERRT 22O 1 AR, WHTIOH b, ABRBERXRHTIHER &
DK EBER ML ZE/ LT 5,
<RAHJ—NVER> 198742 DOE R PAFC/NE SR OB 7O =/ b 2RBR I B,
o7yl TR THOTAY ) — Vi BERHE/NE) X %2 1995 FEED 5 George
Town T#J 4000km T X b &EFT LT=o FD% DOE i&, /NS5 KEDSZ~BIRZREX
¥ 5% LHEHFHZ, PAFC 75 PEFC ~NOZE®Z2X->THb, 1998 f£IZ PEFC (100kW Ballard
B) KN TR RDIFETCH 20

GM i3 A% /) — )it PEFC ED 4R %® 2004 FE TIZEA T L, SHITHY) VHME
BEROBRZERTEI L 2REXLTWS.Chrysler 4V ) & ED PEFC HEBHE I TCH
% %%, Daimler-Benz L DEHEE DL SR AICTI2OHPRERINTVRN,

@ Hr¥

Ballard »Eii{fij 72 PEFC 2R T 5 L & iC, $UKFE PEFC O/ A% 1991 FIZH M LK
BEER-HER 1997 Fi2iEk Commercial Model DS ZADBEFIZHIILE. FLTE
Daimler-Benz (4#;) ¥ 4% T DBB Fuel Cell Engines 23837 L A% J —)VvitH & #ikEH
MRRIEMD L FERR R IT> T\ %, /=, Ballard i 6 R T PEFC Ok /1= b O hEE
Z6EICH ET T, IkWL W) sttgeM B 2B LT 50, 36V —F Dl
BPABINEY 27 LOBBRET—E/NULT 272D 0BF 2L T\ 5,



BLEAEKIC BT 2 M BREOHRBRRZ BN L TE 2.23-3 KR T,

$223-3 ALKOMHTHLEHEOMRIKR
MR 5] F B VAT A A—H—
Mk KB XKE 1991 FAE | PEFC-GH: | Energy Partner
1996 #1— b | PEFC-GHz | Shutz E.R.C.
2004 N PEFC-GH:z | Ford/IFC
Hr& | 1991- INZR PEFC-GH: | Ballard

A% ) =)V b §E5 1995 INZX PAFC DOE Pro./FUJI
HEE 1997 AV PAFC @ /FC
1998 INZX PEFC Al /Ballad
1998 N PEFC GM
2004 N PEFC GM
HV ) L HBHE K 2004 Ny PEFC Chrysler Gr.

i¥) GHz: EMEAE

c. BFIZBIFSHMREOHRR

BHOHEICBN T, ANBBILRBRIC KB L TWIRKEHEL T, REEBHEOBHES
FEUYZAMN = a I T 2R AABT D, BBIEA - —PRBICHBEEZED TN S,
KERRDIBE, BEIERICERKEN IR ROWBEAERSY 7 ARXE2EA L THBRCKIC
HNLUT, BOEEHOA - KEREAESEFEAT 2 ARATHBEZELED TN S,
<BhiAZRR> 1996 FiC bIFH, 1997 FiIT vV I BT KERREEY ~ 7 H#lblik
FEMH BN BHE LU, MBEOMER2EX 22341077, MIFIIRRE BEIHDOEH
{BIZDWT 2003 F2EBIZT 2L HEXR LTS, FUKkERIPBRRGERIIIHSE L TR
Vo
<RAZ ) —)BRRR> BHETRACHRBIN AR EREL, 1986 FICETEHR/
FIIHBRLSKkWPAFC 2 L= 1.5t 74— V)7 b TH B, ETAROERIEGEN
oM cEld, IX VORETHEALIEIh .

ZDH% 1997 FIZR > T NIZ W PEFC ZFEA LNV BRE L1997 Eh shMiahi
HEA - NEDO OB R I Y —> T2 V¥ —BHEOMEMFB 7OV =/ b (ACEProject:
Advanced Clean Energy Vehicle Project) ®—3g& LT, HEMN XY ) —)VHER PEFC B
HOBRZIT>TWS, 28, HELAHIZ, 2003 FOEXAtLZ BRFRICRBGEERHEhE
ZRHFTHEHEKLL TS,

HAORKREHERRROBNER 2235177,



$223—4 PFARBIUIVYOREE L EBEOLH
=L vy
MikFRE A% —NVBER kR
R RAV4AL EV FCEV 534 FCEV
E B8 4 AED 4 NFED 4 AFED
T—F— 45kW max 50kW max 40kW max
E R FC+Xw31) FC+)sw 51 FC+¥ ¥ /53 %
Fiifoe EE 250km 500km 170km
3353 >100km 125km 90km
FC 4 20 kW 25kW 20kW
& AR/ 400 &)V 400 &)V 5 kWx 4
o/ SN KRR SE AL )= KRB EESE
(H;2kg)
FRIEHA 1996 4E 10 A 1997 £ 10 H 1997 £ 12
#223—-5 BFROMKEHEHHEOMRKR
ik S Hifd DN fiidor 5 A—Hh—
MikHRE 1992 S1— b PEFC-MH vy
1996 N PEFC-MH | 250km | +3%
1997 AV PEFC-MH 170km | wV¥
A% —)v| 1986 | 7x—21) 7} PAFC EtrEH/ b3y
WEE 1997 Ny PEFC 500km | +3%
2003 INEIEE PEFC P

#) MH : KR IREES &

d. BEORKRELENETEI M —>3>ORREME

LR ED BB HOFRRNZ BT E LD, BRINHMKEBHER/ ST TITK
E o Chicago, #1374 ® Vancouver, KA WO Stuttgart FiRNTHBRNICHAHAI N TS, &
7z, Berlin O iV Y4FIE 2020 FETIZLTOHNR MBI RICTOHALZ L%
1998 £ 9 HiCHE X L =iTH, Hamburg OH/N X YFHd 2005 Eh SRBEM/ S ZOBA T
ST EERH LTV,

#223-8IHRDFERTELZ N —rar7olael bERTH, X&) —iEY
THEESDLDH 201X DOE O PAFC NZADH T, ZOMIETHKEMBDOY A 7CH 5,
Zhid, KERHOAHEMY A7 LBHETHI L, AY /- NV BERHEREOEAL
BB ETZERTH DL, NADBHIFKERT—2 a L 2BE EZREDRIBEN+HS
12528, NARHREDHIDHEONZNWI L REZLZBDLEDbNSE, HNNRDTF



FIREEICLEIA2BEAEZRETED, TEORT =NV 5EBL2RKELRDETFREINS,

$223-6 HIORHELERETEIO I

A - KRBT F HH

3#) Washington DC 1995- | DOE PAFC /YR
GT Univ. QA (A% —)VER)
Chicago /3R 1998 | Ballard FC /3R
Palm Springs Z2# 1998 | PEFC Utility car
Palm Desert P 1998 | A ARI/NEE

d)z7h—h

%) Vancouver TH/V2 1998 | Ballard FC /%2

Jh) Stuttgart Hi/¥2R 1998 | D-Benz NEBUS
Erlangen /%2 2000 | MAN/Siemens /X X

(2) AERRF—2 3 >OMRIRR

KERBEMNSZPKEL Y Y VHEREEEANTEICEA LTS XKE, 15, K1Y
T, TEEDLOIBRBEDKERATF—> arIARBEINTNS, KEXTF—2arDARRE
ORI BT 2 KBZFEFORRIC I D BEODODPRAIN TS D, YA b TKk#ER
WETHARE, THTRELZKEEZERTHARXLICKAIETN S,

Oz > ¥4 Ml -

- KBBEM/ 7NV AhVKER/EHEHN AR (kE,/CAN, Xerox, Palm Desert)

- &L/ TNVh)KER/ GEH AR (HF %/ Vancouver)

OLiFH & Hik :

- BEHN A (M, Humburg, Minchen, £[EH,/Palm Springs, Augusta)

WOk RITRE/ /b BEHA X (kE/ Chicago)

- WAROKRITRL/ WAk LS (i, Minchen)

INEDKERT—>a O kEXR223-TIC77,
Bk EMRA TiX Electrolyser £t (#17-%), Norsk Hydro 4t (/ )V =z—) WPV H)E,
The Proton HOGEN electrolyser #t (3K[E), Proton Energy Systems %t (CK[E) & g/ <>
7 7tk EWNROEKES FEBEEKER (PEMKER) HERRL TV,
KRHRIg & DO RALKBRBHBE AR, TEAKROUETIEIEELHZH, KEBDHHE
OFEZTOV 2V PTCREERAINTWRN, Fiz, KEREASICL I KRB
EDOEIARBAINTWSBHMIT RN,



£223-7 ZFEOKEBERT—a>OMRERR
HES# BHFEIR R B MBS
SWB « KBB - KRZ XN F—RREILES AT LAD—IBY LT | Byernwerke
HEHHAWAEKRRHR Y~ F2ERE. BMW
kA - BMW O#KB#EG/IAR 120 L)~ OFHEIL | Linde
Za-AT WV 102.5 3 € 5.2 430 BOR & 7.8%0 Siemens, fit
- 1w 7Y VX Messer Griesheim & Linde @ 2 (2%
BFELTED, WIhdkRERKICHH LRV,
Linde OY A7 Ald, —EHEBEM MWK, H:BOG)
T1Mohvy 7Ty 7,
BRI X7 ATV FRE,
- WK R 3000 Lo
CAN - KB —KEBE - — GO0 —R X7 ADEFE | CAN
- KEMR, MBI Electrolyser 758 Xerox
FAD)A - KB &E 40kW 74 Hollywood i
El Segundo | - AK#EFE4 & 10Nm 3/h Electrolyser
- frR% 400Nm 3, 285bar Praxair, fit
- B : Ford Ranger(¥ v 7 7w 7 5w 2)X3 &
Palm Desert | - KBBAKEMHE X T — a v ORIERET, 8425 — | Humboldt MK
>arOFETY A VBB NI KEHMADFET, | Palm Desert i
AN h MO FERI D IREERRICA Do Teledyne, fth
- HEl, dkWPUV(TI N7 H—1M)3 &, NEVCKE A
—M2EDFET, WPUVI E2HAEFH
Electrolyser | - 7V AV KEMRIZ LBy —UBKEFRLEYATA% | Riverside
B, KFEFBLERIT 20~100Nm 3 /h, Quebec
y2 b ot - F£K1Z BC Transit iZ#IA X 5 Ballard % FC /Y2 | Clean Air Now
Rt ATFr—va vy FRITTNW S, BC Transit
Princeton X | - Bih ) 7 A NV=FHUETO ZEVEBA L FNIINT S
FA)Ah KEBHIEDT —ZARY T 1 & FElfo




2.2.4 KRIMERith B RHMOREFiE

(1) EBMMAXRHKIR FOBEX

AKRETRICTATLORELOFEICIVBEILNTESE, ThbHDS BV OPODHE

&, TERAKROBEIZEBIZAWSh TNV,
O Koo (BEKAME - BLEE - HbEE)
@ BRLKZERFER (RRHZX - Al - A¥ /) —) -+ AR - N4 T 7 RE) OXE - /8
® BltAkE (-2 RFAZ - AHEY - AEERY)

BEEBE - ABEMHAKEZOMHB I bORKEME LT, WE-NET 70> =2 bic
BIIA2RGFER. BLAUTKELRANVF-AOZAMAERELUTICRT. ThEDBRETHE,
EVFRIZBDWTHMNCRN IR b TOXKRBBERRTCEDZ 4L LT, RBRAX (H
HAXIEAY V) OWE, KEMREPERD LiIFbhTn3,

a. bAEIZHITIRN
WE-NET 702 =2 b CRIFR 9 ERIGEWVIPRICERAGEEORWARIC KD BEIHA
KEOHIES 2T AOBBERET 21TV, KERMKEIRX FOREBEET>TWS (XHER([3]) -« K
TRZZFOMERRT, 28, FREEKIZOWTIREDERICERSWTETFORBELZTT> 2.
O WEARK
KAAZX (BHiHR) W&, Ay —NVdEH, 7NVAhY)KER, PEM KEED 47—
@ HtiaRES
300Nm®/h, 7,200Nm*/H (/B! 400 &,/ BH:H)
Q@ AR
BERYR (EH : 200kg/cm?, A& : 3,600Nm?)
@ Rk
7. AR
AFEHAH 2 agtid, L 10 FRIZ CNG (EMEAHN ) BEETHEAATICH L
WHARSHRRERE L. MBEHtIAXF—Y aizBWTiTH 2 h 5 HBEAKkES
BT 584, 20 CNG HEEFTHEFAT A 2HESEH I NS JHEEIFVEE XS
hd, 2Tk, TRICRTERHRAD @RI ERMERH A A 2y PO BT H
ZHfiEEH Lz, ( MBI, (TEK 10 £ 12 ARLE)
EAEFARE 1 90,000 1/ A
HEHEARSE : 460 1/ m*/H
wERE 13752 1/ m® (HE¥EHE 35.26 J,/m®+FHAFHES 2.26 .,/ m?)
FEEOKRUREACBI AN IHERIE 78840Nm’ /HTHDH, COLEFY
Bifffild 39.3 ./ Nm® &2 %,



e A¥I)—)

DHBETIEIAS 7 =)V BEZTEHICERKH 200 Tt HBLTWS, LERokRMS
BEIIBIBAY ) —\VEHRIIZD 0L 1%BETCLIRVOT, KBRYEHICHILET
FRAASZ ) —VOo—BPFEHSIHh, MRETHRLEBEVEZITIEEIONE, T TR,
1998 & 12 ARADMLETEA D —Y —¥# L0 EgM L LT, 40.0 F/kg &\
S Hiffiz A Lk,

v. & A
HRENOENRERRL ) SEFHFIRMNHANES B (Téd) 28HT 2L LTHET,
HARNS 1 1,650 kW
wENE
BH (8:00~22:00) 11.14 F/kWh (%, Z0OttFH, (KHEOMEFL)
RS (22:00~8:00) 6.15 1,/ kWh
® WEEREE
£ 224-1 IIRTESIC, DHEFICBIT2RFTIRRHIBEIRHEL, WNT R
% ) —)ViHE, PEM kER, P h ) KEROELR-> T3,

®224—1 bHABIZHTAEHERAKEOIXCRR
(B4 : M,/ Nm®Hz)

17.6 .
2.9 2.9 2.9 2.9
14.1 — — -
- 27.6 ~ —
49 4.4 54.5 488
0.4 0.3 0.5 0.5
at 39.9 52.8 74.8 67.9

¥ B AR : 39.3 F,/Nm®, A& — Ui : 40.0 1,/ kg, BHMHK : HREHSERRTESN B

b. KEITRLX—K/(ZLHRN
KETIE, HPEINF—EBDEHRTITL D, 74— K Directed Technologies #AKFER
BENHIEANOMKRLESZEE L TTROL I REERfTo TS (STRMAD)
O #EAR - A YA b RRAINE
- A Y4 bKkER (5ATH)
ALY A LAY - VHE
- AU FEEMA ML (Barb)
BERKERD N T v rmE (MAKERESEIZRE)

- @ ftiaEES 0.5kg (11.2Nm®) ,/H~50,000kg (1,120,000Nm?) /H
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@
®

AR BHERY X ($HEHES - 345kg/cm?)
27— 3 v OANGEE, RMIEFERN,
BatRR (K2.2.4-1)

* MOEXFCRENTVAREDOKRBE LA AIC L2 KEI R ME, KEOBAHAY Y

Y INFED iR (KEDOER) LRLVAVTH D,

AL P RERHZAWHE L HBEAKEDO NS v 7#EE, PHEL IFAICEL TS, Hi

HFOHADIAX MNDBEN, YA P RARAINER, 75 0 VEEED I NTI—-Bo o
2 MERDSHIGEIC 725,

c RAAZAWHE, A% —NV&H, BEHMARMZRB TS L, REAHTIBEIBRDH RV,

B-FHORRHZDOAFHRERBHT CTRAE R TH D,

C A VYA MKERIL, MY 27 ACEL TV, 75 MEERDMINE, H8E 5

®

~10EHDNZATFLATHHAV ) VIR iREE bR RS,

ODEHICBIT AR/ RE OB

X 224—1ic% 224—1 ORAKAHAHE L PEM KEROERZ FLICE LT (120
A/$LfiE) BERAATH S,

B UHAGRE N ORECHB L2 BE, KECORFIGEROAPKEIRX MEIR V., H—
DORRE, RKEDHBRRT ZHEECESBMPIRN L TH D, iz, RARTAREIK
DT, MEBUADIR N (FLLTT7S5Y 2R N) bRETCORITDADELR
RT3, BEEREK (BARBNEK) &, MAHORKS L HIZIHUBEBAVLSHA TN
30T, Chid77 > FERBEROBVWICERTSLEZI TR,

— % ~— Elecuolyzer (100 qty)
. . — -8l — Electrolyzer (1,000 gty)
100 — -A — Electrolyzer (10000 gty)
= == — Elecirolyzer (100,000 qiy}
| On Sile — & — Elecvrolyzer (1 Million qty)
MA — e
S . (\ ]Tmcked-ln LH2 l BOC LH2
On Site B ——— Praxair LH2
Electroly AN, \\/ ——@—— DTVIFC SMR (1 qty)
@contsAWh)| | & \ Y —————— DTVIFC SMR (100 qiy}
— A \ DTVIFC SMR (1000 qty)
o 4 \ \ DTVIFC SMR (10,000 qty)
é i "= ™ Gasolinc ($1.86/gal - DM 1.84liter)
>0 » ) \y\ X Gasoline ($1.20/gal - DM 0.58/liter)
8 % T ) T wan sww | wm . FITNRSIS Gasoline (S0.80/gal - DM 0.3Mites)
O w1 ~_ *S" PEM K BR (B F) -~ A=~ Al Products On-Site SMR
=] M QN SIS N ~ 1 | ] Air Products [H2 Plant
50 4 A W_ - ~— N 'jfr/.mx&a(am X  BOC On-Sie SMR
) 5 8OC LH2 Plant
-~ R A .. O
S R~ x\y =5 Al ! B Praxsir On-Site SMR
g — —==¥ > —r :
) — A Praxair LH2 Plant
= Band )
wutw-uu&vmﬁm&‘w@; E" PO AN g A TG
L\M t LH2 = Liquid Hydrogen
! BOC = BOC Gases
1 i DTI = Directed Technologies, Inc.
1 10 100 1,000 . 10,000 100,000 1,000,000 [FC = lntemational Fuel Cells
Number of Fuel Cell Vehicles Supported SMR = Sicam Methane Reforaer
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(2) B#FENERELELEBL TOXRORRD

RIHODLHEIZ BT 2 KEUK IR F OBREHERICE ST, KERBERETH L ZOAth
OBEBHEOMB I X b & LEB L=,

BT O BB Offitg & R EM A B EAKROMKR 2R 2.24-2 IZRT, /=, /N
N REELUCHEBERSE (15677 km Ef7) OBBREAB LR E2K 224-21C77,
HEHEAKERBOZEFEICIONTRDZIEDEX %,

cRABRY- DO (F 2.24-2 O X)X —Bfi) THBZL, KEIORBLLE

fficdHh2,

- REERE AR D ORMEROEN, BEIXMIKEIEETS,

c RAAAHEKEZZHAVW2RBEMBHET, TR LT -EHBHO DT AT

LD MR RS,

- B HBERE - B3 A RXOPTIEIHV ) oS 7))y FEOBKIX FHBBHEN,

- KEROBE, HVVVHE (NS 7) v FEERL) D LPGHEDHEAITAEERRL N,

- KEOFH &2 28 H 2 Offildid CNG BHiEAORESEBELTWSH, FURHH

A%EFHTS CNG HEELHKR LT, HFHEOMHNIZ & LTKkERHERBT)
HOBFEDADEZLR>TnD,

c XY —VIRKBHEBHHEL OB TY, RARHTIABBEKREHEH T2 KEREEHED
HOADBERTH 2,

COEDITKEIL, BHRERER-IATHEBECIBEERBLDIXMNETH LD, R
REMEBE L WS KRICHEL-RIAMEZ2HNLZ LT, BRY—EX (HBHECIEET)
DLIATRANITARIRNEFHEETILIKER %,

B (T 157 km )
2000
1500
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1400
1200
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0

#H H H s 7 L C A A x =
/ Vi v 1 1 P N 5 ¥ R W
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S TR Lo kR
¥ B” 4 B =& r B ® B
r | 7 T W > 8 O # O=n
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(3) ZEAWICRRILT ST LG

HE CORMBGERICEDE, EWVIBRICBOTOKERNELE B HHIRERNICHIT S
ATLBEELHTHBE, TBDELBHTHS,

F9, KERE - HEIZMIOWTIE, £ 2.24-3 bk 224—1 ISR LI-EEH
BL7zo X POPERTHEIKREVDIE, RIEBREFBHE (WAiHR) ¢Hb,

RIEROEIZR D DI KAMERERBEORRBE TH D, RIFRBEIT, & 224—4 7
LELBOREN23RALARISATVIN, ChiZKRAL 1 SHISAZBELEZLO
T, BREFEPHMAZICLEP> TEEI W ZRMBIIMAYICAENWEE LI SN D,

FREZ3OI2BHIE, BBHHROBlE 75 POZRNVF—HETCH I, Thbico
WTE, EWERICBWTESRIOBEBED S KEREMIRVWEEZI SN D,

WICH@I X b TH B, ThidFE 224-6 CRTIDICBERERMIOPE LTHREL
Tzo Thbb, TCTORERME  /NRENIZBTAHYY) VHOLERRAN 319 FEL
RELoNh2Zeh5, KERNEMAHHEICOWTIE, £ 2.24-3 127 LB 40 [
/Nm®*-Hz2 CBWTHIERBAM 319 AR R 2 L5, Hliffilgs 245 FHAE&RE L=,

®224—-3 KEBRHELEHENEEWICRITIORATLAD KEGE-#BaRH

H A IR b e &
(F./Nm?3-Hz2)
Al 17.6 KIXAABE 773K, 300Nm*hr
MNMEE 2.9 1 A, %8005 H
LEE A 14.1 ER T H 2R 39.3 1,/Nm®
B A 4.9
FOMr—F 1 T4 0.4 bk, TEERK
& @ 39.9

R224—4 KESHEUEHESERQICHITEHAT LA
(@ XBRHAHHAKERT—LavDRER)

IH H W @GN w %
WEEE 61 Aol —VB (iR, S, B, AR, K, flEReEt)
EREE 47 PSA
H R EAEET R 43 J£ /7 20MPa
Z Dtk 40
2 B 15
T ¥8 20
& @& 226

) kFERESEES © 300Nm*hr
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C OHEFERE 245 FHONREEZELE-DNE 224-5 TH 2, AV ") L HOHG{RE
150 FARSHV Y VHEED IV R—R 2 FEREELSIKE, LEBSOBRAR 120 TME
B3, ok 245 ML OESE : 125 ARLUA, REBRAHE/EOI L R—2 2 VEA
ZINDHD LBV EICRD,

MEEMABEEEO I VR P LT, REh, —kEHw, 2> bo—3, £—
b, KERZESY L I BB, 2DH>B, _REM, 2> bo—5, E-FIIOVWTIHY
DUNAT)w FEHBBEICBIIZ2EEE#VH I LS, ThESHBICEALZHE L TEE
Lo BB L UKRRESEY V7 3BEOERIERNWOT, BRERO BIRHHS
POBAREELED, KERDEMO M 10 TH/kW, KkERBEAE (TEEEH 2%) O
il 3 TH/kg i, BIRBERE LCIERATHEEOSH 2 ZURMELEEZI SN D, 1B, K&
BE#RE 2.2kg DIBE, /N TIIH 200km OHikREBEDSHER T E 5,

ZD&BIZ, KERHEBEIHIT, KERHORE - fHGOH» S D, HEHI X FOEH
5, IHIA—P—IZL>TOBRBADEISS, HV ) HLESOBENEETIIX
FLADBETEIEMEIHDIEEL D,

22245 KESHBHEHESARENCHILITLIOATFLHA(OG EHIARL)  BE:FA
HV ) VE 7k#& FC H# H %
HEE s 1,200 1,200
VYV EEER 250 —
Z Dty EE A 50 - WMLy L2, A 2NBEES
R E — 300 10 FF /kW X 30kW
—_E - 200 8 T-H /kW X 25kW
A4 - 200
£—% — 150 B AH| 71 50kW
KEREEES 7 ~ 400 A% 3 THx110kg, KANEE 2.2ke
& & 1,500 2,450

VE) BERE NN

®224—6 AKEMHEHLADESERNIRITIVRTFLHA(@® BEEEN

AV E k#EFC&# ]
B % @@| 1,500 FH 2,450 M
3 =¢ () 8 km/1 8.11 km/Nm® | k¥ FC &=k H V) L HD 3125 & U=
HEESTEEME ()| 150,000 km 150,000 km | 15,000 km /4£ X 10 £
o3 S8 Liii] @] 90/ 40 F§/Nm®
HEREE ()| 1,690 FH 740 TH ()< (c)/(b)
BEBRA 3,190 TH 3,190 T | @+(e)

W) B BN
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2.2.5 XREDEBLUKREBAT— 3 VILRBIERS)

(1) ¥REBEDERS

a. EREXHWEOHRE

HOHPETIE, REEETTLEMIINT DAL UC DNEREZHEIRE PEDSN TN D,
HFE R AL EREREMICBE T 5 SR, R, BRARE., BHEBRFIOW
THRELTED, AP LT DEREXEMORZHESE) | THHERARERAL 2EDH
%o ERERFMEDEANE L HIX, EMOREM L NEIEMZHERT 2 - ICHEDE
HOMREICB T 2 BEAED, CNEFRERNE L TZOROEMNRRAICL > THRT
HEVNWSTEIIH D

2R EGTTLHHHEITTET LICHEIRAE (HR) 220232 PHAITH D, 2L L.
BEEOH AT ALEEEZT 200K T, ZRICK D FRERROFERI GRS N D,

1HICOBEBRMSLEREL LT, dudd, offH, M7HEREDH D,

b. KREBHEOBEDNE S
KAAFEDH A, DEREEFHORLERE ) OHICKRICET 2addavan* (Fik
114 2 AlRprd) Sems, RAMCHNMREm e LTHRbND 2285,

* L HPERERHBOREZEED TEE R EEE T 5 HB#E ) O, #bamHR, TEFL oA
AREHTHEIEH R, AV VHAREEAETHELEH A, LS REH B, Tk#E F2E 1K
ERERDET AR LS ERER,

ZOESRBRICBNT, MAF/ERRZI AV ) VHDT 4 —E)VEZUE L TOKREY

FERE LAGAICE T8 & LT, HBIOKRBHHZRYE LZBEIE TAfFHE) £
ik THZH ) E UTRAERZIT 2 e R 22,

c. KEREHE
SOEE, AFHE, MyELLTCoRAR. HUBEDHmTH > T 1 ETLITHRAZ 2D
ZRENHD ., KERCET 2EMBEEDIROIRN FTER N - AFENIEMERADE I LI

ERmLUHMT A LI, IEHICEERIE N, KEHHHEOENOD=HICITREDSELH

PHET, ZOEDIIKEZEHHEIIOWTOHNEELEDZVENH L, LPLEDS, &

HEDETIHHMMEEDZ UL T2ICE EOBDEENTT Y DBLEIIR D,
ZDEHIT, PINNRMEBDTOEISEEDH Y ) VHO L D kKR EICEITT 58

2 (ZOHITBIT 2R RERED 2,8F) OHEE LT, Whwd TREREHE ) D5,

S RUFLL TSR 9B E R T O IR ZHEES 56 2D 4 AICH D D TH %,

(2B R 2 2% o b DR 2 HLHESE 56 52D 4)
HE KD IR BICODWTABIIED 2 REORHICE T L -O0EDNH L LEEL
it HEE LGARHEETFOETO O ERER F XIAEN L EORBRES L=

DI DNWTUE, MG T EFEICE T 2 KEDBEITEH LR,

- 103 —



INFETCRDOHIECAEETOHNEZI ARBBHICYSY - AR5 (KELV VU H,
KERBAEY L VFER) 26873 THID. ChiZLZOKEREFEICLZ2HDTH %,

KEREE2ZIT2BORUBEICOVWTIL., B - BEFICLSHETRNOT, BHFED
EHEOMYEE (AHEEAR) LHIFABTLIILLRS, ChETKKRERERZZIT
A=WV Y U HE CNGIY VU HEDOUE T, KERBHHELKEREESZIT IR
ZROLNLBREHEL=ODE2.25—1ThHb,

KEAEHEO T CREINBLOF—FICHINT, ERED NTZ2 LB I UAERIE
L, BBROBMEIBRWZ LARATE) LYK L. LELRERN (YZEHFHRORZEES)
DEM - LESEH»TONEZBET. YHEFHOKREREHEICK2HBVWEKRT L—KkoaD
HYEHOBWEZITEILICRD, DE D, BEEA—h—DBifFHE & ARICHMEESIC

1. HFESE O O @) kﬁm%%$ﬁ?%ﬁm A
BM, FRE %ﬁ%%\ﬁ
HERD HEE IR
2. ABREH A O O
3. RaoRADiTHEHE (B) @) O O
4, Wi - REBESRESE O @) O REAHEIDEEL BRI E2H
. FERES - REOHHE B
Q. BEBIENRERIAE A O @)
@. BERFILAESAE A ©) O
@. P H AR EHHE O O O KAEH
5. ik O O O
6. A\BIUEIX A ®) O
7. FEfTMEERHRRE A o O  |mupzE
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9. EEERNEREX A X O CNG D —VTCA—-YER
10. ¥+ 24X (ERX) @) X O My R UNCEE
EEEE
11. REeiAX A X
12, RREMEFSREE O O O
13. ABpEE (%) O O O CNGeeeereeee ik, EE
@. #FoflledR (E&) A¥)—)--ER
Q. BEHRREE O 0 O JE BN L MM DA R T
Q. R HBRARIEE A @) X ZhITES RIS HEFES
@. JREMEEBRE R @) O O
®. P 2FBRRER O O ©) CNGeerevreer TARTAXHR
©®. AEXBRES e O O AE )= QDRENT —F
@. BHERH AR A O X Z O ARER
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HEOWTCEZOHHEERE L. AHESBORAIAEFZTOAHELBATESLLSIIR S,

B, CNG HEHOBAE, LH4FETRBHTHRAEEZOALZIIMATCH- 2120,
SEEL UTRE - BR LT ROERIEKRZEHE L TEES & 2 A5 KEZEH
BICL2ERICHBIT LIz, REREICHITZ NETOEDICHERRER EXIAENIE Lo
BBy O BERMAAEIE. HERHZBRDMER L - B EHmEELSER I N, CNG H##HO KR
AEBNDEBRE W=D, HRWBEED S 24 11 » AROTFRTE 12 A TH o720 ORI,
KEREICX D BHFIN- CNG HHHIX 488 5 TH > =,

d. H#KRESE

HBKRARL LU, BEY V7. BRAEESY V7. MIBKKRSY V70 IEELH VB S
D BHES 7 LHHEKESY U VI DONWTIEREH ARZEONE (35CITBNTT—CKEH
IMPa Bl k) D). HEBLTZOBERS (F& UTABRIBN L ASRFELHNIBERE
B) ICL B8RRI 5, BBREBANICIE, BBOESR (BER LER, ARAR) . &R -
WAL E. FE)., X, HXORHEOFE, BREARLICOVWTED LR TV,

IO LEEEARBRRBIINTZ2HRRAEREIT., ¥ UTTEAARO/NMNIRXICHEHAT RS
ERELZLOTHD. BHHEARKAR L L TUETFHBECTELELDZ L 3H S, CNG H
HBAROHBG. T LEFTHAORHO 0. OFB 2O ALz L COERPNBRADRER.
QBBERMNEM - /20 RY vy MRBOMAN. R EOBEFEMISTONA T, CNG BHBEOD
EREEICHFES LTS, 12 LIWIBBHHEA CNG AHRICR- RSN <. B#HEAR
HEAHZ—BENRIZLTWE3DTIERVD T, KEBRIZOVWTIIRD THEEMD =H D
BRET - BEDPITEATOLENDH S,

KEREAESY 7220\ TIL, 35°CT IMPa ML EOFEADHE URIFNIZEEH XFLED
HMRIZIER SRV, KEVPAFERAL LUIF LWRRTHIZ LITMI T, BEASE S
NETCIRWRROITEAETH SO T, EREXHEIMEE ZIZMOM S rOERDO FTTOH
WHEOBMBIZOWTHRF TILENH D LEXbN S,

BHAZCPREOHEBE AR 713, EMELXEREOR RS, TABRHAOEES -
BREOHW D (HIME. (REAE. AP SOBEKRREICOVWTIBMEDOHELH Y, KROBE
HEBOENE 2D EEZOND, KENFOREYL LT, BEFSOME. T—wWh/=RoHK
WREZOWTIIREIDnELEZ 5hb,

DM, CNGEH, O HZXDEREZET A DI, IX 7 —-DEEAERSLEBE
RIKRBHBOHIRBHIDETH S,

e. MEEM X7 AICEIT 5 EHH

BREMIFBHEICE > TUIELFLWHERTH b ZOREHZICET 2 BB CEER.
BREELRV, BREHMEHHOERPLOVREIESWRET, ZO0LBEHIZDTE
MINBILIIRDZLEIOND, B, ISO (HBEE/LMAE) Cid 2004 FEI S, RHE
i BB HEOEROIREL OB AT 2 EI L OE#HOH .
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(2) 7= 3 >V BADERN

a. KROENE N

KRB XM KEIL, BEAXRLED 2R CEDHSNTNWS TREHZ )

(HE®D

B SULEE 35°CIcBNWTH —CEHD IMPa UL ESSHE) OBWEZIT 2, Fheh

FEREKSR : AR A R

WALKFE « WA X (TR H 2 ORBERET L, BALAR L LTERE->TLWY)
OHEENEHR I N D,

b. HAKK, BAKROIE - BAEDTRIHRS X RBGE R
H KR, WHKROIE - UBFOITHBIL, & 2.2.5—2 1R H X MBaEBIAERO#A 2
2%, WRBIUHEICBIL TX, A8 300m° U LOFEEETT > TV BREDPNRER D,
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B B
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1998 1.9 4.6 5 29.52

2011 2.1 5.95 6.39 29.52

2024 2.3 7.3 7.78 29.52 28.57 27.46 26.2
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FEHAM  (F/kwh)

7K = B fiffi 3 /Nm3 w1 A b
105 /kw | 165 /kw | 207 A /kw [ 2575 F /kw
10 9,7 11 12,2 13.5
20 16.9 18.1 19.4 20,7
30 24 25.3 26.6 27.8
40 31.2 32.4 33.7 35
50 38.3 39.6 40.9 42.1

—— 1077 /kw
—a— 1575 M /kw
—&— 2077 M /kw
— 257 F/kw
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[Sa]

FEHM  (H/kwh)
K FEH A /Nn3 %3 A b
157 1 /kw 2075 1 /kw 251 /kw
10 9.3 10.6 11.8
20 14.8 16.1 17.3
30 20.3 21.6 22.8
40 25.8 27.1 28.3
50 31.3 32.5 33.8
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M/Nm’ 755 M/Nm/hr 1005 F/Nm’/hr 1257 F1/Nm’/hr
20 36.7 438 50.8
30 39.8 46.9 53.8
40 429 50.1 571
50 46.1 53.1 60.2
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AF v I OMILTIEER 3.34-3 IKRT RBHRS v 7 IIIEBESEME) L /5L
—YEXACRAEN  BEREEEREEIRICERET 2. MEZRS v 7idBrEiL
— Y EROCHABERD MADRY v o %Y ) —XCRE L. SR Bsc B 24
T THEDMHFI XS v I T3,

BE&EREs—KY Fzov@ @A [poKr~x—n

Y Bemt (A5Y-)

)

OF £ WVZNEYNN -7 °7] -1 5%

O syt [ ]
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D _ETFACTBABFGAT -1 " N - % BT
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M 3.3.4-1 &/ &EEsk (M/E) O
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W aRASh > — b

O I—IRTVARE (#t1T)

O ==h— KRBT - AmEE

X] 3.3.4-2 BEBEEL/NL —& RUMBE /L —& DRy

-t ME BEEE V-3 P M@w% ME%?W%

AFEE AT RECHALR

(GEEE) (N &)

iRl [RBiR

bRl 5L Fy b

O HED(TI

AR T

X 3.3.4-3 A% v 7 #H3L
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3.3.5 MElOEEBIGEHE
MHROBEHIEHEEX 3.3.5-1 I/RT,

7 3.3.5-1 MEloEENIEHR (25 kW)

07 I Z2H w2 4D s #
(140%))
% |M/E Pt 8F-5" Vi 0.19kg | Pt 95g
F1— 2 #} 95¢
& 7707 (60Wt%) 0.2 kg | BIFE77/0  100g
H—Hh o R—)% 2.23kg | B 0.2mm
&b [ 3.65kg | & 160um
HRAWE Iwt% 0.13kg | BAEE S 0.13kg
RV —% [EEREH— 4.6%g | EX 0.2mm
Y- NI R EEER) 0.75kg
WEMR ) T i D 2.33kg | X 0.2mm
mitenv—% | BREHS— b 1.53kg | EX 0.2mm
2 > — VA 0.25kg
s CVIVREEHD
It AaiL s 1.17kg | B 160um
% | Wk TV IR 9.16kg | E&  20mm
A SUS 1.4 kg | E& 650mm
e F—2,F | 713 6.8 kg
GRS Fs7ov 0.16kg
HRBIR 770U 0.04kg [ & 1.0mm
S£E R # 5.32kg | B & 3.5mm

3.3.6 FIELRINX—

# 3.3.6-1 1T 26kW R v 7 OBBICETAOAMBIANF BT T, ZANTF—L LT
BEKZANF—DBITRCCH D, TRNVX—OHBRIRAIZLED>TEHE LS,
SRR B O BEES W) X UHERRM) X 2 5 kW LBHE/ 1 0 v b OMBHE
= BB X)X —EWh)
1 Ov b OUFKBIC OV TR GEATRE BUEICIONWT 1 4 0 KA. ZOfMOMAIT 1 K
B L. BELPEDIE. ZOMOUBEIED LBBUR P ATFEL R D BRIV F—

HR336-1DEXD S HITEHMT 5T LDHRFTE D,
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#3.36-1 B ANF— (25kW)

B F FRETRNVF—
M/E Begit 0. 33kWh
B 2. 33kWh
N 20.0 kih
IV 420.0 kWh
YV V-4 -7 VA 9. 40kWh
BN W77 VR 4, 67kih
IR EBLN V-4 -V 7° VA 3.07k¥h
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3.4 E&®

Al 10 FEIE FUKEB RS FERHEBOTIEZHE L. Xz, LCA OL-OOBHH
AR RO ERE T 2 2, BRE 2 IR ER O AR, RS EOHH, 206 H
BERAAEL UTOL RERESG

3.4.1 SKREARBI FRRHEROTHIBAR

flK ZEEKE S FRBRERZ KB TEHET 2. 0O TREHT . HAOEEDS
W BETH S BEMNITHL2R2ED6 ., HEHEAK & OHXERECR B ERIC
BLTWE.E - BREDENSO. F@HLANVBRENELEL WL REDREEL
DU AL SEEEBEICESEBVW-EBARBEBICOMHTE S,

UK EBRREBOIT R 5T EKBIRL 2B IET 2 BCKR. RERO #E, AHERO
fiiks B, e OBEN X PREBF oMb, AFEAKER T —2 a o R EKEMHR
8 DG, KZ OGS R EBORGEME 2 LS OBRICEGI N MBEROT
BRBEITD YD BREBEOMGCENMEOENRE L HETETRX LT —D
EHMEANRMBL. 2V 2L —2 a3 PRHE EHAREN BHABERR OB
HBEL., WE-NET Tiio K£8 AR PRl SR UED EREOTIBEARSL T
T2 Ab O R BNORM2ERE L IR T A2 LELRH S, LIPL.FO
DIZEBERKRFGHEET 20T, ARETCIIFHITNOEATREM ZRSTT 2L,

(1) BHBEHORABREIIIKERNEY — U HEDBL T2 RE O 15
ELTIE MW 0B RER L E—7 Yy NHREDEZ 550, RO RIIGHED
BEALBROTNWDL70 BHEFONIGEBE FRIT2 2 L8 L., 20O R HIREENII KK
ZOKBEADREE RDMA LKA . 2B HEXDPEHOREEENET 2.1 (kW T,
KR - R KN RERENIIT 1.23 8 KW T, ZDMIZHK 300 77 KWHETH 5,

(2) PEXR Y LT ALE i AR BB 0EEAI-V 22— a  ORBERR
1&#7 350 77 kW T E LA RBOEMIIK 30 5 kWHETH D, 75 > + D 80%id 5000kW LL
FT&H % 100kW 15 5000kW B ORKIEMDBAJGET, BIFE KEZRE T 2RIEEMR.
At S &0 LIHBADOEADEL S NZ . KDBEHOBEKEREED D b MR E
BOFHTEZ BN D RIE 51.4~171 J/ kW HISICBRETE 2,

(3) RAEBHLLT. ATV . BV, T ES8FRMTREOREAD—Y 2 %
L—>a ORBERBIIH 79 5 kW T HNRRBIIN S H kWHETH L. 77 bO 0%
iZ 500kW LLUF T RR Bt ASBE A7 2R 0l & RIS B 5 12 K& 25 FI/Nm?® LUF,
AR DS 16 7AW LUF, 2 L CRERMA 22 F/kWh BEICRZIZENH D, N5
DFEHIZIFKOBRBEREEDP T2 ) ¥ — IO L h E#HT 50 RAEEBHIIREICH
BEHTIBEANOEELRFE L RAD . 4914 NARBEBOZE RICIT BEICLSKE
DOHEEBIBETH S D,
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(4) MEHAEB®EE L LT HHETIE 10~100kW 0 THH, 10kW LL KO rf# i

Hifar &EUE 50~60 J7HET REET NIE 100 /7 kWHELL | & 72 5 BEF O & iRk X 4
~8bP/kth§“C“t<fﬁﬁ’C“?i>Zab\&fﬁ AT 2 THHAERIONT 2 EEEST Lo B KTk
WITEODOT, HLFREMEHE < TH TG EADMETE L KEZISHET L ADMRO
Wik KEY L 7 TG TE 5,

(5) HEdEkE & UT Blfe RO 8 A — A —FI A Y/ —) )V BN E
K ERRE OB ITIE S LT A 95 o B RUKERR B Sh T3,
BELEM AT 2004 GHIHD S HIFE AN E D OKEHGEBOEGICIE U T, 2030 441
I RICkhseRESINDE, HBEHOKEZT—2 a3 VI KRRAZXDALY / —)
KT, KEM, GIEKERN R CHEBEMNAS CHRENTEL20T AFEHO NGO/ E
THdH,

(6) Zofindise U C MM ENR . #HH . KKERREDD 2. REMIHFEETH
COBDY 160 J5 ) MET, %7z h 3kW &5 & FERIT 480 1 kWi LR 2, L
L EEERHICAKZOMBHENIRBEINL20X. PR VIFEOZ L EBDNLO T, Bl
ZIE KA RBER O R ERD TSNS al§EMED D 2. B, WD K[ET K
KA ZME R E R ERDI AR I N TS,

3.4.2 MRIBHAHED LCA 0= 0B EibHAE

INT— RAMT AL LT —~_ V3D NECARI © NECARI IZ## L L Hon 2 BE
DA w7 MarkT W% €7V BEARE A X2 aiidiZ. 26kW 28 v 7 OftHka#EEL 12,
YT - EMIE AR LB SL =Y SR N L — S OREREE L. LIV
B R R ERHOME, kR vy oFHEERE L BLAAHHERN Y —F
TN —=TIZHRIE LT,
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4. WHARFICEEY SHE - Rt

4.1 LI

fthOW G THG L T2 BK ARG U 2RO ZBDAF A OBE 2175 AW G
(. TRE T AERE D & KEDEE R U 1225500 & O SRS RER M R AR T 2 L L b
2. hOWG LT, PIZIEEHBEEWGDKET 4 —EN IV 2R L —2 3 VY AT L4
BEERW G TR O RHRE S TR D BRI~y 21206 U - Gl i £ U
V2T LIZDONWT, ZOEBRO VI OW TR R IT> TE

AWG T 6. KENSAE R L2 U RRGG S UTP S A—Bafbms, K
MV S Atk BERRZRG AR LT, BB BRIy 70 ¢ LI 5 A% BARmIC
Mg 5 & &b, HAZRNHT 2R 2MEFERGRBAIC L > THEBE 217> TEE (-
RO R 2 w2 2 7V O L B iids & V S ARTERO MBI MM T 2 Ehkata h
hs BEL ANVONTY 2T AICER LRWI EAHI L, FHEEE S > TR FET L
=) o

AT, AEEZIWGORKERICH D0, @A IFROBRIZHADE, LUFIIRTH
B SERONE LETT D EFERHS, B8R M =,

AR - LT,

(1) mELIRILV S ALDOBEESLE Y 27 LI OWTHS 26T 2. S 612, BEEK
AEXFEACHRIE L LIC L 2BEOEULHIERE UTRE Lz, AKEBBAHAN) D LT
LA ML INEDEETA INOREILEIID S0

(2) WGHERD S E 7% > TV B IERBOERIBE DB FERMESFIC BT 272540 X 51
MADEEEIIET 2 7-OOMEL LT, MEROHMYEENE T 20E L OW TS
MAZ5 GHIED IR b &ET) o

(3) fhOWG & D#OVE (FFICEEAEMBIEH L) 220505, HKEMA&HICHE
ERMRT 2560 EHIEIC L, BRMIZEF y— o7 v 7IC L > CEHEHZBIRT
%o

(4) FAZEBEMPORED -8, HRICLER) —RY 1 LO¥re. FFoEs (EEZ
2000Nn'/h () OBEEETTD o

THdo

HIZAZ T, YWGOERZTROBREIC FAKMTEZ L5110, FRBEICHLTOYRT
L7 O—, OKRes (BEsEEk, MHHES) . QRMI R b, @FHRHAL, OARELED X
b @OFANBIRED, aRETHNUL. N— RBEFEDZ0HD Y — R F A Lix &2 /RERZH]
R B R all U AP

RB, BEMGEOEARME., BRSNS FRBED~OMEAEEEE (1651Nn'/h). #IEIX
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96 Vol%LLE& LT3,

LLEDE > RS E > TRRBEBELZ L DT LOHTVDIOT, BRICOE2EEHEROE
LIZdHbAAH LD LIBET LM, KEZFNVF—OHMMEMICERR O ERD. B
ROFEITIBINIBICIERIFLE I AREESEIC L QW EEEWER LR 5,
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42 FHEBRERERE

421 FEKFFIAHe 7L A b YA O N EBRVERBOESY 1 VL ORE

MAERE, RELKAZBERAZRIBLILICLH2BEOBULHIIERE LT, KEHE
M He 7L A boY A VNV EBBERERBEOEAT A VIOV ETT 2. 2O
TO0+2 &K 421112757,

e KELIET. He 7L A PP 7 NICEBATH, BFEO I EARENMNEE
THRIN-®%. MEUARBEOSLERBMEICEAIN., SHICHAENINEIND, /=,
He 7L A b2 U1 2N ORI N A LLEIEEL XVOBSWIHREBHICAHT S /-
I, HEZEGZ2RBERERE T TL B R2EhECTHEMBL. L%, &H
CRBERENETAN) T LAOMGEEL NV TISICEHTZ2 708 R LTS, KR
JEME TSR U BB 2RI ) O L ORZHIZ I h mAlanbd, Thick . BRTHE
WmTs2maLitgL, KRN EEMTZILNTE D,

HEEOMM T, AEG 70 RIIKELBRELEBARBIE L2702 HE L,
KEDMEFIHEIX SN D, SR BANITEONEERE R o Fz0 KEEIX. KFEHEFAH He
TLUA N YA NV EBERERBEOESY A IV VORELEITS I, HeT7 LA b
SHA SIS DIAY Y LAREEE(LSE, BEHAFRBMAEREHRL. AV DA
EKEOMEMD HIFON D BAMTBERT, FRBODRUIONWT, 7 V- ET
> 7

et LIS ONT, RSN TV EMEAIIINEHREL, WX b2 HE&T
L&k h, Sho#EGY A 7 VOBt E T 7,

(1) 7'o -t X B DAEEM
a) s B # A
WEEERRICBAY —F L VN —TTRILTNWDZ VT LD E, MTIZRTT
— 23 DOFRFTHNZEITO 2,
LERES T 1651 Nm3/h (100%8EHE)
FE#IE /1 :  10.033 kgf/ cm?2 A(0.9839 MPa)
fe#ME :© 96vol%LlE

by K F MRS —F 1 )5 1 ZF

A )Rt

5] 1.033 kgf/cm?2 A(0.1013 MPa)

g 30 °C

953 80 %R.H.

FHK N2 78.11 vol.%. O220.96 vol.%. Ar0.93 vol.%
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) Ak g 30 °C

IN)AROK %

WE 3302 Nm3/h

JEJJ 10332 kgf/cm? A (1.0133 MPa)

EE 63 K(EED 3 AANEDIRE)

=)t e 50 Nm3/h

T)RILPRR G ORI K 2 0 X R dh ), ke KB JTENBREZR L 2.0

AJHe 7L A oA o0 etianNs ) D LR

(4211070 ATE AU DLOGBRAEHDNZMAT =012, FRZEEAD D
LOMEIEEE L~V T L. %ibthﬁﬂé«U@A@@ﬂEMMfmﬂté7nt
2L LTWb, D, NI LOMBEREICL > T, KBEWEOIH L. B
H£OBEFUPATICEE T 2. ARG TI. 7DtZEEEL AR IS TR A2 DL L
Rk E 70 v AT D @B TR IR EARRE O R AR ROt R A A& 8 T
ANY 7 AOWEGIRE R Z RE L 7o

ERZRBORNEE XTI ETOT -2 TH - OBICHES &SR > 20
1) —Z (AR EdE)

{KEEHENE 2 IR ARIE Z TIF 2 CHMEAEHHT 2D O LHGKRES T IT 2 L8N
HbDo TO FRRAIE. IR HEEE 2 OWARE DY@ 245 D BfaimE (123K sk o 72
LricN T 5, KT —ZD EAMZMED Q-THMEX 4.21-2 1257,

1) — 2 3(ig i)

AN LOMIERE RS TDHE He 7L 4 b YA 2 0VOREE M T 20, #%
ZEGEEE ORI LR OB N ORIMNT 2. £/, NI D LOBREANFAT S
i, ROMH FRTH 2 MHAVKEE LD SEVRETAY Y ARG L. EREIAE A
TELLEND D, LED> TRAEEIX. FALRSBORMBEMEICRIBEL RS,
KT —ZD LSO Q-TRX %X 4.21-3 127396
N — X 2(FR R )

(R 2 OIRAIRE R T — 21 & — X 20HRRE L Lo A7 —20 B
D QTN AN 4.21-4 1217,

BT —=ZDAN) Y LG FERF AR &R 42111205757,

(2)gh 11 B D HLgg

He 7L A bV a0 EBEEVEREOEGY 1 27 VIZDNT, IBETHRLE3 r—
ZDT7 O ZADEEITH 2o KRETTIE. ANV 7 LOMARFICTH T 28 HFEBAOE
LERARLZONEHNTHZDOT, EUBIIBTLBERNT -2 Lz, 7OR2EE
»@mbtm%%®%$%&4zyzbm¢o oo BT =208 IEB{ OB E &
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421312, N LAOHBEBEEIIHT 28 HOREEZK 4.21-5 127,

F£4.2.1-1 BT —2DOAY D LAOHBEE
r—21 r—2 2 T—2X3
#45E /1 [MPa) 2.026 2.026 2.026
fHEE [K] 140.7 152.7 166.6
R RED [kW] 144.8 154.8 165.8
(EIRHE 2 O A
BE (K] 128.2 148.2 180.2
F1)422JH0He 7L A P YA 2 NVOBEERARBBORZHRAR
®4.2.1-2 [EExMORHE
[ R EE 2 B B [%]
/58 SRS A
gy —E > 60~80
09—
W7 50
BB 2E U Mas 50
£4.2.1-3 E7r-20HEFEBLOHE
r—21 r—22 r—23
FHZESHE [Nm3/h) 7970 7970 7970
eEREE N [kwW] 619 634 656
HeZ7VvA oA oN
4 [kW] 74 84 95
LE& S [kW] 545 550 561
RREFERE [Nm3/h] 1720 1720 1720
KRB EME [%] 96.0 96.0 96.0
MEOINEK [—] 0.998 0.998 0.998
FE R 81 BALKWh/ Nm?] 0.330 0.333 0.340
KEAZHORE [K] 180.0 183.7 193.7

#4213 RUM 421512 LEESIC AV LOHKBRESEL RSB L, He 7L A
FoUA PNV TRET TN 2D, BERERBECHEBESIW @AM ENL LIS
MINT 270, 2@ EAL. BEREGFRBALHEMNT 3,

—F. NI ADOBAEEENE L RBICHVKZEOHMBEIIE 2D, KEOBAF

AEERLELTWSZ EBbh %,

BKEZEEANV D LOBRRTBRUEHEOL I L)V F—DXDHER
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KEBEANDVDADPSBOLNAIABRKARBIIOVWT, TV NVF—-DIZLr2HBETo /=,
TN F-bid. RELRRIFRD, RELEHERBICIEZIICCROH LB RAML
HTEUToATcRINh D,

E=(H-TyS)-(Hy - T,S,) eq-1

ZZTC. HIHED L A W E— TEREORE. SEHEOLY boE—ERL,
HFOIIRBREBEER L T2,

AR cik. RERBEUTOLIICER L=,

BT e, : 1.033 kg/cm? A(0.1013MPa)
BEEET, : 30C
BT —2 BT 2 5HEBRI UGS NI BRRAEBER4.21-4 RUK4.2.1-6 IZ7-T,

#£4.2.1-4 BRBBIROII 2L F¥F-T1(L
J—21 H5—22 H—Z3

AKEOBHGEE [K] 63.0 63.0 63.0
KEDEEXEE [K] 180.0 183.7 193.7
FMAIhEAKROTZZLVF— kW] 197 200 207
FAShRPoEKBEOT Y L)V ¥— [kW] 40 37 30
AERZREBEEF CELIE Kot

WV¥— [kW] 237 237 237
KEOBRRHIFBINEE [ 0.831 0.844 0.873
A LAOHKGIEE K] 140.7 152.7 166.6
AN LADBEEBE [K] 199.4 217.3 232.7
FMEINZAYVSLADT 72NV F— [kW] 115 101 82
FEXhELBAROI LNV F— kW] 312 301 289

% 4214 25, FAINEZKZEOL V2V F—EAN) Y LAOUBBENE I RDICHR
W, DTRITHEIMLTWA I e Hah5D, £, KROHDOBEIX 180~190K & EU A,
REREZ TRLIBELLELEONIERERLERTEZ E. 205 b D 80%LL LidME
RMEERBECHEAIN TR HRINE, N U LAOHKBEBESEVWRE. KROW
HMAAZEDPBE I R>TNWS,

—H. ANV LARSHE LI BARAHEIANY Y LAOHBBEBENIEKREL, kFL
AU T ARSB/LNIZIBAEHEE. AN Y AOHKBBRECET L L ICHMT 3, Zhit.
MENERE CHATERMTHINY O AOHKREIMENIEEMTEZ L 2R LT
i3

Wiz, I NMAHIED LS THAIN T30 2BET S 201, fiKahix
J7ENF—LEBBBOI 7 ENVF—O XKD Thek 4.2.1-6 RUX 4.2.1-7~K
42197 T N U LAOHKBEDN LRT 2L AV D LADLHK{INEZ )V F—
I L. BEEEHEOT 7LV X -0, ERZ/BO 7NV F—0 MM L T
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%o COKR. AEPSEALZLHIEML. BARBUIRESRD I END Do

£4.2.1-5 BERERBEOIVIEILF-—NIS52R
r—2x1 r—22 r—23

INPUT JFHZEKOTY £V F—

kW] 110.4 110.4 110.4
YD LabhsitiiEIhs oy
) — [kW] 115.4 101.5 82.5
He oA hz 22N
¥— [kW] 199.5 202.0 214.0
NS5 Z 43 kW] 168.4 183.3 205.2
&at [kW] 593.7 597.2 612.1
OUTPUT WRZ—E DLy L)V F—
02 (kW] 5.8 5.8 5.8
EBRZEREMmEO T 7 V¥
—D 2 kW] 147.2 149.6 151.3
FRZBBO L)V F—D
2 kW] 113.4 1145 127.7
REBEEBROL 7 VF—D X
(kW] 165.5 165.5 165.5
BROLIELNVF— [kW] 43.1 43.1 43.1
BEOLY LIV F— kW] 118.7 118.7 118.7
& kW] 593.7 597.2 612.1

4) EEY A 2 WV OREFE R
BE LTEZ He 7V A b YA I VEEEANGEREIC X 2BERRE T X b &2 BT
i 2o '
ERELUREAY A VVIISERRELBE L TO2MBIC I DB TN 2720, il
SHEIXEN 2 DT RL, BEOBEIZR M »S, ThICHATEZ2EEIX M2
BL. ZOIXPMNTCEHBV A I NV EERTE L2024 T5I IC L.

a) HIRMEEDO TR M HEE

BRI L REBTHBINTE D, BEARDBE. BEBEROBETIR b HHE
T3, SHIZTEANRAA—HO2ERE P SHEMEDO IR b EKDB I LI LT,

EEDOTEHNZKTF 5 HORMEEN R LBREHE2E 4216 IT77 2,

ROMEIR MI, RIERSFERRRRTE->MTH 2,

SELERBAERIE. 16561Nm3/Mh, T74HH 2360kg/h OBEREICR D 28, WA
EEFHERE L. MWEINIBERZBEBED—) —CHET 2L R3 L. BABEERED
12,500kg D KB DO+ I ML —SBTH, 5RMIC—DOREERITILELH L2, H
¥ D RER TRV,
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F4.2.1-6 REROIX MEHE

LN ES BMERHZ W HREBE
RIRGER[A A m3) 834 1,467 2,351
RiRe2BA M) 38,358 18,010 56,368
EBE# 2 M*[M/Nmd] 49.0 13.9 24.0
*i¥) IRFEBODOEKRIL 0.101MPa, 35°CTCODfEE % X, 0.101MPa, O°CTOHARICHE L

T,
b) IR P LEENEIX b
BRI P EEBRERATZ bOBRKRIT. SIFEEOREREE S4 ML B LUTORET
BE L7,

FA.2.1-TEREEDIZ P HEFEHE

HE Kl i %
FERIBFHRFRI[h] 7,920 5% 3,300h IZEEEHFIA
BEER[% /] 185 (RFEALEnG
AER[EFH] 42 7TEHAM/AELS A

BESHES  EARS[F/KW] 1650  HESHE
REI[F/kWh] 1114
wWRA[F/kwh] 615

BRIk R Y - 8

WAKROBBIRERMTHEI NI HDOL LTER LRV,

AMEBD S5 AL, XREFBEAZONEREEBEL RS-0, BRERHTCHIEEH E
BEDBREREE 1222 EERE LT 1 2/EO3EHARREER LD T
H5o

COEIBRFHTIBERGEIX MIUTOLI RIS,

R'PC

X =

+Cy +Cpgp eq-2

Z 2T, x[M/Nm?3) : BgFERIE I X b
Pc[M] : & X b
R[-] : BEBLX
Q[Nm3/h] : BEFRFH B (100vol % H)
tih] : FREERRE
CL[F/Nm3] : AHE
CEP[[/Nm?)] : EXREM = EIIH

21T,
FRARZEETNE. BERGEIX b xPLEREIR S Pc.
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P =QR-tx_Q-t-(ClL2+CEP) eq-3
ELTHRETZ Do

BRRLRE LR Cepld. £421-6 LD, BEOEHHBAI%Z SPCKkWh/Nm3 & L,
HAEANEE CrH/KW. B, KOEBESKHE2FNh2h Cpo. CvF/kWh & Thid,

12xCy -SPC  SPC-(Cp, x4620 + Cy x 3300)
+
t t

LkdHoshid,
HEY A IV )NVORN CHREOEBIRBADIR/NERDDIE, £4213D7—X1Thbh.
0.33kWh/Nm3 &2 5T\ %, FHHIRECHEREOE % 10kW & LT,

SPC =0.33+ 10
1651

C EP T eq"4

=0.336 eq-5

&9 5,

HBRO- DB EORREISRE CHREALFRTHEET 2 7020 THEBKD
FHfi 24T 5. #l& UTHD EiF270€ 22K 421-10 25T, 2O70 XD HFH
fzid, 0.552kWh/Nm3 x> THEH 3, HEY A 7))V LRGSR OES % 10kw &
LT, SPC=0.558 ¥ ¥ 3%,

c) A&l D REFM: M
COEIITULTKROLEBERGEIR M ERBEIX P OBREK 4.21-11 1IZR-T,

eq-3 KL PRESIC. HUMEREIX N 25X 2HAV A VNV EEBRKEDOIR
FEZ, BICRAUTH2RBALR>TW3, TOIRMER, EDIFESY A 2 NVEBHE
DIARX MEIFABEEER %,

£421-6 R UEMEHZRIR MIRIGT 288EI R M. RORDL STk D,

R421-8BEIR M SKOLBRBOIR B

&I b
&% X 53 13.9 1/ Nm? 24.0 F1/Nm3
HAEY A P NVEFEIZ MEAM] 518.7 1,233
HE7DYA&mEIX MEAM] 337.3 1,051

SHEREH LTV ABERERHEEE 7O LA TRBLERA. £42180B#EI X L
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422 AkXAMFAHeTLA oA LDRY

BRKRPBETIHNLBEANELBBOELE L LTADCHAT I -0, BEK
HEOBHAOFBM2EMT A AT LELTR 4.2.2-1 TRTXI3RHe 7V A b
VANV L BRANEEBL2HARE L7 0L 2 4.2.1 TRF L,

4.2.1 TRAZSARMAHe 7V A P oY A 2N EBENSERBORST I 7 VO
BEILZTO>-HIK, He OB BEBEORRDZ IV —RUE2>LWTHRERNEREOD S
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MXBGRE

ik 8 AU DAL
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- R0 y—-E> AT Lyt

L] 0.71MPa 2.03MPa
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X 4.2.2-1 3T He 7L A b4 2 NVORKIEBHEHIKKZDOSHRAERFAL, &
BMAENNINEZKEZIFOE, BMEVUERBE CERAERBICLD IS ITHARP T H
z}

Q

He 7L A b1 70V ERGEEHRIMEERILHE LS ROED & Lk,

-mItEH e FE 2.03 [MPa] (20 atm)

-{KItH et B 0.71 [MPa] (7 atm)

LTV oy Yah# 85 [%]

- BR S ES A & 90 [%] mitk

KK EOBANBEE  20~63 [K]

- Wk KEZDIE N 1.01 [MPa] (10 atm)

- WK K £ D 0.082 [kg/s] (5000 kw BB ibh~OHEEEE HE)

4.2.1 cHEYV AV VORELETS OB LEHe 7L A YA 7 VDEN
. 2> 7L v AILIHe®BET 2 40 K LT, BEREEEANHeBET %
140.65 K. 152.73 K. 166.56 KIZEE L =37 —RTH 3, IEHERERX 4.2.2-2
MHEM 4.2.2-4 12, FEHERZ2FILOHEZDAREK£4.2.2-1 1R T, £ 4.2.2-1CiF 2
PT7L oY ATNRET 530 K, 60 K. 80 KOBALBELIIRLTWS,

£4.2.2-1 He7ZLAMH AV LEERR

AR EXE aL7L v | BEAREREETO | TLAMYH AN
AEE (Tg) | ATNEE (T) AX ML B B B E N
’r 140.65K 30K 181.02 kw 110.01 kw
] 40 144.80 73.79
2 60 101.87 30.86
1 80 76.88 5.87
’r 152.73K 30K 191.77 kw 120.75 kw
] 40 154.80 83.79
A 60 110.26 39.25
2 80 83.82 12.81
r 166.56 K 30K 203.95 kw 132.94 kw
l 40 165.76 94.76
2 60 118.85 47.84
3 80 91.00 19.99
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WORKING FLUIDS = H

ELTUM

CYCLE EFFICIENCY =50.960 %

POWER QUTPUT =73.79 kW

TR T =40.00 K
s i P =7.00 atm
P =20.00 atm Q 9 0.000 kW -
H =-1342.10kJ/kg
W =-513.24 kJ/kg ||~}
TURBINE 1  ALTERNATOR [ COMPRESSOR
POWER=135.43 kW
EF =80.00 % WORK=61.64 kW | y = 0. 476 kg/s
Q= 14480 KW -, /T =144 65 K | e =es00
HEAT SOURCE P =7.00 atm T =64.62 K T =40.00 K
H =-797.77 kJ/kg P =20.00 atm P=7.00 atm
b H =—1212.80kJ/k9 H =-1342. 10kJ/k9
7 =20.00 K
T =140.65 K P =10.00 atm
P =20.00 atm e H =-249.53 kJ/kg
P=7.00 atm |[EF =95.00% H |
H =-797.76 kd/k W =0.082 kg/s
/ke T =68.62 K T =63.00 K Vol w 9
P=700 atm ||P=10.00 atm (97 ™"
H =-1192.90 kJ/kg| |H =616.46 kJ/kg
REGENERATOR COOLER

X 4.2.2-2

WORKING FLUIDS = HELIUM

HeZLA B a20L

HERR (T;=140.65 K)

X} 4.2.2-3

HeZ7LAa b2 a2
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POWER QUTPUT =83.79 kW
CYCLE EFFICIENCY =54 128%
T=216.71 K 740,00 K
o J P =7.00 atm
P =20.00 atm Q 3 0.000 kw -
H =-1342.10kJ/kg
M =-422.22 kd/kg [T
TURBINE . ALTERNATOR 1 COMPRESSOR
POWER=144.09 kW
EF =80.00 % — \WORK:GO-30 KW | W = 0.466 ka/s
Q = 154.80 kN —>, T=157.37 K EF =85.00 %
HEAT SOURGE P =7.00 atm T =64.62 K T=40.00 K
H =-731.67 kJ/kg P =2000 atm P=7.00 atm
) H =-1212.60kJ/kg | | |H =-1342.10kJ/kg
T=20.00 K
T=152.73 K /1{p=10.00 atm
P =20.00 atm -~ H =-249.53 kJ/kg
H =-754.68 ki/kg ||T =157.37 K VVVVWWVY
P=7.00 atm |EF = 95.00 % l/_‘r ,
H ==731.68 kJ/kg W =0.082 ka/s
T=60.26 K T =63.00 K P A
P=7.00  atm [|P=10.00 atm =
H =-1189.60 kJ/kg | [H =616.46 kJ/kg
REGENERATOR COOLER

BHERR (T,=152.73 K)



WORKING FLUIDS = H

ELIUM

CYCLE EFFICIENCY =57.165%

POWER QUTPUT =94.76 kW

T =40.00 K
P =7.00 atm
H =-1342.10kJ/kg

W = 0.454 kg/s

T =40.00 K

P =7.00 atm

H =-1342.10kJ/kg
T=20.00 K

P =10.00 atm

H =-249.53 kJ/kg

W =0.082 kg/s

T =236.76 K
P =20.00 atm Q4 0.000 kw
M =-317.99 kd/kg || ) /
TURBINE ]  ALTERNATOR [ COMPRESSOR
POWER=153.60 kW
EF  =80.00 % WORK=58.84 kW
Q= 165.76 kW —>, 7 T=171.92 K | ~Jer =es00
P =7.00 atm T =64.62 K
HEAT SOURCE
—_— H =-656.04 kJ/kg P =20.00 atm
H =-1212.60kJ/kg
T =166.56 K /
P =20.00 atm el
H =-682.81 ki/kg T=171.91 K ,\/\/\/\/\/\/\
P =7.00 atm |EF = 95.00% l I
H =-656.04 kJ/kg
7 =69.98 K T =63.00 K Vo
P=7.00 atm ||P=10.00 atm |%7
H =-1185.80 kJ/kg| [H =616.46 kJ/kg
REGENERATOR COOLER
4.2.2-4 He 7L A YA ONETHEFER (T;=166.56 K)

WORKING FLUIDS = HELIUM

CYCLE EFFICIENCY = 65.184 %

POWER QUTPUT =132.94kW

=30.00 K
=7.00 atm
H =-1394.80kJ/kg

T
P

W = 0.550 ka/s
T=30.00 K
P =7.00 atm

H =-1394.80kJ/kg

T=20.00 K
P =10.00 atm
H =-249.53 kJ/kg

W =0.082 ka/s

T =237.94 K
P =20.00 atm Q3 0.000 kW
H =-311.89 kJ/kg || ) ,,/"”B
TURBINE ™  ALTERNATOR [ COMPRESSOR
POWER=186.79 kW
EF =80.00 % WORK=53.85 kW
Q = 203.95 kW —>. ,/”'/// T =172 78 K \\\\“\\.EF =85.00 X
HEAT SOURGE P=7.00 atm T =48.44 K
H =-651.62 kJ/kg P =2000 atm
) H =-1296.90kJ/kg
T =166.56 K {
P =20.00 atm
P=7.00 atm [EF =95.00% f
H =-651.61 kJ/kg
T 54.61 K T =63.00 K e-Vo
P =7.00 atm P =10.00 atm -
H =-1265.70 kd/kg||H =616.46 kJ/kg
REGENERATOR COOLER
4.2.2-5 He 7L A YA O ILEHEER (T.=30 K)
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WORKING FLUIDS = HELIUM

CYCLE EFFICIENCY = 40.252%

POWER QUTPUT =47.84 kW

T =60.00 K
P =7.00 atm
H =-1237.60kJ/kg

W = 0.337 ka/s

=60.00 K
=7.00 atm
=-1237.60kJ/kg

x

T=20.00 K
P =10.00 atm
H =-249.53 kJ/kg

T =234 41 K
P =20.00 atm Q 3 0.000 kw
H =-330.20 kJ/kg |[ ) /
TURBINE —  ALTERNATOR [ COMPRESSOR
POWER=112.80 KW
EF =80.00 % WORK=64.95 kW
Q= 118.85 kW —>, /1:170,23 K £ =85.00 ¥
HEAT SOURCE P=7.00 atm T =86.87 K
E— H =-664 86 kJ/kg P 2000 atm
) H =-1044. 90k J/kg
T =166.56 K l
P =20.00 atm e
H =-682.81 kJ/kg ||T =170.22 K AAAAAN
P=7.00 atm |EF =95.00% ,/_r ,
H =-664.86 kJ/kg
T =100.54 K T =63.00 K Ve
P=71.00 atm ||P=1000 atn |37 7101 KW
H =-1027.00 kd/kg | |H =616.46 kJ/kg
REGENERATOR COOLER

X4.2.2-6 He7L A4 b2¥a

WORKING FLUIDS = HELIUM

20

W =0.082 kg/s

HEHER (T.=60 K)

X 4.2.2-7

-2

HeZ7LA KB a00L
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POWER OUTPUT =19.99 kW
CYCLE EFFICIENCY = 21.969 %
T=232.07 K T=80.00 K
el i P =7.00 atm
P =20.00 atm Q30000 H =-1133,70kJ/k
= . 9
H =-342.38 kd/kg |[ ) /
TURBINE | ALTERNATOR N COMPRESSOR
POWER=88.56 kW
EF  =80.00 % WORK=68.57 kW |y = 0.267 kg/s
Q= 91.00 kN —>, /T:168.53 K [ ~Jer =es.00
HEAT SOURGE P =7.00 atm T =129.15 K T=80.00 K
H =-673.69 kJ/kg P =20.00 atm P =7.00 atm
1 H =-877.21 kJ/kg || |H ="1133.70kJ/kg
T =20.00 K
T =166.56 K Z P =10.00 atm
P =20.00 atm H =-249.53 kJ/kg
H =-682.81 kJ/kg || T =168.53 K ANANA
P =7.00 atm |[EF = 95.00 % ] |
H =-673.69 kJ/k W =0.082 kg/s
U=z K T =63.00 K Vol o
P=7.00 atm ||P=10.00 atn [®% 710
H =-868.08 kJ/kg| |H =616.46 kJ/kg
REGENERATOR GOOLER

HTE&ER (T.=80 K)
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4.2.3 WfAKFE BRI KR VSA OEt
FAEBE ROV 2L -V ar BT A R LD M E L, B RIEE A28 IR
1 - DOREEE RO =D TF DEER IOV TEE TS

(1) 7p+ 2
{3 VSA I L 2 £ REBEO 70+ 2 70 —% K 4.23-1 127 ¢,

i1
N

oxygen yield

receiver

% %
N

S8

Oy 1 <95%

wecumulation process

absorption provess
desorption proce

N

RN Ny

blower
vacuum pump separator

fiiter

X1 4.2.3-1 VSABEE A X RTHEE 70—

Fig.4.2.3-1 Schematic diagram of oxygen generator

(2) Kl 2s1tbk
DR X 4.2.3-1 15T,

#£ 4.2.3-1 AT ZMF
Table 4.2.3-1 The specification of adsorption bed and parameter values

used in the simulation.

Bed diameter 1.80 m
Bed height L 1.50 m
Adsorbent amount 2600 kg
Bed density ©, 700 kg/m’
Bed porosity & 0.36
Internal porosity € , 0.34
Temperature 200~273 K
Adsorbent MS-5A
Adsorbent diameter 0.25cm

LDF constant for O, /N,

Operating pressure

3.98/1.44 S [5A,273 K]
3.6799/1.4023 S! [5A,269 K]
3.4709/1,2558 S [5A,253 K]
150/760/1000 Torr
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(3)

W

Hfw2 R b

RIEOBMB I b 2L 4232127557,

£4.232 KEIXMEBLD

Table 4.2.3-2 Estimation cost of equipment

No %Hom {t bk fag | B | D
1 adsorption vessel | @ 1800 X 3500L SUS304 2 Ff 3 | 8,700,000 | 26,100,000
2 adsorbent MS-5A  2600kg 3 15,200,000 | 15,600,000
3 heat exchanger Air/Liq.H2 SUS304 2 I+ 1 |6,200,000 6,200,000
4 receiver @ 1200 x 2500L 25m3{ 1 |5,900.000 |55900,000
SUS304 2t
5 filter 1 {1,200,000 | 1,200,000
6 blower 1 2.300,000 | 2,300,000
7 vacuum pump 1 1,800,000 | 1,800,000
8 separator @ 1000 x 20001, SUS304 2 J 1 | 4,600,000 | 4600000
9 control valve BEf JERE 3B 1 | 1,600,000 | 1,600,000
10 | automatic valve ON/OFF solenoid valve 9 120,000 270,000
JERitR 3B
11 | normal valve ON/OFF 3B 3 90,000 450,000
12 | normal valve ON/OFF 2B 6 75,000 75,000
13 | normal valve ON/OFF 1B 6 62,000 372,000
14 | normal valve ON/OFF 3/4B 2 48,000 96,000
15 | control valve indoor on common base 1 1,500,000 1,500,000
JERAR
16 | Begtitd fE ot -223K~ 323K 3 32,000 96,000
17 | = hgt -760mmig~0.6Mpa ftt 4 20,000 80,000
18 |IEhAXAwF 2 8,000 160,000
19 | ZOfthElEM g, 7709, AbL—F 1 800,000 800,000
20 | common base W3000 X 1.7500 1 900,000 500,000
BE 70,960,000
(4) #HEHLL

RO EME B AR OMBREE 4233 BLUX 4.23-2 ICZhPFhnRT. T/

RPBEEE TR EBLUVINROBFRZX 4.2.3-3 1Zm7,
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£4.23-3 BREFREE LS LR L OB

Table 4.2.3-3. The relation between Oxygen yield and concentration

Concentration % | Product yield mol/s | Power demand kW-h
98’! 5(403 m®/h) 391(0.97kW-h/Nm?)
93 6(484 m°/h) 317(0.66)
90 8(645 m*/h) 336(0.52)
89 8(645 m*/h) 343(0.53)
80 10(806 m®/h) 355(0.44)

* 1 : IERE 253K TOff. fthi 269 K
* 2 @ BIFEEXK 3 kglem? ETHHT %,
% 3 MRS 0.8, MrEash® 0.9

IWHKIMESI NI APOBRETN RN T L2HRBEANR L OREERT, BRERE
98BI HBITDMERIL 3T% L. @BWEMSELNTWS, BEMET TSI O TE R
B, BEREBITHML TV %o

1y — ———
! *>
08 , S S P O ET S S
-~
E
L 4
z
= 08 — B = — —
\-‘;‘, *
o
3 1
Loab e — e
b
c
3
02 e e O — JE— — S— —
0 JR— [ — OV SO VU
40 80 80 100

0 20
Concentration (%)

(X1 4.2.3-2 BalE R ERE L BB & OBRR

Fig.4.2 3-2 The dependency on Oxygen yield, concentration and unit power generation
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The relation between concentration and yisid
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(5) EEBEIX b
Xl 4.2.3-3 SR EEE LRIMRE &BEK - ORR
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