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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% (HHV value) for the argon circulation type and of approximately 

33.9%(HHV 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.

(D



(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.

(D 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. 

d) Fundamental combustion test for hydrogen ignition test
The GDI (Condenser Discharging Ignitionjmethod 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 GDI 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 

(D 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.

(D For industry
The introduction of fuel cell with lOOkW 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.
(D 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.



(5) 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 is 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.
(D 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 LCA 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 NE CAR III of 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: 1651Nm3/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

U



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)

(3) 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: 1651Nm3/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 
import.
0 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.
0) Configuration of hydrogen refueling stat ion

• 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 
must 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.



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 Nm3/h correspond to about 1/10 of 
hydrogen supply ability for actual scale will be developed and verified.
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ST- c ©tifiESS© o *>mS6ll«JX*l.©T5& BM$# k & 5i: »# X mg$ 

*5 TUtM«»l»SC'o vrtoN Lfe-

*#««£?*
H 2«+-

0—
>»

Qex
Pex 7

©
*ST-f -tf;i/ I

X

r

Qcl

%nm
y\
T

/N

T c 

P c

<8)

QBC—>-

mm#

H 20

02
N2, a r)

El 1.3.4-1 T;u=r>fi^7Kmf-V--tf;n3-vx^b-v3 >vXja

a
1.3.4-1, 1.3.4-2 ##4^1% f# 8

mm2: 6 mzMA
izxbmfcLfco &tm'r-zte7)i3>ffimM7kmTj—vjiscD&ffimmvm&t, it
m<Dtz&b‘£%*i/tW]i37 t'fZrU-H)2 X-X a Ufeo
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$1.3.4-i jgtswmtsm
n >71/ yth
APS6 343K
APE* 0.13MPa
APtfXSKSirH' 1.512kmol/min
AP^XIM Ar:02 =0.79:0.21 (f AE)
amE* 0.28MPa

APS6 763K
APE* 0.28MPa
AP*A$«Mf 1.671kmol/min
xntfxsfcM Ar:02:H20 =0.79:0.105:0.21 ;Wt)
ttiPE* 0.13MPa

*1.3.4-2 ig#smi»'y-x
3 >71/ vif
(D rib —tfivfflil&a (S-6-teKtt* l)

M©^ (N2:02 =0.79:0.21)o APSfi. APE*. APEStSekt®
kHlA

^ —b'>
(D k LTKSaSJ* 2 ©#%#*A (SirtoM* D
(B k LT®S3#J* 2 ©###*A (N2:02:H20=0.79:0.105:0.21)„ A 

PS6. APE*. APE* • *SS«»li®k0b

b
* l.3.4-3 K3o —B;kd|&

Stt$SkttlitUTmft;t»;bs'Mud*ttmE;bkk$Vfflr|B|kE*ttT-EiieUfck£ 

©Ri^y Ktf'J'gK&So L*#cAmB#©aai±'J'2 <%0. AP*#m#l±$t» 

e>&u©-e. i3%«v'*§fi®J:*.5o a 1.3.4-2 m
E0®«©tt«6^1-o

* 1.3.4-4 c * -1: >tt«©8t*te$S 5s f= T;v^>«aiffi**7f'f-Hf2w©#att
^m&#m*#ktfe»^j;it«fts«t5E»*s'j'St-'dxit»i±*5*#^0T-. @u-ff 

*ttT-S5iLA:k$©ir^'j' HAS'J'$ <»•!.<, Liibt, taHH WS*/«t»J±&®5E 

tz> u*tg£rJ; 0 /j'S < -*. mmAP##mmi±^m
toSAPg&lilIbkTSkSSi*# 14% 

mi'A##@k»6. m 1.3.4-3 l=?E0BR©l±#&mf<,
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E 1.3.4-3 3 >7,U »

Ar+Og N2+02
38.275 28.965

kJ/(kg-K) 0.2172 0.2870
^EJtB kJ/(kg-K) 0.60495 1.0046
ktffltit 1.560 1.400
APM^EM kg/s 0.9645 0.7299
AnftimttS m3/s 0.5528 0.5528
APtfXSBfi kg/m3 1.7448 1.3204
E*tt 2.1538 2.1538
BfBKxy H m 6,711.1 8,612.4
E*«E (ES) 0.52 0.52
aftSEE (ES) 0.43 0.43

v ho—(E>£) 0.83 0.83
mm m/s 355.77 403.02
stems mm 136 136
iae» min'1 49,960 56,596
tone mm 8.4577 7.4660

8.5

01.3.4-2 3 >7‘U

-36-



E 1.3.4-4 stJMi*
Ar+02+H20 N2+02+H20
35.022 26.494

JSZfeWL W(kg-K) 0.23741 0.31572
££Eit*fc kJ/(kg-K) 0.81508 1.18310
tb#l:b 1.411 1.361
xne*E»G kg/s 0.9753 0.7379
BrUt^y h" i 12,700.5 16,494.6
JSS/Satt (E/£) 0.692 0.678
JI5i m/s 349.37 403.60
38ffiS?$ mm 132 132
0fi» (3>7Vy-9-fllJ:ti) min'1 50,000 56,600
»*xn»A$s kg/m3 1.132 0.836

m3/s 0.8615 0.8826
APM mm 21.5 18.8

El 1.3.4-3 *?-



tt 52.8%T-t$3fe7N --l?;vffl®imciti& UT 2^'f>HWVx„

81.3.4-5

tKStV—tfvu
ft*7V—tf;u

3>^L/v-y-
AD** AS* K 343 343
E*Jt 2.1538 2.1538

1.560 1.400
$EJt& kJ/(kg-K) 0.60495 1.0046

kJ/kg 65.793 84.453
—tf2y

An** as* K 763 763
E*tt 2.1538 2.1538
Jt&Jt 1.411 1.361
SEtbSt kJ/(kg-K) 0.81508 1.1831
*3btt* kJ/kg 124.550 166.219

0.528 0.508

LTAsgSto
k E-B®*® n=i-k tfitiS r- & -s c k #99 5>» a & o £ „ ASS-fb® ire-art >7
v yy-*j;utj'-t:>®s®*iS$-e i3~i4%. ise$i*®iRU:a2> nr-SAtos
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(4) is*!!. a###@s©*w

a

*'>^xA©aaiSx 1.3.4-6 c^to a 1.3.4-7 tc««
S&, #e*i±#g©$

a 1.3.4-8 t;#>r
-xfflEi, sttMawsvisssa^/Txfo

a 1.3.4-6
ismiAPfiS K 620
iSSSIIAPE* MPa 0.13
m**Ao*m*m* Kmol/min 0.3175
SiSAP#7tt ^)Ht Ar : O2 : H20 = 3.762 : 0.5 : 1.0
iSBSgAPttiPB* K 313.15
iSSStiAPfflPE* MPa 0.13* 1
S$6$AP*^ME* MPa 0.00738 (SStoSmE)

se*i :

a 1.3.4-7 mtixms®,
>7—7, No. #8##

0 y;vrf> • mm 2 ©jm##X (Ar : 02 : H20 = 3.762 : 0.5 : 1.0)
0 *M% *sat©»%> apss, e*.

a 1.3.4-8 36a, £&!fc*&tf*t&¥153a$i
>7—7 ®

ft mn7 Ar • MM zk#5t

mm

kmol/min

Ar 1.1944 0
02 0.1588 0

H20 0.3175 0.3175
N2 0 0

A#+ 1.6707 0.3175

kg/h

Ar 2862.9 0
O2 304.8 0

H2O 343.2 343.2
N2 0 0

3510.9 343.2
memmm kg/h 255.2 343.2
&mma MW 0.3751 0.286

°C 51.6 82.9
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b tfcWgj*
1.3.4-9, $ 1.3.4—10, KWM*m 1.3.4-4, 111.3.4-6 

±a®a sffiMWicitKc t & a« t lx v'3 tc
to, #*b»x*sTiv^> - ex, *#m©

»-6-©-0se^a«tt, #414.4m2,2.8m2-etoD, ffu, ta 
3> •mmT-it$i5.ug<D&®ffimt&Zo cm2, sttBsenia,
Ttcini, ?#iK2f%©##K2 u,
<&3;fctor-to^o *fc, #4--x©j*#xfii©E*#£l2, f£»;tfxtfT;v=f> • g?*,
#m©#fr)C, #45.1, O.GkPa 0 i/XTA#S#tKAV'%*E*#*&#gTi,i0g#
$>£>o

ur, j*#xam t L-c?mm2fx k#mm#am&m 
sijcBsufca^, a«»«sca*<jn-5ttt6(2, EE^am©#2Jxtf>tcs$n5fl$E 
MtsmzftMtzc k?&&. vrffifflsns 5x Hr^u-411
TI2 10/im W._h&##fa#@©t/m-f, 10/im WT*T##f 3A«R@©t/iV- 
XS»i$>5o cc-ett, zS$6fflV'^-b/iV-46*1-5.m#fl-»$©tAWSffofc<) $ 
fe, ^m^xA#a©m^m2?K%^x&m& ur*& t&* &»,
t;v^> • #*&f#*#x t bfe*^(co^rtAWs#ofc0 

m®fl-i*$©M$ia6ia 1.3.4-6 icmt. a«»#$i2 ^xK/^-^t utissE*
©gU&*gffl*©T, ^®^-ffif2gHI|450xS$ 570XSS 700©*©C*-5»

si 11 fflr-it t iv 3 >*igs**T-v -•t? ;v -> x 7" a t; ib i x e n
©MWSSI861--6,
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1.3.4-9 {>r-7.<S)-. vmmw-T>i-r>-**)
350X1360 BA

e»B« m2 14.4 SB 1

mmm JBiffl
#^A ^&Pzk

fflAP AP mo AP mo
kg/ s 0.975 8.972

zk##t 0.095 0.026 — —

zk — 0.070 8.972 8.972
0.880 0.880 — —

mm k 620.0 313.2 293.2 303.2
tbm 0.880 1.971 997.5 994.2
*£ti«E mPa-s 0.0359 0.1123 1.0031 0.8045

8 —
g19 —

lt» kJ/kgK 0.7141 0.8608 4.1912 4.1830
W/mK 0.0346 0.0621 0.6230 0.6288

#### KJ/kg 2399.3 @55.5 —
APJEEA MPa 0.13 0.49
#3# m/s 12.4 0.43
E*#& kPa 5.1 1.1

W/m2K 822 2101
Sft&E m2K/W 0 0

mw 0.375
#Bf#mmm k 50.6

W/m2K 519

rs;*E 1 1
AP 260 130
ttio 205 130
mm# 30 —

##:B 280
mm

12.7 WlW- mm 1.5

A30 try*-
mm

16.0 SUS304

§msc SUS304 % @ 
mm

360 tSAF mm 5.0

a«3: e^osnii*^
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£1.3.4-10 3H*f*T:-'5''>-h ('r-X® : #«6di£#;-*iKilt)

200X770 %%a
m2 2.8 SB i

mmm mm w
#^X a*®*

ttixn AP am AP am
S* kg/ s 0.095 6.847

0.095 — — —

* — 0.095 6.847 6.847
— — — —

urn k 620.0 313.2 293.2 303.2
jta 0.454 990.5 997.5 994.2

mPa-e 0.0227 0.6632 1.0031 0.8045
8 —

— —
Jfcflft kJ/kgK 2.0384 4.1772 4.1912 4.1830

W/mK 0.0487 0.6342 0.6230 0.6288
KJ/kg 2250.5 @106.6 —

APJBE^J MPa 0.13 0.49
MM m/s 4.8 1.1
E*#X kPa 0.6 2.7
&£jl* W/m2K 2197 5661

m2KAV 0 0
mw 0.286
k 82.7

mmm* w/m2K 1294

1 1

y x;vxji£
AP 110 110
am — 110
mmm 30 —

#^B 92 % @ 
mm

12.7 mm 1.5

esM A30 \fyf-
mm

16.0 # # B SUS304

SUS304 * # 
mm

260 mm 5

813: 1W©StUj:*%l*
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i.4 *iaiai**3-j?x4-u->3 >f-f-wsti 
n-yx*v—>a>ieg(j-|b*Ei:U'T**6EiH-i:'f.57;-f—tfivx>y>tzj3vxr, 

€ ©#»$$» k l$kA,kr*#*,^&»%#m^xl:ji
DSM5'-tf>-e$e,Ctt*&@iRt-.6i>XTA&#*Ufc0 U*U*SSSH^*-e© 

if*®4tcsEtoflb>fcto, a$E« •

1.4.1 mmn
¥fi£ 9 ^*C«#tii«E%SrC8§@Sh.fcSXEtt • BSMSBSfflV'gtiB&SliELko

f ^c k>e.assess • ><>.
#as6@»k'f^Xk-yxAo# USKimgfitcZ D -5gic«o £<, **# 

->v>^s ve\ h>En^n(ct-^§[*iiiLSfi%-^k^-5<t7C®iffliufco 
0 1.4.1 (tkx h >ms) 6STo #*@(A)l±#m©m#&±»B
ftku $B^©i«Si«gi*se8tc<v®ttk»orv'.$>o *hc*tuxE6tS(B)ti;HB 
Bffi©Ettsr-$>D. cn«esi#»(a:©5:r'f—e;vx>y>-c-iKtotcfijfflsnrv'5 
h D^ jOI/SEttS&filEIXcStt k UX&6. «ttS(A)T-tt!WSIgSfflCEtoSeB6 
#wnxtc J; DEBttEIJUfco E©fctoEIS5£k&7>Xl''3„ EttS(B)ttt-fl«Sk 
V. o»£tcttJgB&lgDTlfmBMWS©*#<7-&yV3>%ttSI
•casbWBfe^rosffifflufeo 01.4.2 icmmEm
0#%&^X. EE±?EjST©^s-y KktfX h>ISBk©m (l'v7i’'J77>X) * 
lum©RKE#EI±%ll k»3#. to^S^^klcd; ^©T-KIIKIS
VTIi¥B6o^t-CkCJ; blbto^^ 'Jr 5>x6H-jlUTE<ijt&IE8ICSt'#J L£o 
6*6CHttt-^.Tx>y>|BieE lOOOrpm ffiiM0i$6T-ff &o&„ l$B®B©«i6fr6X 
hn-^a&^SrCf afctoliiEiBE^Atcffii-rSBIISib^ftVj^fctfX h>©» 
S^SETV'-Bo
0 1.4.3 list#U£2 WLy X;VffliB?LasE©lB«&S1-<, AlkX7Xm©#E0AK

«B;ef ackxA*x7Xk©eBN#&-;ei:et,&#e,mm#s&mmL;&#m 
mE0Aa&B%T60l±6B0i#E?&6#W#'fb#m-CI±&6 

S6tcSorv'5o WEyx;Wj:WSi6iT[asciS*f$n5 606fflvfc„

1.4.2 *S»«6tB
«$6i$(A)k*iBfLyX;V6BfflL-C**i!S«©%a©#E6^1tVifeoS$S6ttiB*(Ufc 

##A#% L&uJ;d tc*Sm:8S=80:20 0S^1SI1'&„ V» LECE^-5ASME 
*&±lfXl\< k. E%±%A#&0i@E*TxaBB%0AA:g@%gmz b $,@< » D,
->v > xmsBx*mm©-gB^*im&e u#% k % b #:%%#k ^ ^ ecx*
sf£S©ttt> b Ctt&it. $S©i6V'y * >(CH4)6flUV 9 > : 8S=80:20 @#I$#X6<S
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s&tfSBcii^-rsa^ o.5~o.8*r*it«
ti k©$e (2> *feti me.Wo

makL-c«s

E6isa©SHmsn©iiv

Po:0.1MPa cal 

Po:0.2MPa cal 

Po:0.3MPa cal

1.00E-04 1.00E-03 1.00E-02mrs s
CH4:N2=8:2, **lM4E:20MPa Po:ta*gEA,trXh>«»$(A)

0 1.4.4 S?BSUE*©I'J*i6«'N©SJ#

"PftSMPa exp c96 
“PftlOMPa exp c94 
-Pf.lSMPa exp c95 
“Pft20MPa exp c92 
— PftSMPa cal 
-PftlOMPa cal 
•PftlSMPacal 

• Pft20MPa cal

0.0010.0001
mrs s

CH4:N2 = 8:2, to«9SHSlEA:0.3MPa 
1TX b>E8tS (A)

m 1.4.5
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'Po:0.1MPa exp cll5 

‘Po:0.2MPa exp cll6

'Po:0.3MPa exp cl 17

Po:0.1MPa cal

Po:0.2MPa cal

Po :0.3MPa cal

0.0001 0.001 0.01

i*m s
CH4:N2 = 8:2,***#E:20MPa,t,m:tiWtS (B)

El 1.4.7 &Z

E±J(DZmS§M^(D%W

a.... "PflOMPa exp cll9

Pf:15MPa exp cl 18 

7““Pf:20MPa exp cl 17 

■ — - PftlOMPa cal

Pf:20MPa cal

0.0001 0.001 0.01

BB3 s
C«l;ll=l:l,Sl**e*E:«. 1#Fi, fi‘,

01.4.8

s©9J*EitK4-x.5ig#*01.4.9 30 go *©t©± m
»E«l)6se<*5ffil6)^fc5„ lhole 01mm It. 2«tTU*ij1tR±®A$/6$oSKtgg-f-
5fc©iLri:t»©fci6IB#L7to 6

—O-----1 hole £ 1.0 exp cl 1 7
—C3— 2 hole 00.7 30deg exp e130 

D "■ ■■ 2 hole 00.7 30deg exp c130 
* * A - ~2 hole 0 0.7 BOdeg exp c161 

■ - A - “2 hole 0 0.7 BOdeg exp o161

------------ 1 hole 01.0 cal

-------------2hole 00.7 (c130)cal *3MS27deg
.................2hole 00.7 (dBl)cel #3R#25deg

0.0001
s

CH4:112=8:2, fflMIMMiff: 0.3HPa, : 20NPa
>•>:«**(B)

ft It mtv '4cv \

v'ct,

pkutzt. «?l

ryiOli©

m30 a©
t©^ Go *©t©_w@mgms@<*
oTV'511. 
tCklCtS. )

#EA»sW4bf5a6kVTId:. >

01.4.9 2 mu/ xn/©#m0m*kmmm#
©w#
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i.4.3 mtkmm.

: &*=75:25 ©ffi^*£fflt'T£3»'JkttCoi\Ttfc§4 

ifitt^tzo StltoE«6S(B)6EfliL. ##@##EI± 15MPa. BBSS* 473K -$k
bfco

m 1.4.10 vtzm<D'y <) v>-rn©^ff
irjb-VMT* 4 HforX h bfeS6*%*iar**LT3feSo ESi@*J*l±#'J)«6.'OV'T 

ll ?&&„ >^f*i*SE*I«MW&I$
B»sjFv>i$k-i6<»5»^ so.oms (±%Am:4CAma) necm

*feE*«* 36.0ms 0 1.4.11
use®»*gnB9S8hH»ma*&$ib«&atoTsv^o c ® 0 j; uk
LT 36.0ms(-4ATDCX^&-C#*A^^b. 0S&®*&iie < *&k&3C. i:#fc>A>-5o

ccT-«#}Hte5«ii«w#U7y(DmiXbmzm-c&zv,
BS^-r^. il IJ 7 D ■& 0.1~0.2ms¥ < i;

Hi.4.i2i±2mL7x^&mb'-cA#©m#hm#©@3#^*&a:#btiK*&

RIM ms RIM ms RIM ms
tOXHE* PO=201kPa toMaa T0=473K
a£# *#* *#=7525 mtammitv??*
WltE* 15MP, /X;u <P1.0(L/d = 4) 
tfxh> Efc$(B) E#J± 11.0

ei 1.4.10 mmmftimmm(Dm!k&^(D%w

1 0.2 -

nmsfl&mti msms

El 1.4.11
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mf. **iWMM66mii56®0-eA»-e$>-Dfc 36ms-fet U&„ S8$I4 2 «6fLffl@^T- 
*k & T 4 #: 1 6> h.fc<>
0 1.4.13 36ms t U£3fettTTffl**tt6»J$K A 35tt(=gSS;ii

*J*®mm)®M#-e$ k®6to#-e&*5» rn-y h®«S6tiVF® 4 -5k:$4.r
mmvtzo O : 6*®, n : to 4ms A : f
ntt±ienr»*t-ti®. x
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=75:25 k bfeo $ e>l: P y XX D T X >X&X®^a*s&®$ftl^;bMEji<*naffl£W 
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*»*©a^x ***aa«t:i3V'Tx tti*«st::*o;k©ic*fu

B»*©a-Bx kfc aga®^ c k c4 b usa
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n y v A fc J; ■&EtStiSXmttliES: P-V 810, log(P)-log(V)E0"e^r„ IfWi* 
k A h D - £, SMSS6A* Lfeo E«6*8Mfi¥S 8 k H D 82CA 

S6Effl Lfc. EEfffiE©EAttE**5 2MPa WTflift < -» Ufc„ 2MPa%*!?«#?© 
WEtfUSE Ufcfc«>^5&®E*AsffiTU-tlx3„ f ©^A#i#E*t#EKX©A^ 
0.4MPafi<K®frS$)SgfflE*ffl$<bliSfSkl$i$@Dt?2fe5)^ l.TMPattT©

0.l4MPai6v>E*k»-D^o c©9Skl/t, 
IBLfcTk^BaffgTEAyfiTLfeteAWbVtekjllESnSo cfttfSIBHiSSeias 
*Mb*A$1.2%8i-*IS$J:De<ft'ofca6k#j{.6.n.5o

<0
CL

■R
Hd

ess* 0#%
IMS* 0*38

3.9%
5.1%

S# x10"3 m3 S« x10~3 m3
fcDJWE* P0=185kPa 6)Xfl;SS TO=473K 
>1£ft #*=75:25 #*»#¥ 2.2
Etttt 10.7 St*l$E&89ffl 82CA 
tfXh> EES(B)

B1.4.18 #iE->5n.v-'>a>kx**e*©it«

i.4.8 mmwism
cn$-c©s;«-czkE«, • 0*m^mti=a^T&*m#m©m%Emmm&kkia 

EELfc#, !SMLfc**©5*,kn^l7AsE6tLfc*6S1-EEa*6«Bf ^>i£?5* 
SM»x©5tfx»ny PSEC-S$n?>7kS®«

s *> e. E%m*1. is~2.26 ^x$4b l & 3 js©u-mis 
*&01.4.19 „ tt«©fc®tcsm*SHm^y t Lfca^©newe$t)^e-cs v
ko EEI*V'fft*i&***U£6®T-$>3,

98.7~99.6%6)S V> k L6KER
0*@*96.7%j;btmi\. c©kk*e.*EME®*SMAEtt-et +E^E«3b**sfe 
e> ns c k #«£ig$n&Ks;@*ms* s < * 5 <t -5 »@##m©EE%*% k#m 
td^vrttse. 5 „

-56-



100 -
$691: *S9t+M*

185kPa 
#M$$: 473K

*0.7x2-45°
«*4E:15MPa

Eitlt:10.7
RCEMa*:1000rpmffla 

6*0»:CDia 25mJK$

01.4.19 (2 68?Ly XII)

1.4.9 *SS©EiB
kf E#%©©K#«)ammmk » ? x A o. m

BS* 473K!i6StteS(400~410K)iltb^r -l-»fiiVAi. E**s)ltf)igXE**s±@ V
s@se»=taffiEms6ttTc©ttisx-sffij£$© s^a,©-® a5#®?ns* 

01.4.20 tzwmi±iitMme>m«*mto mmmmtiafemt, sm'nm. (x 
vu-'?: i~90mm) huxE

SSLt#6©&%&*©. ^©fflkH-SJUfcE**6.#tofcS*Asrnto©^7SkUfc, 
g$@ti!6*ttffl«E*©±#C<k b, E<6*si6$^E*Asi6<*511l96mL)c= EfciSKSS 
»si6$3^7S©SSttE*©±#C =t -?TfiTf 5,, <©95© vV >XSBMJ#IE*©

-> v >xi*i©Em»Ex©sa#sfi»$s@sgj; d $ s < &o & 11 kshwsb^* *
tmfetzts WSM%©iy V < &&&TX&&. L
»-VH^tcttS#ttttl$IE-5ET-$>oESS*5r<mfflT-eS-5&©tcSHB 
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1.4.11 Bfl 6 * k » o
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(3) iW| 10 ¥6ttX»Xy 7lto%3; SfS 2 IE WG #*4 (1998)
(4) Peter Prechtl # Hydrogen C.I. Large Bore Four Stroke Engine: Ignition and 
Combustion Process Analyzed with High Speed Optical Measurement Systems, # 12 IE 4<

(1998)
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1.8.1 $$SEEI$® tc=t-5ft£*

• «mms, **•»#. t'-ytiXu&'X&W'xmm.
maEmutmE • mmy ;i/ 3

6iae&w#<b9
x. EttSAE*»&e#j u *####. g***ft. slangs®. mmwikm
ft. -«JL«»fif©^^e#ftft*^^*tofci(g*. UT©j:o&Rtm#R^E6.

(1) as • iWE3$HmTic*ft^*sies6^tt. mK©ama*aaimk#© 20° m'&
mmmamtccE&mmfac^icjib. ^*#i#m©**

(2) y;i/^>-K*mem©#^. shsss sooioe, 950Kirm.
$6:«63SAifeb. fftHlfflfiittt. »*

(3) «»y^HW>J<&Jt. S;kgftlSI8Ai*8<&t>, RC, Sfi<HKj3VTtt.

(4) ***ftBtfa«:»#}E;E SBSEE*. EESStttc*$6Be*Sft»V'o
(5) j XEgcERtossvNKessft. as* 7 XEg&amf &c t c =t 0„ 

#AE±&#X% kmRK*^EE)%$&#%c
(6) i/ - VC j: D 8 -5 c a. i£

it w tmm, & nax 8 3 c t &t> *> o tz (1.3 *s <t e 1.4 >„
(7) «ism6&ite«AJ;oe*c*8u300 *5mztzts #Enr*aa&*%es»s 

S6ft-a(1.4#M)o

1.8.2 ^#©#@
#m©#m. s***ft. %m#*Aft. #^aftm®» &#*c v\% aims

©**to*#fttt+Ejea-esfc, *&. A^# t jt E i% - v c j; a #m®
©*^e$*ft»i:'t:-3urss^tos,Asi#e,nfco #^#©m%t*.

(1) ^x 6ckA#u,\6&. ee»8ass

SBftCSlA'Se-eifcafcA. #*E*. E%#*. 
©B96ll«gt:M^-E.ci:6sT8»V'o
(2) i$ftLfc*si»*t#ttaigtai6r-ii-$©fties*i-5^.*s©u-^^ft«i©ii6tti

&k-©®@AAszfca;fcto. atvtt'&t'o cti£-eCft&ofo!k^X'f —
•tfEIM ^E'> i a V-'> 3 >X(4. *$i6t<t©Etty-4,;tm,>£to. @#&E#k L 
6#©EE - ZCDtz&b. ^Ub“i'a>0)iitt4«U $
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*STr'f—y;vx>y>CDEttiiSS6SiS<b1-5fetofflSiil7:-j'6S^Ck6s^ 
W^T'feSo StSEtt• letter.

Bj^b*sSST*S> ^ c t, -I. c ii^T-#-5 c i; * o

KlSSCff 5>n, *««l?l:¥S$hTi,'5fii>y>0i3S • SMMS&SE^

*E(1.7 jb-^Vl.S)
(1) #$l$* -3^. ##, 25-156(88 34), 820o
(2) «*l$*a • 2 ##, 87-07466(88 62), 3810.
(3) l£®IS^-2«, ##, 44-3856(88 53), 3208.
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1. 9 stto

-t —y;vtitM(DB*cDSPett»*©H«Sr-feOfc» *^SI±, *7nyx 

» ***#©#*#&4"C'
CSSEH • B$$SH6fflV'Te*j:Ett©ei6IIE6fTote„

zz-eme>nfcmt>ag&t$mn. ts

®®settsn®r4S*T\ i/—yA*^a©#w&m&6i:LTti. c©#mi±**%
t:ffitotW«"Cife5kSx^=

4-nifflS$6i6®c*b#e»sia6sS6.nfco f&btcD 

tfifeJCi;* k'Asflffl L&„ V*- L4-#6®9f%Tff 5.nfc*SmSBmET©*sliE8lE 

©i^M-anrtett^fe-So
EESK^iSvxfctos

as©ae*ffT-1±@ a#*#ai#gk©wa^A\ earn? ci±
*feJgEiSH*)BWtT

-78-



2i titj&c

8MK±.6§to*lCj;5iS*»st13toTl'-SJSttA^, @##®#%*'(b, #ZL*A4=—fb 

*sJ4*se-(bP^ ih®a-c *as^ast *o ri'-s „ i#*'xw® t ibiricN#*-ibA#m
T-£-5»i7«£t#o;tiiMJ; LT, tttA>a*Si8Mi (EV)
%K i997$*®;\i'7'v y (hev) ©msg^iSoMttc, hev®is%as@

tl:%oT:©a. HEV tiu
St-i'-SOTtJC i:icioTaSt#t:g, EV C^en5-%*^fr8g® (-
a®5JIB6SES) #@®#®#®#T-®m$^h"®;\>f < jr-\"yXt^i,'® 

-c. "!!fii®(K• r6ia*ai)W-i:eB^"lj'‘bnTV'5o 
CH.6®#M j; 9 Cell Electric

Vehicle: FCEV)»i*tit{t®fi&S • AiWaiWB bXim'Hi btlXl^o SttHFX-
®%@%b ()')')&b, c®IMHb®it>m

mnmmzcDtiMztzm*0BXft$>z>fiK fcev b L-mEss-acrost-a**6 
$t7ks®®r-sut-a iibksraeatimmt. y xy-iw:ft*$h.agij®E#&j## 

U xft6*P6 h-eeSt*Ut7j<S6f9-S&H$E#4*?l!iatta® 2#Asife5o &*$«, 
XXy-lV^TJV V >kt'ot#KX XXXA^mbt, Ji

at®, ^$ii/f-#®$#.b®iRm^#mmmi:Mfa/\-Kini
ffii'AV &HR®3i^;i/^-DXJpt&Hgst =tafKroMMii^gTOffliaa^afeao c 
kiWr.fbT, #i6/kSE#S?6aiii|ili, 6S(HSSro^4'A':,r—nxAstcvit®MlciWV'^* 

risctfre., S6*B"Cli#S®$h.Tt'ao LA>L, »7kH*fflV' 
>77SiTfflJ;o(:*%$#%©< A\ *®450fiJ; < $*:%# 

ta A>i;i'Ot fl¥Si LttItixli& e, tt®S@*s#vi„ i:'t6®®j$® FCEV A^&fa6> 

a, #*#%##*a*i$®c#a®mmA#*-c#aA'SA4:A^^aaA^#t'ki,'-3 

T'feiiB'C&l'o
utASoT, a»=f $sm-fak®®ais6 sa u f

ackii, fcev ®&a^#g&m@f at®ic?5i^T$,b, 

?®ft*tt*acmi»$naiiffli«® fcev ®®j$AsBta®S5$T$.n, f®$mm 
tcb£$na^sr-$,aAk a< kt&a^m®amcia^ecwaas:a

s(i4jHiiWtc*asLftttnH*a*®t, m®#ei±?#»i'
a^®o L/iASoT, at®ic«, *«i"a**Bfflt->x

7iAB#y6'i’ >7vfl(k®7' >X-xx-x®|gjp-lbA!;f aj^-c, f ®±?^x^A^#



c©<kd6Wg*S:s®lcgvxT, ^6$T-lc FCEV 6@&1"5±-e*S«i^'i' >7 7
fcev i/^TA©#M. ^em©%*©?ai^&%mu-c

(tiffitt) *s«5*S*t?S>-2>©T\ ¥<$ 10^filia^etjtrSSSti-
7^-f ^;u3x F©tfeif*ir. nfflc^vT©

*m&mA%c#WL6o
$1*. S&->-^ V *©&M6K©J; 5 &X71 y :/T-5liE L£ = FCEV ®i/Xfi«i 

#*e^^-b3>©mK©m$b&**©#(#i/^;i/©##&ev\ m#%cmALo% 
i'XfACoV'TMlfe. OV'-C, >
&«X-t5Elc*#^#fi£5StcS*$n6»ffi&MlE#8l4L, ife.kd&X^-yT'T-S

?n?>©iB*^6., S$o*©n®i>xu*&#gu
fio

mzs B*4S?66 toWS A£ nfclig© C02©@;m%*&##f %6©©##k LT
FCEV©7'f7y-'f ^;vy-trxy > h (LCA) &##f L6. f «*>?>

&^©##C-3U?#M bt#x $*©#*ICCI),\-C^$#g|5^©%*&#

mmu?
•5 AA©m^#&% 6 *>tc L feo

cft 6© g»* t LX**>S1**J#A ?>tvtut-«■»©&»-&£>-&t: 
ek^^'fyu -y ;/^i/-ba>Kj;38B$mmeie©##:m%E
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2.2 *5t$8roS)fc6Sb*©3*Av A U *

©SkBdn-a'^«M*«gtoi|i©g6«Asa®(ciesLTjb‘D,
htcIK 1" 3 sJSEti # titi T § T v 3,, f c?, 7kSE#*f6gto*©SAtcMt-^H«#

SCk&BtokLT, SAvA V :*fflM46froXzo 7k*«»*
ck, am%R 1 b&ffock,

A$H-5_l:-Cfifi5l$;tP6H,lKi <TCi:, SBfiKL/K

2.2.1 **###% SWvXfA

(D 7km«#%m@m$©#a

H 2.2.1-1 K*SE#SmB»4iC*tt.5x*;v4r-©iftn&:#V i;

/k*EI4**gS;'PT-(i, AS^ESSiSIc^V'T'CAic-Sttdn, c©*AAse-i't:J:o 

TEMto&iiWACiiltSh.TlgWjImiKGX e>ii&o A;\ c—F, 

:*a*liI§]a;'tijJpEtt*vt!!©^*iJ*AtJ;oT?tfl:$tU>o 7k*fr# 

Lttt, Ett7kStf >^, «»*£*>»© 3 rxMi&tM>Z>*
Rl 2.2.1-21*, $B©ES**S im: *lt 3 -> x 7 AS# W 71, hit**.

® ii'J V >(3WlM 

®8 7 > 7 —

@ 2.2.i-i 7k*E*m%em$6*'vu>*©%^;u^-©a^

@ 2.2.1 -2 7k$E##%aRl*©'>2TA1##U'1'70H9K7'7A'f 5A FCEV)
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(2)

-KBtv >mm, m 
mmmmm, mm^
m&mt>mLz\\zt%zt>tiTt}b, #&©@, imk/utr^c©

f>'<y'zhz,o
0 2.2.1—3 ^ y . mmRz&zx.m'f *>$

amk«iE6ait$-ti-te'>-HttSffi2ttT—c©-lz;v6«fiKf-B, natetc*5»^> i-b;vs 
tzd©e»*tt o.6~i.ov agr-fe^ffl-e, 3oov ##0^—

@-b,iv&a?!l8iBf-ackic&ao ttSKJRi: 28t©«$6-WbU;fet>©&JR • Effigy# 
tnpv, (•bviiz-j')

0 2.2.1—4 -y »&*-(> k VTiaSSB, 17-3

>71/55^1-?, S*^>7ffflI«i'6i«ShJ.

0 2.2.1 - 3 *ms,=ft*>y9®1*i6»l

x7-3>^U'yt

@ 2.2.1 -4



(3) **«*&'>* x A

0 2.2.1-5 C*SES*?66lb*^.©**ffi$8®#7-'>3 >S:STo 0*. -MS©®# 
li a - x T* © *M i t-a > 5 »-e S>-S o

WE-NET -7X2>J^i> h©%l$to»B1f'>XxAtt, j#^©R3;4=-6«»*

-c©^-^-©##ca, s-<©mkeffl6Sf5o 
ciilcMU, xm#^^f©#©m#©-%t$;i,f-&$ijmf 6Z/XxA, H&tolcti:, 
r. stexf-:-S3j— ;i/©afeKc±d*S6#-b->^xa 
-f. ft»SX7-'>9

*s^x6.n^>o ch%ii, ^>?xxxhx^+Hiie*s*'Mremsfc©,
LT#at*6o ♦w^-eii, chi® rx#*ix#©m#©-*

^4-;W-WSmi6

sa•ss•
EfA•**

2.2.1-5 **«H*7t!! i #S^® **#t#6©^->a>

b. Xr->s >Cistt5**lti6 • Bf» • #*8S/%xA©#m

«#%%a*5*o=*«#A©*mmm - em - #*&^%xA©#a m
2.2.1-6 *5*0=0 2.2.1 —7 IC^To ffiLTttEB-KStf >^ t
$h.rv'5<,
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300N«3/h

**25S3*K
2COks/<*2

*
E*M+*E»*REa*X*S&X^-i/ a >C91*SH

@ 2.2.1 -e

I HYDROGEN I

0 2.2.1-7 *S#S*S#S-fi-»-#*6->XTA©*«(»|)

— 84 —



2.2.2

(1)

*##### VWtftx.
TSm-lWt. *fc, 8 2.2.2-1 U->x*;vdF-Slb#©*<t:B9S

*©Sg7C0!l6$ 2.2.2—2 o
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*2.2.2—2

.m

m
w-mA

mm
fsawtm

#V V> T* 'i —M.) 1, CNG
LAV4 7?;V7 LAV4 EV %"'^GX

h 3^ h 3f *b

RV RV
mi 4,115 4,335 3,980 4,450
n 1,695 1,695 1,695 1,695
n 1,645 1,420 1,675 1,390

A ! 5 5 5 4

kg 1,230 1,140 1,540 1,170

kg 1,505 1,415 1,815 1,390

cc 1,998 1,686 — 1,590
PS 135 88 - 115
kg-i 18.5 17 — 13.6
kW - — 50 -

kg-i — - 190Nm -

1 58 55 — 20 Nm3
kWh — — 27 —

km/1 10.8 17-18 7.8km/kWh 17.0
km 626 -960 *2 210 340

km/h ; 170 165 125 175 *2

LPG 

w-try 
b m

4,595

1,695

1,460

5

1,250

1,525

1,998

63kW

167Nm

80.8

11.4 
921 *2 

180 *2
*1 : *6#

*2: m&m
*3 : g||

*4 :

>x^;u^-6$lS(DMi7c(^J) 
-------------- 1--------------- !----------
X ^ v : rw hv FC *#FC

MX FCEV mmio# FCEV

—H h3f h 3^ h 3^

SfflS RV RV

4,560 4,275 3,980 4,610 3,975
1,690 1,755 1,695 1,695 1,695

1,430 1,420 1,635 1,500 1,635
5 5 5 5 5

1,250 1,240 *1 1,300 *1
1,525 1,515 *1 1,575 *1
1,997 1,496 - 1,998 —

137 58 - 70 —

18.5 10.4 - 12.5 —

- 30 25kW - 20kW
- 31.1 50 — 45
60 50 *1 100 *4 2kg
— 1.8 *1 - *1

*1 28.0 *1 3.0 34.4 *3
*1 1,400 500 *3 300 250 *3
*1 *1 125 150 >100



(2)

(#vu>m, lpg #) ^#a»u->x*;vJF-aib*i:tt
#U£k#©*#%###§##©#*&$k&%k, «mk*;D-e$>'E>o
a. Mfift® NOx, HC, CO, PM (#?###) ©»ftitf-t?□'C*-5

*SB*4«tl 6 to#T- ff C# O T %4-r 4 v9X li*E«©*-e fc f), *W5*©mB
k&i NOx, HC, CO, PM 7Afkb’f(0#i*aS

**K©j*tH i> ft <, am* > * a> *> ©m#©#* k t eibt * e„
b. COaSttiS^^V

m 2.3mc&v\T#i/<#W2fia,toc, *#####§##«, mmmzfrxnm& 
©Sv'^#S5tf^astHcj;?.**tt*&*s©»^-e*, #(6^ffgg*sfcb© co2ypttifiii 

# V V >*© 1/3 88k, *«KM»$n*k8^$n«o $*, 
3L*;vdF-6-ik3i*AdF-si:LTE»sn5J:-5tc*^)kma$n-Cj3t), f©#fr(: 
tt, **Sti*»BW©^ffCff-o CO2smsid:JEi»-y d k»^o

c. mmm$, **^>y>*. y * v-ae«*?bs»*k©tts<
±k© a.*j;u' b.em$kim#$%iam\#%&*wmt@m 

*kcr, *ag»* ^^7-;!/##«#g#$6.
3-3©gm#k**m#«*g#$k&m#a?©K%i:m'j^Tit#f %k*

2.2.2-3 ©kisDtfafe-So
<, m'mxtnmvsmttmxx • -tm, e co2#m©gm#kc-c, *s 

#### 6 SOTiSISIto&iSiRJS-e fe-5k#x.6n-5o

* 2.2.2—3 *£#mS;6i B*k*« a MS. *£i>v>S.
k©tt!

««,SWk®kt<t OttiEEE

03^ HS«®=r*8B

•*jST®)iHia888t!ffli6lb
tt

7jcS^>^>SW
^<Z)hb#

o$j¥
m##, co2#m)

ONOx
o@#

•1g»»'>*:rAffl*», #*,
3X h

S*j*k©it®t
OEMSvXt^A©^,

n>y^
ommm

E, nx h
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2.2.3 >####;.%

(D ***»«» ii)*ro«i*tt;X

6to*nJ|g»*K#4«S©M%tt. Tflii') S (AFC), V >S$ (PACF), BtioWf

?s (pefc) i98offt©E#«#@to*©m*t±E#«#/-*

*jE-eii6«)#y-*-±«'r-E%Asiitoe.n5 i a cfco-rs-tv^,,

a. 3 - □ >y /1 |c fc It •&
(D Pi"y

Daimler-Benz (S Daimler-Chrysler) As 77 A f © Ballard ©EtillYtMiifi 

&JK9 An, 1994^*e>EiB**tfX^>^6S®Lfc NECarl, NECarllStf NEBUS 

6gg%Utc %©AA 7 A k L A NECar IVSM^Dfeo -eLT,
Daimler-Chrysler tt 2004 iFICttESSSSIllVOSSSIB^T5 k 46* U TV'-So **x

>*-?&*? ltvx£ BMW t±E###@to*?it**at,#n©mA:&eA:, 1990#
IZ Rover BMW### k f e##**E#©'!#####@to* tt«* D
tco Siemens ttiH**E*WS7 ^ V 7 h&H%U 1997 f ;tPi'>$titielE4,"C$>-5o * 
X©M#6TI4 Daimler-Chrysler fjwi'T MAN # 2000 f$ trie Siemens © PEFC

^Ck&*#LTl\6. Daimler-Chrysler © NEBUS k MAN/Siemens 

©HAffltttit£* 2.2.3—1 tcffo Sfc, Neoplan & Ansaldo/De Nora kJtHT?*.,lX& 
1999 f (ClMSt 6 k48*UTV'&<,

-f8t*8> 1997 ft: Daimler-Benz AO|\@$© NECar HI &M*L, f©&A

i> -i 7" NECar V Volkswagen tt$H© Johnson Matthey ©SfcS$666ffl
U, Xi>x-7^>© Volvo, f 7 >y© ECN k*HT EU ©$8&gtt PEFC ©#**& 

2000f 2004f $ftcHffl*6H%f vrv^^o
*22.3-1 F<V©E#%*/<A©l±#m

Daimler-Benz NEBUS MAN/Siemens
fern 62 A* 0 100 A* 0
t—% — 75kW x 2 max 75kW x 2max
Mmm 250km 250km
FCtij* 250kW 120kW

25kW x 10 30kW x 4
- 8kg/h

fee* 85°C 60°C
2. lbar 1.5bar

**E# SEAXSgl (300 bar) iSETJXgig (250bar)
1997 ^ 2000 ^
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<2> 3$ H
1998 7 tj IZ Zevco (The Zero Emission Vehicle Company)® D > H 9 is—/■

—i}—London Taxi International ts. ifStOV—VjtMT AFC &L1JII]

5 S©3'f7->—£®ifT1'&^;t'?rfc3o $6® 

Zevco ®3®B*fflyt7$iiB£itt Robert Wright and Co.k 1998 12m#ifi**E
(40kW FC-70kWBattery) 6g84Et5 C <b£ B-tgk LTl'-5„

® #©3—D

3-D 7 y t tz £ It 5E#4*S*©$*tt6<, gffi-CttEU -b!*S6SSbL#####© 
H%»S EU &H©t<-*-fflttHH367,D y xy? h fc UTSA/lzfTfcttTtt *„

1980 ^ttlztt-'tyttr-© ELENCO tfHIB Life AFC Lfeyt>-^ EURECA tD v 

x^lf AFC LtcylX»iM%$ntc= f©# 1996 Iplztt EU-At-*'© EQHHPP
rnyxit h-CT^U-ffl Ansaldo ASPEFC Sfc, PEFC &
GM L/2tg*ykSES®y''>»i Reault/Volvo/De Nora Gr.-cmBSftTV^o

cF £> IZ 1998 ^IZ® Coval H2 Partner ifi De Nora © PEFC SrGEiffl Dfe t-)7’ytS 

Venice T%l6 l/TU&o $ tz, 7 7 > 7 © Peugeot Citroen ® 7 7 > X © Hit 3lRt,
T f V—© De Nora, Ansaldo, y<yi/tr—© Sovay &if ifttlill"?! 7 7 >7918141 ADEME 

©$S£§ltT 30kWPEFC ytrLSKtS HYDRO-GEN l+H6%3iLfco

3-d 7 y t A#©m#mmm%© & * 22.3-2 izsm ltsi-o

* 22.3-2 3-07/<©am*mem*©M**;%
m # m

«*** EU 1994 afc-lh2 300km EURECA/ELENCO
1996 x:% pefc-lh2 250km Ansaldo/De Nora Gr.
1997 pefc-lh2 500km Renault/De Nora Gr.

MY^y 1994 pefc-gh2 250km (NECarll)
1997 pefc-gh2 250km (NEBUS) Daimler
1999 pefc-lh2 — (NECarlV) —Benz/
1996 pefc-lh2 1000km BMW/Rover
2000 pefc-gh2 250km MAN/Siemens

EU 1999 pefc-gh2 300km Ansaldo/Neoplan/De.
1998 pefc-gh2 64km Coval H2 Partner/De.

mm 1998 afc-gh2 Zevco/London Taxi In
1998 afc-gh2 Zevco/Robert W.Co.

^ ^ — MY iv 1997 PEFC Daimler-Benz/BPS
EU 2000 PEFC Volkswagen Gr.

MY'y 2004 PEFC OPEL
it) LH2: igtMcS, GH2: iSE*S
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b.

(D * H
S (DOE : Department of Energy) ti 1993 f §#$®E#%$6 3 (8te|q| 

±$4f-S i^T? PNGV (Partnership for a New Generation of Vehicles ) #l@i6%M$#6o

Hute-m 1998 f i #mmE#m#688%#m®-7)ie

SAv"CV'-Z>0 C®|+Hi©rf,T DOE li IFC, Energy Partner, Plug Power &if63$L# L 60kW 
PEFC 088%6Rc-Ct\6. *&, Allied Signal li DOE ©l&Mc SCAQMD (South Coast Air 
Quality Management District, * V 7 ite G '&88fj6'§

tfT 50kW PEFC 688%LTU.So

UTC LZ, 50kWESIb*ffl PEFC 618
%L, 2003f ©*$-8:6ifgf®t?m& 1998#8HCfr?to
<I6*SS> Energy Partner li 1991 fie PEFC 66618 Lfc7tf-7*-65tff Lfco *;6 
"Cli Shutz Energy Research Center # Palm Desert -5 PEFC 0*— h 688% L

Tt\6. Ford li DOE ©ia6S»r IFC ©50kW PEFC 6jS«1-^*ffl*688%b 
TVS#, Daimler-Benz ^ 0): ® =k 7 l: A*b -5 B $ ItT t \ 6 »

DOE —R#88%#t'l#"C&6 Hydrogen Program Tii, 2010 f lea#r$0
25%6**«»©§»* (ESSSeto^k^d’ y U 7 F*) Cf 6Ck6B#cmif-Ct\6 

!$»>, E#®**«6*«f660/W ^ 77, ©^fxib,

©*S®B#$E8B% 6$aVTt'-6»
<di6y-;vafcH$> 1987fCDOE#PAFC'B5D <X ©88% T- D 2/ :n 7 h6%je$-6feo 
;«)7Dyx> hT-litSWT-tetor7?y6 1995 fig* 6, George 

Town T-*0 4000km r7 b/Efr Lito -E0# DOE (i,
■S-BklBlKrC, PAFC ^e. PEFC ^0*Jft60o-C*5 0, 1998 $1: PEFC (lOOkW Ballard

SO
gmayyy-ivastHPEFC$©f**M62004iFificffjct, s&ieflv v>8tB 

R*©88%688%f3 C k 6%# L7t\3.Chrysler 6 #V V >8tH® PEFC #688%*:f& 

3#, Daimler-Benz i: ©iillfEi:'© <t 763 ©ib^SS LlTt'&V'o

<D *zt-y

BallardtfHiWci: PEFC £P8%T5 itfokl PEFC0/1X6 1991 f CHOTL®

A6SlafelteS 1997 flea Commercial Model ©/i7©88%l:g&# L6o ? lt*7c 
Daimler-Benz (SK) k’B'#!? DBB Fuel Cell Engines 6!§aZ. 06 6 J —IVi&SI 
E###06eCTt\. $6, Ballard tt 6 f 887? PEFC ©*$*6 D ©tti*$6 

6 6(@le|6|±6-8-T, IkW/L kt\oA##E#m#688%L%t\6i(|:, 6 e,iedz7tV-6®ait 

A*>9\$iS1ia&'>Z;rA<D&.&tiZ-t:-m>mfctZtzlsb(Dffl%%MMVX^Zo
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urs 2.2.3-3 cmf.

* 2.2.3—3 **©am*m@*#©iM##a
s ¥ m '>Xt"A

#*#$ *a 1991 *«• PEFC-GH2 Energy Partner
1996 *— h PEFC-GH2 Shutz E.R.C.
2004 X> PEFC-GH2 Ford/IFC
1991- PEFC-GH2 Ballard

A * j -;v *a 1995 PAFC DOE Pro./FUJI
1997 PAFC ^ /IFC
1998 PEFC |q] /Ballad
1998 /<> PEFC GM
2004 PEFC GM

xm 2004 /<> PEFC Chrysler Gr.
8) GH2: ES*lS6

c. B*ICSIt5l8#B©aBtt

L/-CV\kj±#LT,

«*M?atE$i*s# x * >9lt^sbokk: 

Mtt, aAft-en^&BtoTV'-a.,
<$t*SS> 1996 iFChB*#, 1997 f IC7 >^###*

*#©&#&*2.2.3-4 cmf. iaf i±wm#m@m$©mm
iblcovt 2003 LXt^»

Vo
<x *v-;vess> a»sHr-*tocE%sn&*ii6toE*4e?6»tt, lose*fics±*«/
h 3 £*511% Lfc 5 kWPAFC SfiEfflUfe 1.5t X*-X ij y AGH#©^*##*
ctt+^BE-esfc*5, nx hffl^B-eswb^ESsnfco
f 0# 1997 IF13^*5 PEFC bfco 1997life

mm@ • NEDO ©m#*^ V->nt$Af-gm#©#%^*7D y xX F (AC EProject: 

Advanced Clean Energy Vehicle Project) ©—3jlk UT, BSi;bsX 5* V—ASStH® PEFC 6lb

#©m%&eczt\6. »£, gsk*Ett, 2003iF©mmib&
Lrt'-So

B*©m###$m*#a©#iKi&* 2.2.3-s
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* 2.23-4

h 3#

y^y-;i/&R@ to*ss
RAV4L EV FCEV FCEV

£ ft 4AfD 4AiD 4 A#0
*t—%— 45kW max 50kW max 40kW max
# M FC+rW^ V FC+Xy^V FC+3r-W/Sv^
fsmmm 250km 500km 170km
ftSSiSK > 100km 125km 90km
FCtitiA 20 kW 25kW 20kW

400-tz;v 400-tz;v 5 kWx 4
7jtS@S-aS

(H22kg)
v—;k **®«-6-*

m£t$m 1996 ^ 10 H 1997 ^ 10 H 1997 ^ 12 ft

*22.3-5

mm v'^'T'A v&mm y-*-
1992 il— h PEFC-MH 7'^
1996 PEFC-MH 250km h 3 *?
1997 PEFC-MH 170km

y ^ v — ;k 1986 IJ 7 h PAFC S±*«/ba<5'
1997 PEFC 500km h 3 ^
2003 PEFC

i$) MH :

d. >% hD—>a xosmtiw

H±E#«»6to*©S%tt«6iil^T ttztf, m%$n^M**E*4*?B2iXAsftlc* 
ES© Chicago, il~yy© Vancouver, K'l' iVffl Stuttgart d?F*I"5l$Sitot^flJfflSh,Tt'^i<, $ 
tz, Berlin © rflri;* SJgti: 2020 $T"IZ^ZOtf^Z 6E*4*S2tX CtiJ *)WZZCt%
1998 #9 HI:*# !/&&&, Hamburg ©Tp/iXSti-fe 2005 $A»6*KM#mxy©#A&# 

vCfc&tfcfctbTV'-So
g2.2.3-8l:t#ffliS4r;E>XH/-^3>7DiJi^ ^^V-iVStHS

til6SIEAsfc-E.©tt DOE © PAFC/i%©»T, t©#lj:ATM*#%m©^H'7-C&%.

;na, y * y-;vaiteEti*?6#©^ffl-(b
a, /iX©@fria**ZT-iy a >&»#•<ft-5*SAs*<@3#+#
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# 2.2.3—6 *4®###aem*fx^ay%<7h

m-mmmm $ mm
>k) Washington DC 1995- DOEPAFC JiZ

GTUniv. TUl*|
Chicago W’tX 1998 Ballard FC A**
Palm Springs 1998 PEFC Utihty car
Palm Desert Tfa^l 1998 IBAM'J'SW

3";v7*— h
t!) Vancouver Tf5yK.X 1998 Ballard FC
#) Stuttgart rf]/'s?X 1998 D-Benz NEBUS

Erlangen TffylX 2000 MAN/Siemens

(2) **3.7L-'>a

K'f'V
-ett, "FE® =k -5 »S#®7kS^51-a >#i8H£ tit V •?>, **A^-i/3>®^at±f 
©Witc*tt-a**ft*6S®««CJ; b*58®6®tfBffl£ ftTV' 3 #, ■X'sW FT-*** 
KBtSi&Sk, x#-c®jebfc**&*#f«*S!:i:t:^S!lsn«o 

F$i)g :
• *B*«/T;v* V*e«/iWE^XE'® (AS/CAN, Xerox, Palm Desert)

• Mmnts/T)V1l V*«g/iWE#X8?i8i (AEy/Vancouver)
OX»iP 6*ts :

■ iftEEtfAgfjii (Sl/Humburg, Miinchen, AH/Palm Springs, Augusta)

■ #****m/*llj/mE ^ A (AH/Chicago)
■ S<t7kS6f)E/Mtt7kS#tln (tt/Milnchen)

cnfe®*SX^—> 3 >®ttflt&* 2.2.3—7 CS1"o 
gffiTkWSSXti: Electrolyser tt (*ty), Norsk Hydro tt (Vll/tx-)

The Proton HOGEN electrolyser ft OHH), Proton Energy Systems % (1HH)

^y(pem*«js) mzmmLx^Zo
xmaxtj:t<D^b*.mnmsks^Aa, **§«)*
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* 2.23-7 6Hro**#<6x-r—

#*0#M
SWB Byernwerke

6 » > F £«*„ BMW
• BMW ©«*6lb*(ji»S* 120L)^©7E#mtt Linde

102.5 'tir- 5.2 fl-o BOR 14 7.8%o
■ * y 7° V > 714 Messer Griesheim i: Linde © 2

M%LT45b, L&t'o
Linde ®'>A*A!4, fkBOG)
"C l*g©*vAV >7o

• 8rS'>A*A-ei4yt—AESo
■ *#***#14 3000 Lo

Siemens, #

CAN CAN
•**«¥, ESSBf Sett Electrolyser Xerox

yy v# ■ 40kW @ Hollywood rfa
El Segundo ■ *S%$» 10Nm3/h Electrolyser

• If jg 400Nm 3 , 285bar
• $# : Ford Ranger(tf "J 9 ~7 "J ~X V z> "J f7)'iCi a

Praxair, ffe

Palm Desert ■ 3 >©HEE%"C, Humboldt #l;k
Palm Desert TfJ

yy u* !W©ii'ij»stii9:saa§icA-6o 
- ##I4, 4kWPUV(d>7*-h)3 <?, NEV(*S* 
-h)2A©?&?, rtPUVl^Ssfff^o

Teledyne, f&

Electrolyser ■ T1V* U 4 3; W 7- A A 6 Riverside
B8%o **%$»I4 20~ lOONm 3 /h0 Quebec

• ^E*ic BC Transit Ballard H FC MA Clean Air Now
m#*&AT-Aa BC Transit

Princeton ^ • #* V7*;i/-TW-e© zEvnAt-encif-rs
y^ v^7 *Sft#6©*"-A A 7 T 4 SS6I60
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2.2.4 **#N*ma**<Dg)*e

(1) kd«*

it,
® *©#« m%frm •
© (jeKtfX • 556 • • 5R • /W*vx#) ®&J( • #JS

® ii4** (n-xxtp^x • 556mm • 6is»sm
ei6Sltt£ft£6»*B*4«*S®f#;i&3X h©|$**li: bT, WE-NET Xn i/*:c X HC

&v\#*cAv\-cmM@gc^i\3x b-c, xmuz (#*

©BitH, *«S&^*5®D_tt:f'&ft-0'-5o

a. *)A<iaiciiit5KS
we-net 7p^x> h-ett¥fi$ 9 $aic&v\#*)c%#w#&©a^Aa:tc@m*m

**®tt**it«3XK!)it*Sf}oW5 (XE[3]) o ti

© mm^a
xmtfz (as*:tix) 5StH, x^y-;vatK, tip* V **JW, pem *»#© 4 >7-7, 

© WlnlB*
300Nm3/h, 7,200Nm3/S M'S* 400 6/BtgS)

©
SE*>^ (E* : 200kg/cm2, §M : 3,600Nm8)

@ BtitoS 
7. 95*#X

¥f$ 10 *$ktc CNG (E®X«S»X) g«j*3£«mi6ltfCffb

mm* c® cng

nso cc-ey, tibc****#*© r#^i6ntE$e%m^xm a fre-ts*# 

x*B£»ffi bfco ( rjgflwisss-j ttv® 10 * 12 nm&)

: 90,000 ft/n
#§%*## : 450 n/raVn
###^ : 37.52 M/m3 (**#A 35.26 M/m3+Jgti#l8S5 2.26 M/m3)

±BB®**#bi&t6*Ki5it&i!*tfX5fi»Mtt 78,840Nm3/^T-* O , C®k£¥B| 

39.3 M/Nm3k»5o
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•'f . ^ % J —JV
200 Btasui^. ±IB©*S#iK

IgfiSc&ti-s y » y-iWSfflltt-e© o.i%e6-eu*&V'©T,

Sffl y * y-^©-SBdsffiffl$n, 6^-5. cc-ea,
1998f 12 8RA©ib#i#mD-u-aLm%©?klx, 40.0 n/kg kv> 

oWSfiSfflUfco 
# *

DiSff^S5S!lKr@OTJ** B (TIB) i: LTSdio
: 1,650 A/kW 

:
BBS (8:00-22:00) 11.14 R/kWh (g#, T©##», *8#©*#?%) 
&S5 (22:00-8:00) 6.15 A/kWh

©
* 2.2.4— i t/TTJioc,

j'S—JiaScK, PEM**P, T)\>fs V*SIS©Hk*oTV'-Elo

8 2.2.4-1 *)*<Hl:fc'l-156eiSm**©3Xh*ai
(Wit : A/Nn/Hz)

II s NKMNKi PEM**iW
E1W 17.6 17.6 16.9 15.7

2.9 2.9 2.9 2.9
14.1 — — —

- 27.6 — —

4.9 4.4 54.5 48.8
0.4 0.3 0.5 0.5

It 39.9 52.8 74.8 67.9
it: STO^XIMS : 39.3 A/Nm3, xyy -llffiS : 40.0 A/kg, S*«S : SSSAiSffWS'JS* B

b. *BxTyu^-*/lcj:5KS
IkGElTrti:, j: 0 , V d—K/Direeted Technologies

LTTIBfflJ:otim^'yXXM, (M[4]) „
® StifiSiS • t>im hxEtyxafcK

• t'yf-'f h*mm (*STB9)
• T/it-f h • y * y —TBfcH

• TVitd’ beHitiflxbb (@P^#(b)

-##*#©b/y/mm (****mmA&i±Tm)
® 0.5kg (11.2Nm3) /E-50,000kg (l,120,OOONm3) /B
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H
yd

ro
ge

n C
os

t (
$/

kg
)

® *#7]^ : 345kg/cm2)

@ Xf-S'3>fflAftt, *UiSt±S$&v\>

© (0 2.2.4-1)
• 0©±*fl'CSSnTV'5a60**#t^AiCicj;5**3X M4,

(*¥©56$) kBllz^>7?65o

• *>9" 4' hXE^^aStKk«(**S© h 7 y 9lfti£ti:, ■)>SS->AfACIUl'So lu 

#©S#nx hAsSV'o 41 hXE^XdScKli, 79 > hSEE^tixnii-e©^ 

X hfi*#nj!gc»*,
• x^xasts, y 97-a* am, ek, xstf^am^essuo

• *>•94' h*e«tt, /j'jB«'>^xAC)gbrt,'-2)o T-^yh^es^ii^nii, g«b* 5

~io ^ffl©/j\iV >'J'5cDffitSJ:bS<»^o
© to^HlcjslA^ISSiESkeibR

0 2.2.4-1 t;a 2.2.4-1 ©x®9x8£*k pem *m#©$m&k;kc«@lt (120

n/$kE$) *sa=A-e$.-z>o

0btt*&ib*©aS;*ttt«bfc»^r, H±si\o m-
©BHtt, xm<Di3W3ii&Jsxm%-pmti%-mtfi%^£tT:&Zo *&, xB^xamc 

o^Ttt, m##m^©3% h (±tlt97>F3Xl) t*m?©#M©A#@ < m 

SSe>ftTt'5o B$S* (**0IK*) li, RS©tol#k*l$ISIa|b**sfflV'e.n-tV' 
?>ffl-e, cw±79>h#m#©mt\te@0fek#^-cAt\«

— -* — Electrolyzer (100 qiy)
------ ■— Electrolyzer (1,000 qiy)
-------A — Electrolyzer (10.000 qiy)
— —™— Electrolyzer (100.000 qty)
— -♦ — Electrolyzer (1 Million qty)

X------BOCLH2
9*------Praxair LH2
■m------ DTI/IFC SMR (l qty)
1------- DTI/IFC SMR (100 qty)

DTI/IFC SMR (1.000 qty)
DTI/IFC SMR (10,000 qty) 
Caroline (S3.M/gal - DM 1.84/titcr) 
Caroline (IlJO/gal - DM O.Wliier) 

• 'Gasoline (S0.«V|aI - DM 0.38/liter) 
— Air Products On-Site SMR 

Air Products LH2 Plant 
BOC On-Site SMR 
BOC LH1 Plant 
Praxair On-Site SMR 
Praxair LH2 Plant

10 100 1.000 10,000 100,000 
Number of Fuel Cell Vehicles Supported

LH2 = Liquid Hydrogen 
BOC » BOC Gases 
DU » Directed Technologies, Inc. 

1,000,000 IFC = International Fuel Cells
SMR = Steam Methane Reformer

0 2.2.4-1 *0i=&i9a8m*m*##*6=izF©K*@i m
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(2) a# e a a# u TOTkamaea

<D&m^<DWM?Z\'*l:mLtzo
22.4-2 iz^to 'bm 

(1575km^n) omn^mn2.2A-2\zmto

' (m 22.4-2 cD:n*;i/:£-iM) *SM©MJ;i7iW

• MSSbftti&^yisXDmW(DM#,

• 5tas#%#mkm^m 1 ^^#ssgm$#, zz^m±tftzg

• a#g@b$M • ESbT^OtfTiatfV V >;W ^V y KS©M^^
• 7kS^cDS^, #W>$ (;wyv v M&mO ^LPG$%#&i//<7i/o

• 7km(Dmnttzz>m^i3Z(Dmmz cng
CNG gibShittstUTsk, gSbiFcDMrJX h ^ LT&TkSMSSgib

• y * y -7VMSSg ib$ ^6Di:b^T» &, &SC7kS£ 6M iT 3ykSMSSgib

ccoj;o(:zk^(±, 4; D 3^ #
(gibs-m^m

(DbZ6T» n^

MfWR/157Jkm)
2JQ00 
1300 

1J500 
1A00 
1200 
1JD00 

800 
600 
400 

200 
0

El 2.2.4—2 68 i EbS<DM=lXKDi£&

a *' 7~ L C X / % *
V V V < < P N #
V U u I I G G J y *- 7k
> > > -tf -tf I i % a

% m y\ ;u ;iz )l )i 7k &
3fc i*i >r S'J a X m m #
X # y a * > n & *
> u V m # to
V >v > to «
> K to
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0) gmicfii&r3 i/T.T-jxm

XxA^SStlsbTfrZt, TK©k*5DTife3o 
$T, *S$tifi • Wa=0 Mcourtt, 8 2.2.4—3 CmiiE©* 2.2.4-1 C^UfcttSrff 

Stfeo 3X h©i*iE"ei:b*»s*8v'©tt, iStBS 1:5*4® (8TO#X) T*3o 
#ma©*c»3©#*#mm#*&#e©i#a@@?&3. #sm#m®a, * 2.2.4-4 eg 

2.3®Ri:M,#6e.h.rv3*s, ch-ttSIffl-fb l ^t£»7*68!;tL;fcfc© 
t, ill§^E»st8x3tcv^»soTfiMSh,3*Jteliffiaic*Svlk#^e.n3o 

B##68fcto3SBtt, a$#%©##k77> h©:n;Wl/f-0*-e&a#, Cft&to 
V'Tli, 5EVM|9*icj3V'Tli^lBl©fflS*616.*^%$-fbtt*v\j;#t e>ft3<,

SC*R3X hT-$,3As, CfttiE 2.2.4—6 tC^xf <fc-5tcE-6-ESftt*6>®SUTiSS L
feo ttnt>%, cctfflig*! : ySe^SiBMffl*5 319 Tint
B#66n3Ci:*6, **EM?66llJ*t:ov^T!4, $ 2.2.4-3 £5; LfcEWffl 40 H 
/Nm3-H2 (C*V'T$ee®fflA5 319 7?ni:^3 =fcaic, **«§£ 245 75R fcgSSt Lfeo

8 2.24-3 *S*8»e«iWlSA<8$S6<IIC)$3t-r3i/XTA»|(© *8#j6-tt#63Xh)

If g 3X h
(R/Nm3-H2)

m #

17.6 300Nm3/hr
Af4=m 2.9 IX, 4# 800 TjR
*»® fPrfJtfX 14.1 39.3 B/Nm3

4.9
fCD#ZL—IJf-f 0.4 ±7jC, XHffi7jC

It 39.9

* 2.2.4—4 *S#me?B i 3->XxA#|
((D 3ES*'XBfcB3Et*SXT—>3>©ttlS:*)

m g os to m #
am#m 61 sk, $bk, mm, **,
«»*■ 47 psA a:

43 EX 20MPa
40

m m 15
x m m 20

-a lb 226
?£) zkSKjSIE* : 300Nm3/hr
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C©*SWt§ 245 ^R©R#R&##L/:©## 2.2 4-5 tfe-So #V V >*©*M#i#
15OJ5R*>f)>tfV'J>#«f*03>!j?-^>mSMb5l< fc, 120 mk
tiZo Ztlt 245 75Rfc©M$ : 125 TJRfelrtC, E#%#B#$##©3>> h 
&JK4b 4 C. i; #-&5K: ^ e „

E*4*?6SlbW#®3>4t-*> h k ITtt, E###, —#S?6, n> t-n-T, T- 
4', *S®®-h^4'>4'*s$>.5o Z<Do%, —*S*, n> hn—7, T-j'tc-ov.tliitfV 
v ww^o 7 ■?ft6#itcaffl6#/SUTS:;e

ufeo >47iiaa©^#ttS:< am#©ga#m#
^e.affl^is^tfc*5, **E«**©#fis io Tn/kw, **»*£& (rn.rn.mfi 2%) © 
#@ 3 TR/kg ti, M%iSk UTttXSnJEttOifeasa&ttk#*ZtiZo »*, **
Etta 2.2kg ©»■&, 200km ©ilStEia*sflt«t?S5o

c©ZoC, **E#mm@*#l±, **E«©*fi§ •«*&©■*>?>'&, S#3X h©H* 
?>*, 2&(=zL--tf-i=k7-c©eam©m#6%, tjvo>#kHH©ESfro*wf-6->x

* 2.24-5 **E#«i6i»S*<8gtMICfit2r5->XT»H=IXH *@:TR

#vv>$ 7j<s fc * m #
#®gs» 1,200 1,200

250 —

50 —

E*4SB — 300 10f R/kWx30kW
— 200 8f R/kWx25kW

-f Wt—£ — 200
— 150 **tij* 50kW
— 400 ^3TRxll0kg, **««»2.2kg

^ m- 1,500 2,450
}£) *«: ;j#X>

$ 2.2.4-s A«(®

** FC* m #
(a) 1,500 TB 2,450 TB

E# (b) 8 km/1 8.11 km/Nm3 7kS FC V V >#£> 3.125 fgh Lzfc

aisseggei (c) 150,000 km 150,000 km 15,000 km/^x 10^

E#$# (d) 90R/1 40 R/Nm3

&w*mn (e) 1,690 TB 740 fR (d) x (c)/(b)

Eir#M 3,190 TR 3,190 TB (a) + (e)
i£) *a: >mn>
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2.2.5

(1)

a. iegsas*w«cDitt$
£m£M.'atZ!Hm\~fttZ&WbLr rmKam*M&j TUZo

Musas*watts Mesas* s tc a t seswiSs ess*. i«iw.
TiSlTSI), S^kLT naesaS*iJ4©«Sat*j . rgtoSSitfgSSfflj »i:"#& 

5= MBSaS*Mr£©X*l)tJitx*t;i, *W©a^#k&#PAlh%&mef S^AI:*M©«
cn6*m»B5*J;ut^ro&©@eto&#«c=ko-cS«1-

S in'-5 c fcC&So
&M&/SR# si A^i:i:*i%#* (*#) zsifzztftmm-t&Zo tieu

ES:*©a^li;Sjt®$69(j'^©65- -li8to-e, f #t:Z b*m@##©*#A%l#$#So
I f)Ci:©*#Ab^g)k*i: LT, itiS*, a#*, Siti/.*&i:'As6So

b. *ss»*©as©Ga^it
7k^Sft*©i*f£l;t, ©*C*mt:M*SKaA%u* (?a

II 4= 2 ZtiPb, S#lftiC<Wlft&*[Wi: LTfcbftSCiill&So
* : itgSMiSipfito&SSiSto rSE#X6fS!Hi:158B*j ©IfeJHCtt,

xsMtssstfx, y ti'-5aa«ii±*a*!. r**j
SS: £EB>fc‘i5*f7.j kV'dsSEIi&n.

ssjg/E&sw-fctfvu
Ufce^ai r&ifiSj t LT, «It;**gft*£K# ry^yj $

fctt r#Lv.*j kLT#%&SI£%ca#mm'Jk^6o

c.

AM*, at#*, RIL:#M©*M?&^7A i

M<S»sifctK • fi*te±tt£lf*©fic:i;f;
EHUti»r1~-E>c i:C & b, #St£|g*6s«©„ 7k*gft*©^»©fetocii1tiffl«))*'fb*s 

^©£ctolcli**6to*t£'3vr©tiEE*ip-6$to^.-BSAs$>^o LA>L&ASB, $ 

to<t-5i: t ■5««*if-©a stt&tutti" scot--$©m©#wf-f ^#c% »= 

c©MW^eg-jlj-ro-W-A^SSto^v |J >*©id* •flSW&*CMTl~ Si® 

I? (f©*(:a*SK#m#&@Asa@) ©tgBkUT, vt>i9>S r^BSggfflgj

ciitiUTi:/f;t"7a$Sgj8*rTj0®S*ipB 56*© 4 JfltclE-3 < 6®-e$>S0

— (SS8iI8*|ill0«$*ipm 56 ^© 4) ------------------------------------------------------------
SttAE*sffi®3mSMlcooT**(;£to5**©[&#CW-f 2> fetors*5 $> Si: g£L 

feM#gft*XliaSft0ft*T-^roStf©£®t;<£'g&4£K±XI;t:&8PJjih hfflfflPM£btbfe 
6©(£-DUTIi, ‘g„3S#SXG$l*(cBit"S*S©MSId:i8mU»l'=

10.!-



cw±±;a©±Em&#j*c 161 ©-c*. 6.
*E®S&Slt^>l$©atil»St:ovx-cij:. $S • Sipple JiSS/Eti&V'©-^ til#*5 

3##©@aa# (Sto*s«s) tmmmmtzzttKZc cn*T-tc*g^*stnz 
**? jcng£©it«-e, *S8to*»s*Big$&gi*-&l$t::Sgtti 
s^toe-nsessrS^Lfc©^# 2.2.5-1-ezfe^o 

*Ens®«©T7!Wfe$nfca^©7:-j'i:S'3V'-t1 r$^±j5,tyt&aE6±
_k, kfi»ru (@m@##©<*sm$#)

©ilia • amgwe&h&m#-^ ^m@m#©±Bm&#mt:z%m^«*#TL-m©@m
Sk9«©auSSIj-^ckC»5o OSD,

«2.2.5-1 *EB$*a©Kf©aaiss(ies)
*»sw <«m ?m jl fr y ”^1/ cm m *

1. *#« 0 O 0 -*"386, * 
Wt, ft

2. A O 0
3. ESb#®MS®ff*a* (%:) O O 0
4. #s • sH«em#

®.A#»#m-#m®m##
O O 0

m
<s>. A O 0
®. A O 0
®. O O 0 i&^nm

5. O O 0
6. jWKBBia A O 0
7. memmmEi A O 0
8. mmmmmmEi A O 0
9.3ite#j«?ftj£ffiisia A X 0 CNG
10. ->v'>5s»w (m&m O X 0

ESSS
11. mm#ww A X 0
12. «fiaM»ar^aw# O 0 0
13. KSteKigiS (r~p)

®. #7»te6® (tt)
O 0 0 cng..........>m, mm

A *? J —;i/***Sl
0#WW## 0 0 0

®. MiWSSIteK*# A O X

®. O O 0
©. O O 0 cng..........xte&fflm
®. mratows O O 0 A *? J ——*?
®. A O X ■emftSStoK

S : Oiitti A^lfl xam-S-f
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U 6DS6EAT t S <£ 3 C& -a,

&£, CNG §lbS©a-Btt, ¥fiE4^$'r-(±gPrp«xWH#©A.trJ;^5pJffl-efeofefcto. 

%m#a^*©@&ti;*Si®ur¥fi8 5^2H»‘e.*igB$®j 
sc^^esc^ffbfco r«tf©/;©(;£'B&ffi$±Xtt£SP;5it±©»]

ffij ©iwmsti:, cng @m*©*g

tg^Ei'asl£Bfc;*ftfe©tt, Si'^!i6*6 2# 11 -^flE©¥fi£7^ c©mic,

*Eigsicj;be«$n& cng g»*tt 488ire*o^„

d. *«*SS$
***ss$hLTtt, ms.9>ts ©3#a#&om&

&s KE* >» >^7C-3VM:tti6E^^«$«©*tS (35°Cl:A©ty-^E±
!MPa 6Lt) k& 3, H*t4;U:f©Mm*m (it LTggSSSmhSmSSMKtoS

$) tcd;^S®JSSIt^o §$«$»] Ctt, S$©®fl OEi&USH, SSS$) , ESI •
mess, gym, ^x©3eJ*©s$,

kd L£i»E:y;2SggC*hl"3«$eipti:, ±k Vtx*ffl#x®/J'nEi$lcffiffl1--aS$ 
S Ste t k i> ©T- fc &, S k UTttT$iK^@A!4 DSCiWJ. CNG ffl
*«S$©«ir, f 3 LX:^#^©##©^©, ®S$68tb^L^±T-©$«gto«IEfflm, 

©estitiSEo & n > * y y hssmffifflttnj, ftkfflisiiawfcnT, cng §»#©

Zc^ucniiawffl cng @m$ma

E^X-®6S*LCLTVN^60Tli^V'©T, *SS$KoVxTttafctoTSSJi®tt©te©©

C']l,''TkL 35°CT lMPaJW±©E**sS l:^l4-na«EifX«gffi© 
*fS£ti:&6&i'As, zk^AsSIbSfflk Ltl±8fU'Etitafe^ckCAntt. ytoE-B^ttc 

n*T'(c<trt'Ess©sfja*aT-a>?.0-c. sgsas*iws$tettf6©<Bie.*©$»©"re0e 

#%#©@#Cci\T#Mf 6&@A%-6k#%64l6o

E#@m^K@©$*^©%owma, mimmm#Ma©m^k»-5o *zm#m©^ - 

iee©$t)flit®6x ■. *s©a^r

*i9S©Ev'k»-E,k#t 6n^,<, *s«#©iask vt. m@#©#m, 7?-snfci9©a 

V&k'tcouT&liMW'.&Sk#;?. ?>tl2.<,

c©i$a\ CNG#,

E#m#K@m$(cko-CKA:<#L/V\R#-C&»),f©gAe#CMf 

SiStlSi'. E#**«6I6*©S&»SJ: 9$HCffi-dvxfc®Pg-e, -e©<t®Kt>S©T»

fcfc, iso (51##%##) T-tt2004^8*6, E»« 

tt g ##©R#©f##'fb©#W&K%f 3 ItB k ©tit** fe -5 o
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(2) Xt^-v a >**©**«

a. **©sroav
ffiB*Sj3<kVEibicSIix SE#xe$SS2Sfelc$toe>nTV'-a riE^JXj (Sffl©

$$xi*s*35‘Ci;:*^Ty-yE*asiMPati±»s*fa) ©fiK'&gw-*., -en-en
E«**:WEtitfX
«<b*S : «^«X(nIEtt»X©@eSB?Ett, Wb»XkLT$&oTJ;V)

b. »x**, ****©if* -
#X**, • ®a^©ffSi(3:, *2.2.5-2lc^1-»xttl8MjaSS©ilfl6

tfEiScfcWfmKHbTtt, ga300m3tt±©lfS6fio-cu5air*sySk»5o

# 2.2.5—2 **XE»Maa«-K

Nmmm

m*
W7kS©S?jE

-«9i*E*x«ea»j
*22# (M#cj:o##?&*imm-am* i 
*26# <* 2«flf«m*2 izmamxm)

-ll$i«E39X«S#fliJ *23# (&gglcJ;OMTa»if®8WXi|i)

-eiWEy9x«S«fl'J *6# ($eSK»IS«C#to38«±®S*)
Efifok#®** iWEflXti&iS *24#®2 («R)

*1 * i 
*2

c. »* • if#m@icMfami
e#m#©ma • k-*©»mkh

-e©*mi±*2.25-3kto?&&. E*i**ttw«tt^xi:UT© 
SMSStt, fltffc-kStiWbtfx i: UT©S$|J6§^5 (@lttij-BS^*t:J;oTI4, EE* 

*&E#^xk L,-cmaosr#*A&%. €©»^tt#© ioe©if*$-t?rFsn-6)„

* 2.25-3 a*s*iiic*5**©®a• *?*©*wi»*

*-#<i)gWffl 
mm, ffigma

mmmm*,
wsms $x#mm xSW

xSSffljM
EEzkS

(Nm3)
35 70 350 m®J®

1,000 2,000 10,000 mm®
##zk*
(h»

3.5 7 35 ME
100 200 1,000 mm®
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d. m8©jR#!CMT5i8!IW

i6l§E«kUT, raiSffiXlii8iagS<IIA>e.«Ste<tOfr5ZE#(m)©TOJA$$.Ds EjS 
|g*(E$i*Stt m3, kg)m tzIM9MJJt;*f(6 LT. i2.2.5-4 CStE*S»

cc?#-##$##aia, m# 20 «y,±©®ssas
&WT-E>#il& (SSStt). /£* 300 AfcLhffl#Ji# • B*H8I • 0###, 1 20,000
AJ-M.±©IR©eS&yt7'7 y h*-A. g*6 • v-^-y h • #7T71/^-CE#^$&©t©& 

jRS-r-6 iooom2«±ffl6©T*^= #%#*$##ki±, 
goffl tffi-r 51> ©T-fe ^) „

SE^A$®E«tc*lt^>Ma$«©AtilSS$l©ES6H 2.2.5-iCmf,

*22.5-4 «$teWcM1-5**K‘*-toS8i«©SISE*l

maxima* A: x(mssfeiikg/B)
0s*< 10000 10000 sx< 52500 52500 s jc < 990000

b omm w 12V2 = 16.97 —>lx +1000025
30

s-a«swff*>e.®ig« (m> sVI = 11.31 —Vx +1000025
30

10m J^± (D—U—) 15m 1^±

**©**«#

SIAtt • *A*#R

»#»* tea* 3 Mm 5mt*± 

(earn s \*#) 2m «±

^^^TOm J^±

* 5m * iSE»*XEW

lmXIiSS©^ 
*X ft© 1/4 LM±

BJjKttJ'XXtt
#*©«-#

®sm, mmm 
mwymm
-MM

7000V y, F--2m ti± 

7000V K±

0 2.2.5—1 *E**x«aKw=m5M*&a©3ci6«*i©Bs
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CNG, LPG, LNG X# > Yti&VX'J') >7$ > Y&s Ztl?tllXToMM££. bffilS®

iLmm-rz>M®iz§:ifZo 
■ CNG X#> Y : -<SiWE#X«eSfliJ®

• LPGX^> Y : Mb5*#X{%g##l© ntlb5**UX
• LNG > K : -<§SE#;X«$8UliJ
• av') V7,*>'s y: #m©
•LNG, LPG 63Ei*t"5a-BttiWE#X®$iecES U -B &fe 0 ©JffiSS (100m3/Btt 

±k*#) Ci^t, Sf5-«E#iS:fiSk$ ft S„ cft&iSStt, fFW
ii*frx-©ii'ttfti'„ cngx * > kttgysip»$$>-a„

• CNG, LPG, LNG X f LT##Sf 6#A, iStoS®«®J&Sy5=
<toTiprun-ii**5®®c, ea##®Bm®m#cMTem 

(PJ*sfe-So CftlCjlb CNG©##Xg#4\ LPG©»>X, X'J') H®
$A3* 2.2.6-s t:sfJ:dicji®Jdn-cvx5„ cng (coi'Tli, *#klBlb

aE®E«i! i/io®sfEL*igtoe,n-a'»A3ofcA\ E##x©
&vtc$B$n$E®se$-c»3E,i®r-$^^kic^o&= sfSE»®titti t; i o @»is« &
Sf3Ci4;< CNG §«I*^ffllS»B$fafflffii®^*3nJ«gi:*ofeo

* 2.2.5—5 ttEjtS^I=*56#E»®@a- »?K®fllM#e

rratbM

SffllttiS
fiEM

mmmm
mmmm ipxSWt

CNG(Nm3) 0 350 700 3,500 mm mi®
LNG( b » 0 3.5 7 35 mm
LPG( h >) 0 3.5 7 35 mm mm
^VU>

(L)
0 500

(50,000)
1,000

(50,000)
5,000

(50,000)
mi® »JE

8 : ( ) lii6T8f65#C^H'T®t#ffl

f. -f>77
*SM(X^—-> 3 >®SBt:$>fc D, *SCHt-5$S$J®ET'*6$|E|6s64e> 

ft3©ti\ S2.2.5-3KSLfcilE«ip$CJ;^xmJSSy5E$B**®6fj®fi-C-fe5o BP 
*>, *###X©—i>a >SS*168ft:S§*t"6 C i !*?£#£%* btiZ ZtZ&O f®#A 
70Nm= (=6.3kg) tfMXR’MMZ&5 Z 2 ~ 3 & VA3*S#laAs

-eS&V'.ckC&So ElcE$g**AiWEtt»X®EV3*36EiB/X®&v*o^i:LT6, 
wmiZ'MZ 7fX)Nm'-©lrjgiitti: B#$ 20-30 0, $£^3Sfl-"C

a >©##§& LTtt, f® 4-5 (SC W-6 2,800~3,500Nm3
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#*#tL<AK-mc#
S#S 6 ©$e^5;t>s<ev> 1/3 s, 7"Dyi>© 1/8) c >C

*3Sflt$§x7"-'>a >icMr6S®jc-3v>Ttt> 

-®»telc*5»5»S6#'J'Elc±ii)5,fctolc> 6f#^>®aiSS©J6TIS:B^ $fcti:|»8©tt
iSkySxAwev^v'Sfi (tie) 6#®'3(j-^-i;>5»s8-i>k#x6n?>»

«**s (lh2)
t, lh2 g»*. mi±7km (gh2) @m$, %m** (mh)
**ft*pXf-> a >©§SB0!l£H 2.2.5—2 fc^c-fo

1as«E*

11.3m

17.0m

17.0m

@ 2.2.5—2 tS#$&$xfc*£$tg7,T—>a>:£tti0i|
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2.2.6 **<6S4em6«lSroSAi/:hU*

e*fl©Eo©s^e.©->^v* (82.2.6-1) smsufeo c
titiu ®$f-54'-i'AXyt>t:j;oTE#$n5fgffi®S«6sEbo-c<^kvx-5--Xffll©

3o©->XUXffl|$S*fll@i:E$liT8fflkj3DT-$.-6»

82.2.6-1 vX'J^-©«S

m ^ m S
W&i'j- V* 2000-2010 ^ 8E6‘e=8ffl-fb, **#Acm&aex©f V7f/<## 

#&, fflaM®^#su6A5e>^8sx;(csavte<,
2005—2030 ^ iwi, #Aem, 7jc8sse»k-, sero&aa b &

fj-Dfco

"t 2005-#^ 7k*«#es s es®$#«*©a b *t> b 6sa l£=

2.2 r*^E#*S6«j*ffl9Air*f1-
6M##©a#&ag&6ckj, rnmttmAzmztztb<Dmft*wt>frfcbx^'&0M8iilcg.

T-S>-5o ^©fctoic,
• **###ma##©*Wb©^-9&mTl-ck

• BTIg&K b 5£S6<J&IMW* b 6fi5 C k
• n#%#A&0-5±xM#mg^&mi^f c a

SIBtlfc. C®£ott--Xfrt^ &'>XVtftt, E^PI^^WbiS^EffiWCfTb 

b#Ag%#mmt:m6a©mimcAcT#mL%i'6. < d kjst?x-xjt,ff

fiSttB•encj;oT4'ia©i*Witot:MVTj8f)c»tofl,65^e.n5i:ttex6>n 
&u©T\ ccxtt r^An^EIHWatfX-Xj ®^&#WL6.

r^*$<gcsSLfc*©j f&b ^ T-li

*#W©B#©-o*: r^g^bj X&60X. SAIBf*S-^SA»tcMLTnTIg&SBBT- 

B*&EoTSLTU36s-eh6©f&*©d*.©fr»9©gfr9-tiU WG (CbttSItWIcS^©
r (#sfn«wn$©escj; b) gsstfe'fe©xfe-?>„ f©A#x. wTc^t&z/x v

xtt r^i$©tti%& teB-iitfen-So

-110-



(D

2000#~2010^©SX$0*SmXaR5tC'3V>'ri H2.2.6-1 CS1"i>XV*6#fi8Lteo Z0

T-afe^o -saesiKA-»ifintmttiZo LfcASo-c, A#

©®A©EnkUTIi, K j; &%E A-^ ©##, ss®j©bs^ -m
am • *teto^skvxdJB»tc*^o

®$*©m* - a=ma. ^ r#eu t
»6. -iKlqllf ©&mM%ld: 2005 ¥. eSStott 2007^k Lfc,

®2002~2003 WE-NET XU i> 19 h CiSV'T @#J# 3 >©HtEI»&

ff)o *fe, 2005 #©m%nmm#m6#K ?©«#*©as»ci!i'TWi«f(iig

@*sxt—*®ttt$EtoSA©-^k vreissn, 

usiRiitsast.ieissn^

©»»»J_t, **##«#@*$kL tbx&
t>n. sex*©®]
/6«2005^E¥kU^o

*«§s©«^bi^ ^wtmtmm&tzz.tvxzz,',
®»A*att'j>s©#$#xa—> a >x®mmtmw£n7^ mx#, ###/-;>#¥-?&tx 

LTffl*«#tC%»A$n?>o

®5\z'&-oT<mm>&immu x^-'>3>Eise©<B#¥*Mttig©i9±

cne,©&>-c\ RE*#*#m$^-#© @ m* a H#©m w:»-s (abe$*s¥$ic» 
a) $T-ck'n«»©siffi •toWfflfS6sr^*i*sssm&ato-E,A$»aEgk6?l=
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•F? i| m

R R ^ R

2.
2.

6—
1



(2)

a. ->^V*©E5

30 v a L%. **###
^©StH&ffofco S(#©fm&B 2.2.G-2 Cmf. CCtll &*#%$:) &#©###! 

©Sf«SS**Ctito^>*SSI6*©'>3:T6->^V*j:bT^x. *S?S@e

^^ISSbTU-So C©a#&, 2005^~2030^©^rtt;ffofeo

V'o

fc

X?----->3 > 1 *P/f x?—>■ 3> 1 *rtr
at%*##*#

- < m&K

4-ia©'>^ V

0 22.6-2 *#e&, xt—>a>», *#m%m#©K%#m
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b.

isj- V ©UrSfESWW Cfito-5 *SfKS*fl6 SWfflyir
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xs^xaststostosir, a+WictigtsftWffltt^g-tiE-e^T-^-ao sgm-fbtisiw- 

•m, **©#*&3% -e©&®, #iS3x h©e
«, m$i8±, ^-f-i 'jf jftfflifiiis. am##*, m^amfb,
3W1^ Hb%^0g@*#$©6ji6o

%urv'15dttife$.-6, -e©*#%aaij: r**#*&4">7?©##©m&^As»i\j a# 
^-O^A^T-feSo bifetfoT, 8##/-*-!:**E###8##©m%&(Sft© 
ttt, **tt*&'f >7 7©*am##&»6/<<#v\mm-e*KL7K-ji/T6ckAsm@ 
T*fe3>o Sfc, E#SS8*b*©nm{b@p@7?tt, • **69ic**X^—> a >©S

i§4it»5c t *s*s-e*^o
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(2) giSftSMI

£-f&»©*Sfflte^*ffi«&©-0itiu i"2.2.4 

k*5DT-$>5o
3% ####**!!&a. ***

mm§, **«iai§«w®3^ Ms^as-efe-So 
*SE®sttC3vxTii, mmbwmzitmmmAi.*)^-'>3>mm» («««£) % 

'nLT'nt>ti, a > i »mw6 D < k?m$ ji,6. l

tzifiz>X. it«fl5'JvJ£« (»+ NmVh) r-fi3X h®#tiieE6m©H%*sa$n.So

(3) ttffttHH

a. $«ffl®6«
zkXttgtoSfflkurttEu^ti-efebx «6®s*M®rf)T-tol$£n-0'»i,'c£ 

#6. #sp. @#f %&B%. <®l$, CNG S«b*®J:d»56ff

b. »A©fcto©S18
SAMUCSinTI;*, *SS*4*t66IbB^ig^tt®^r-sa*klS-6-r£ ©fct H*T-$> 

•Sk^BSnsci:*^ Sj&tEje© £ to CtttofiSSRtfitiBk £ to 3 „ *£> *R0gSt 

A^-i>3>®BSSmaefi1toCfi;3-i:>B*5feO, 'tol'A^-^a

c. mmmi
zol6#A#&©6to©%&##««##m#©#mk*#, 

@#$!imm©#wm#©m#x %^©#mmm^k"©@#&e?** M*®+y a a a-
k^A^to-a,

d. gm*®@m-jit©%m<b

±ia©st*sfi:oTfT<cafed, **###%@#$©mgg±©@s^^6

kk*s*f#*k«t2>o
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2.2.9

(1)

* 2.2.9-1

;w y; v M$ 7 *? a —j]/ ^ pr 7 —yi/ft#
LPG$

M #

#g##,

TW6o

#E^/W 7 V v 
MXA#XA^# 
(: # A $ T
~h o i —tf )V •
m^wW,
%,XA^#C# 
A^flTW^o
#v v > -

{hft#i£~?fzo

h A v A#E##A

#A

/j\mx >,
$, s&mxA^c 
$um$aT^5o

1994 # j: ») - gg 
7 — -ft — &/j\M h 
A v A & 85 # #8
%o

m 2,600 ^ 
m, 730 i4(±m^

'7~ i*----tf )]/ x. — A
226^
#V V >X—A 
^2 7;^

540^ ^ 3,000 #) ^ 1,700^

59 7 pft ft] 6 7j 7 Pft 53 7Pft 80 7 Pft 1,879 fm

#AB#
m

mmma

SI3 Tf? fA & M fl ~t 6
mmxA, r^A^ 
h A V A

^ h 7 v A
C^/jN^J h 7 V A , 
m^F$, mm/^A
/j\g;x>

#P rfjfAJ $r^ff ~t 6 

Cp/J\§J h-? 'P 7

- 12 7-



* z.2.9-2 is a
mm am* earn*

MW m
g

$

60*1
/M*m
I

$

mn
g

$
fi

I

$

/J\m
$

1

#
m
$

$ It
# m

$

1

$

It It

1985 0 4 — 28 8 7 47 142 41 444 0 150 777 824
1986 0 5 — 35 8 7 55 142 42 450 0 100 734 789
1987 1 7 — 29 2 14 53 142 44 400 0 50 636 689
1988 1 7 14 6 2 14 44 223 41 444 0 105 813 857
1989 1 33 14 4 2 16 70 254 17 618 0 105 994 1,064
1990 1 32 14 6 2 17 72 225 31 603 1 75 965 1,037
1991 4 37 12 25 1 23 102 281 11 809 1 81 1,183 1,285
1992 8 54 19 70 1 29 181 278 21 949 5 107 1,360 1,541
1993 8 99 112 2 29 250 278 47 1,073 2 296 1,696 1,946
1994 7 110 15 120 2 32 286 — 70 1,300 2 600 1,972 (2,300)
1995 5 129 17 126 3 33 313 — 80 1,400 — 700 2,180 (2,500)
1996 5 174 13 115 5 36 351 - 80 1,400 - 700 2,210 (2,600)

* 2.29-3 >»y-^s*6»®s#siisx±*@ie»6$trottie

*F6

(ftf) h±>*~
n* It

mioo
-saT^fisei* •AtT*ms

ItM85 M85 MIOO MIOO

It r-f % 7^ % % It

1990 83 68 151 12 0 0 0 12 95 68 163

1991 96 88 184 32 0 0 0 32 128 88 216

1992 107 139 246 20 2 4 0 26 127 145 272

1993 118 267 385 20 2 4 0 26 138 273 411

1994 121 314 435 14 2 4 5 25 141 320 460

1995 127 341 468 14 2 4 11 31 152 347 499

1996 129 395 524 0 1 4 11 16 140 400 540
a : 1) tfy b-f'fy, 2) f
tuBf: cm (an
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* 2.29-4 3E«$»*Xi

4#
(6) ('rffr)

1984 1 1
1985 1 1
1986 2 1
1987 2 2
1988 2 2
1989 4 3
1990 21 4
1991 49 6
1992 123 6
1993 243 12
1994 421 24
1995 759 34
1996 1,211 42

* 22.9-5 eiisrosasmiR
$ #

842
25

h ^ y 7 123
a## 46

5
81

egsw 84
ettges 4
7^- —7 U 7 h 7

'rII 1,217

* 2.2 9-6 5c*$A*x 691 filR

s a
151

X3 • Xf“'>3> 21
16
5

irl+ 42
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(2) *v-6tt*ro*X<g*©fcto®tofie«ME

# 2.2 9-7 B©BSl*#IS(-tCD1)

#Km#M euso&g

St
8t*&Jr

##$ i&AS¥(m^:S$!)S.A^*'xSI6S>>
? y-;vS$bSx^wy; 7 KilfrS)

: 1/2

AS^0 h u — )i/ij — # A# 
#

3R*Jf itii^A&Sft?!>'\ AS^° h D-;v*-«b LTEASS 
^#Af

ASMlkStBM# : &m#(7)l/2 
f : &$#mi/3

<7>9ti&Sc#»S
AS

##%##{*

r&S««KSroM(*»i:S81--BS*J
E KSfi-t 6 #
A1- i> IS U gt i *ffl <n-ffi £ fflSt 0
#st$

1. v-%#&##
®Ai»¥,'W 7-0 y Ki»¥ : ¥»9JSe« 
A!*»"x61tS : V -x#oi/2
x yy-iweii* : sasres CJ-X1E].)
y ?y -;ux 9 y K : SS

2. e&Btm## :
f 3##-, f o-BG (±Kl.m/2) *MBt

— Jf N

##$
•M^ESo|§:St:^ L#%

mmm

**&»*<&*£««*** iiEESS
##$ %#$2:0#f&m<7)l/2

LP»-xi*jSf£#M6t

— Fj\
B*L PtfX 
fin

i KHMOx&Ef 5c)fe«rtT-ia*IJttS t & i 
6ttilT<ori-tfivtlh&g<7)L P GS^roe&izitL 
ffiSt

#St$ BSAS.yr8i:iS*oi/2(io^B/6»5IE*)

lift* -Jf

(^ V - OS
SA»01/2$r

ffi@r: «•*#«• ±
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# 2.2.9—8 #2)

y v - > i i*s
#%####$#%#%

[x:i • Xr—> 372000ft M ]
-Jf,
(H)xn-Xf->3
7-ffliStS z?

cng / y y -
#.L ?
%

### :3.3oo^m/m
CNG%#m# : 5,300^M/m 

: 2.3oo^m/m
3#* : ^200^M/*^r/$(3^^)

mm# 1. (-A&##)

g : 1/5, : 1/5
2. %##$#

EC^L##
##$ g : 1/4, : 1/4

f7?? Cit+Sf&ftSS 
SAISSSS

X

# (yyy-;i/,A^^%,T^--tf;i/-%^;\4'yv 
vK) 19vy^#At:^L,

h 9 v 0 1/4
ife/J h y "J y fflh££ 0 1/4

m## t o -;i/$

(%m$ioo%)

## (tc^$100%) taML,

60#%$#o ##mg(±y-<f&(7)#m, tm#m

^At:6##(!-!-y)y - ^-(o—3o
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$ 2.2 9-9

SiStSM

#flJ3 (4.85%)
0#lt$ 40%
##3 (4.85%)

70%

(%A&)
±m#

y vv LTmabmgmm&mmm#
Z 0 2.4%@^o

%$ : 3%-»0.6%
:5%-2.6%

Ail# >
am#

y y y %c/y\^ y v v Kgm*;$(7)

(1998^3 ^31B ±T)
- %^%30%<om#{R%]?)##|
- mm%#m%(07%co#gijmm#^

Am#
% ^ > Kcom<D#t6±%^litD

Am#

Am#
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$2.2.9-10 i6^6;6<*roe)i$eiS(-eroi)

$$#, AE 
JI|<$rtT^

&######(*?
■£*£«$ (t£fit$«#MKi«fiJffl)

-^a#: me
? s -n'&ibm* ?<Q»Alztf LMBIj

fi£SSigAl$$S@)ii #3E!^ wm# : (tt)® h 7 v 2@£
• y f 2 — BRi$V — A^j-t-At'f"£6!)H£,

1£&S¥»A-«jfcte« y^a#:

-#a#:$Kr# (f#rfr^i^<), #%me
y v 7 pm#6$:.y y y -^##6$.

i A#y;% a### v-%####%
i

yta#: ^>^&A
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-#a# : (f±)A^H? H 7 7 yt&e
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Sti8#6/<xStt^i7)Ki 
ffi (iSf^^SAW)

•w®t:
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# 2.2.9-11 (D2)

mm#f%

rfi y-tm#:

L#R%

##%!&$#

jll^rlT

-%:%@#A$co#Ax ^ ^ V - y L

-#a#:R^$##

A/V-y

^C^TfT ytm#: f/j^m

y v?

;tR%TfT : Ttrm###

#A$ y+a#:

ym#:

A - V - y t:# L#%

: &m##z

1 3 4



(3) 7kS#me;661bScD3IA->;hu

00
01

#2.29-12 %)

(%ft)' ($) (t;A) 2005 # %#I7 08 09 2010 itm 12 13 14 20:5 16 ..... .... 18 i'9 2020 Wm 23 24 2025 !#: 28 #1 2030
6 12 0.5 1 1.5 2.5 4 6 8 10 12.5 15 17.5 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

5 io' 0.5 1 1.5 2.5 4 6 8 10 12.5 15 17.5 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

4 t >?■?? 80 10} 8 0 0 0 0 0 0 0 0 0 0 0.5 0.6 0.7 0.8 0.9 1 1.5 2 3 4 5 6 7 8 9 10

2 t >t->? 400 10; 40 0 0 0 0 0 0.2 0.5 1 2 3 4 5 6 7 8.5 10 12 14 16 18 20 22 24 26 28 30
'1^A> 350 10 35 0. 02 0.025 0.05 0.2 0.5 1 1.5 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24 26 28 30

##^l|||l 1100 8 138 0.00/ 0.004 0.008 0.015 0.03 0.05 0.10 0.2 0.4 0.7 1 1.2 1.4 1.6 2 2.5 3 3.5 4 4.5 5 6 7 8 9 10

mm 4100 10 410 0.001 0.002 0.003 0.007 0. 01 0.015 0.025 0.05 0.075 0. 1 0. 15 0.2 0.25 0.3 0. 35 0.5 1 1.5 2 3 4 5 6 7 8.5 10

mmm 740 8 93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 1 2 3 4 5 6 7 8 9 10

26 5 5.2 0 0 0 0 0 0 0 0 0 0 2 4 6 9 12 15 18 21 24 27.3 30.6 34 38 42 46 50

11 6807 729.2
#2.2.9-13 mxis 5S)

2005 06 :7:#7: 08 09 2010 slit 12 ■mm mm 2018 16 IIP till 19 2020 Wm WM 23 24 2025 1111 27 28 (#1 2030
0.01 0.01 0.01 0.02 0.03 0.04 0.05 0.06 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23 0.24 0.25

3f^sSS 0.01 0.01 0.01 0.02 0.03 0.04 0.05 0.06 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23 0.24 0.25
4 t \7"fi 0 0 0 0 0 0 0 0 0 0 0.04 0.05 0.06 0.06 0.07 0.08 0.12 0.16 0.24 0.32 0.4 0.48 0.56 0.64 0.72 0.8

2 t ^ 0 0 0 0 0 0.08 0.2 0.4 0.8 1.2 1.6 2 2.4 2.8 3.4 4 4.8 5.6 6.4 7.2 8 8.8 9.6 10.4 11.2 12

0. 0(7 0.01 0.02 0.07 0.18 0.35 0.53 0.7 1.05 1.4 1.75 2.1 2.45 2.8 3.15 3.5 4.2 4.9 5.6 6.3 7 7.7 8.4 9.1 9.8 10.5

@A> " 002 0.01 0.01 0.02 0.04 0.07 0.14 0.28 0.55 0.96 1.38 1.65 1.93 2.2 2.751 3.44 4.13 4.81 5.5 6.19 6.88 8.25 9.63 11 12.4 13.8
0.004 1 0.0082 0.0123 0.0287 0. 041 0.0615 0.1025 0.205 0.3075 0. 41 0.615 0.62 1.025 1. 435 2.05 4.1 6.15 8.2 12.3 16.4 20.5 24.6 28.7 34.9 41

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.46 0.93 1.85 2.78 3.7 4.63 5.55 6.48 7.4 8.33 9.25

0 0 0 0 0 0 0 0 0 0 0.1 0.21 0.31 0.47 0.62 0.78 0.94 1.09 1.25 1.42 1.59 1.77 1.98 2.18 2.39 2.6

at 0.02 0.04 0.07 0.16 0.32 0.64 1.07 1.71 2.86 4.15 5.68 7.05 8.41 9.82 11.7 14.6 19.5 24.9 30.3 37.8 45.3 53.5 61.7 69.9 80.1 90.4

#2.2.9-14 7KS &(4M&: 75i$)
(77^) ;2005 111: :##: 08 i 09 laoiol u 12 13 Bill 2015! 16 17 18 | 19 2020 21 l#l#1 24 2025 26 27 28 : 29 20# yi7

0.005 0.0125 0.025 0.045 0.1 0.12 0.17 0.23 0.3 0.39 0.49 0.6 0.72 0.84 0.97 1.1 1.23 1.36 1.49 1.61 1.74 1.86 1.98 2.1 2.22 2.34 39

3f^W*S 0.005 0.0125 0.025 0.045 0. 075 0.12 0.17 0.23 0.3 0.39 0.49 0.59 0.7 0.81 0.92 1.03 1.14 1.24 1.35 1.45 1.55 1.65 1.75 1.85 1.95 2.05 41

4 t >77? 0 0 0 0 0 0 0 0 0 0 0.04 0.09 0.14 0.21 0.28 0.36 0.48 0.64 0.88 1.2 1.56 1.99 2.5 3.07 3.72 4.44 6

2 0 0 0 0 0 0.08 0.28 0.68 1.48 2.68 4.28 6.28 8.68 11.5 14.9 18.8 23.4 28.6 34.2 40.2 46.6 53.4 60.6 68.2 76 84 21

;kMA> 0.007 0.0158 0.0333 0.1033 0.28 0.63 1.15 1.85 2.9 4.3 6.05 8.14 10.6 13.3 16.3 19.4 23.1 27.3 31.9 36.8 42 47.6 53.6 59.9 66.5 73.5 21

0.0028 0.0083 0.0193 0.0399 0.08 0.15 0.29 0.56 1.11 2.07 3.43 5.06 6.94 9.08 11.7 14.9 18.4 22.3 26.4 30.9 35.9 41.9 48.8 56.4 64.6 73.6 7

0.004 0.0123 0. 0 2 4 6 0.05 33 0.09 0.16 0.26 0.46 0.77 1.18 1.79 2.6 3.62 4.82 6.21 8.2 12.2 18.1 26 37.9 53.7 73.4 97 124 158 197 5

mmm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.46 1.39 3.24 6.01 9.71 14.3 19.9 26.4 33.3 40.7 48.1 7

0 0 0 0 0 0 0 0 0 0 0.1 0.31 0.62 1.09 1.72 2.39 3.12 3.9 4.68 5.48 6.29 7.12 8 8.94 9.91 10.9 42

at 0.02 0.06 0.13 0.29 0.6 1.24 2.31 4.01 6.87 11 16.7 23.7 32 41.6 52.9 66.6 84.5 107 133 165 204 249 301 358 423 496 7.3
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137

#22,9-18 mm
2005 06 07 08 09 2010 1! 12 13 14 ;Z# 16 17 18 19 2020; 21 22 23 24 2025 26 27 28 29 2030:

uo%y^) 1.64 4.09 8.25 15.8 28.4 51.8 88.5 145 235 360 536 755 1017 1323 1686 2098 2591 3162 3799 4524 5331 6230 7223 8304 9484 107!?
(ioW/5) 0.59 1.47:2.97 5.68 10.2 18.7 31.9 52 84.5 130 193 272 366 476 607 755 933 1138 1368 1629 1919 2243 2600 2989 3414 3872

*^Fc$co#m# (io^/^) 0.5 JJj 4.79 8.63 15.7 26.9 43.9 71.2 109 163 229 308 401 511 636 786 959 1153 1373 1617 1890 2191 2520 2877 3263
0.2 0.5 1.0 2.8 6.9 14.7 26.8 44.5 72.2 #### 162 225 297 380 474 584 731 915 1133 1406 1734 2124 2571 3073 3650 4295

ioV^) 0.9 2.3 4.7 8.4 14.0 24.1 40.1 65.1 106 162 238 330 437 559 703 866 1055 1268 1502 1758 2030 2322 2635 2968 3314 3675
%ft#$(DLPGm##(10V$) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.5 31.5 62.9 110 173 241 315 393 472 552 634 718 807 902 1000 1102
mR#$co2#m#(ioV^) 0.91 2.26 4.57 ^8.92 16.5 30.4 52.3 85.6 139 214 319 450 608 794 1014 1264 1566 1917 2310 2762 3269 3837 4467 5157 5915 6736
co#mmm#(io3t/^) 0.41 1.02 2.07 4.13 7.83 14.7 25.5 41.8 67.8 104 156 221 300 392 502 628 780 958 1158 1389 1651 1947 2276 2638 3037 3473

#2.2.9-19 ##m#0#a&m(LHV)
2,580 kcal/Nm3
7,950 kcal/1
8,736 kcal/1

LPG4ma 6,130 kcal/1

#2.2.9-20 #@m$w#mi:#5co2#(iim
(LNG) LPG

SI^COz 12.9g-C/McalH 1.42g-C/McalH 1.42 g-C/McalH 6.99 g-C/McalH
7.19 g-C/McalH 2.36 g-C/McalH 2.36 g-C/McalH 3.87 g-C/McalH
56.4 g-C/McalH 76.6 g-C/McalH 78.4 g C/McalH 68.3 g-C/McalH

2.06 g-C/Nm3 55.4 g-C/L 59.9 g-C/L 14.2 g-C/L
0.19 g-C/McalH 6.59 g-C/McalH 6.51 g-C/McalH 2.12 g-C/McalH

at 76.6 g-C/McalH 87 g-C/McalH 88.7 g-C/McalH 81.3 g-C/McalH
^ : X ^ >lim#fb^m=21 1: L-CC02(:%#



(4) 5 US*#

(USaiEE, ev h **616*
©<S> < x, (%) *1*10*116.

mnm.ff, rfifi«s^#to^xt$riffi$+si$i@si*Et6 m-tm&ji, */* 10*66.
18] (Bf) JL>^-TV >7jg9llsd, (WE-

NET) -6-7*7 7 7*1* 9 *i* 10 *

3 6.
|4] D. B. Bell, el al., “Ford's R&D Activities on Direct-Hydrogen PEM Fuel Cell Systems”.

The 15th International Electric Vehicle Symposium, October 1998.
151 i!#}«, r6«WM6S»cIt*fBj (*l$ 9 *@5» , $ 35 #, m 13 If, *6$ 10* 10 6. 
|0] (*1*10*®®) J , *6$ 11*3 6.
|7| m) -im&ssmm, *;h *m#i*m$j *i* 9 *®m*#

s-s, *1* 10*36.



2.3 **E*4«ii|i*0LCA

2.3.1 ttDtolC

*-*-re»g»*©e*Sk UTffltfir 
>i/*)Vim<t£^x£tzz.bft$>'o, @&# - Ato*gto*kL
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5t£. SH®6DSS9:T-#a©ESSSktoT

i'5o 2004*w4$@i:E##mgto*&^Dmt<&i^.
«F$rm.

&:n*;v*-kT5*$£S«rf£*SE:|Biei6g»*CoU'T7i'7-tM £;VT-®x*

2.3.2 E#«mgto*Cci\t

#V V >gto*ttSto8lk UTrtEMH (*y hy-^mv) 6fflVTU5<, mE#M© 
S8b*l4»;vy®*6@x-6Cktt1!S'r, @4>AiS$ (A<t$*«l) "CttS 6CfiT1"-5® 
-e-use*Sittefi®;8i*ti:<e<^D6s*.-eafe^><, SB. E»©i*s4r-mi*tti*i'ffl

-#. ««,gto*ii
**Sk UT—&e56&. BtoSk LT:E-4'-6SV'5„ *S-?>"E-4,-®58j*ti:i6<. 
m#* (=#we*A«) ©$mi= w u-c@mi4^* < ^ib L»v\©T$m%^R©%$ 
ttBV'o SB. **®3i^;V4f:-0SSi4fi^fcto*i^E(i*sffi<. 3E*KK*ft^®-e|iJ 
ffittlCgSo

cneMVT. E#*#gto*l4. 0 2.3.2-1 4aC-»®fi®#t>Dc**« 
tuTE*4Sii. mm#k E##m#agto*kw
Hn-smsT-fc-s„ *Mg»*im t-y-®%*i4m<. E#mmi4@a-Aam*^

Sfe. ^$;i/4=-©#*&l4E##*&©B#(:»%©-c 
:# v V > g to* k m$® Mfflti 3 c k 6 Wlgr- 6 -5,, -r&fc-fe. #mgto*©i*%* 
k»vU>gto*©fflffittSrSialiSx*:gto*k1-4kkA!*|gk#^6,h.-tV4<>

(l)ESe?6t:ovT
*mgto*©c*#mi4. &%ei-zzta-oxwz.e.nfc<b^s®^*^

e*SS©BffC4D-fb^#J*©x4.;v4F-*s*'>r5k*Htot: 
ttiSSSiBtfiBC 6 & < & 3 „ -AE###?I4. 0 2.3.2-2 4 3C<b##R&m
S®C«*&t5^kl:J;l), @*SS&ieiEUTi8c.Tkk»s'X?g5o ttzft^Xs tiiSc 
Kgm©«Ki4mm©##m?i4» <. E»®JS**c*e$n-5^ kc&3„
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^HiM&fflRSMtfiMicSIiS ft-s c kA##-c §3,

02.3.2-1 BmmameoHy-y

02.3.2-2 (PEFCrofll)

B#*Sli*PHmilV'tc < 4a8tc4Hte,n^,0 *ar-ttP E F c*lu

atawf-So
Sip, PEFCfflUiMWt 0 2.3.2-3 -513fa±U

*$6©B6"t-$>3 lkW/V "J HV£i8;i, Sfe, PE
FC®nx P&$ELrSfc6S©ffifflSt)*Bi:«'J>LT$T*iD,
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PNGV Goal 1000

iiyi>iyy> 4oo

200 • qg.

JSSBW/6 Ballard Power System# 
»'y'1>iyy>SR20DE
pngv: i mmawsimnvWi

02.3.2-3 PEFC <0ttiAEJ$lR]±<Z)*l&

®mr6icj=>vx-cege$T-Sl6S@ct--(b^*li**T$)5o
o:4.;v4F-$siiev0 AS/J'S

©x*;U*-&a£fc*©k?Ci*©T#iffit3fr#**4«it&g*Ml©*Bfc&.2>o 
-o©sstt*S6S$e-fb ur^ii'rsA$Tafe o . i*e*Sx «<£**&

6^-CV^. SE*SJ?1#fl:**T-ttiSE-,?>@eSRB

* (fifi{b©l9@6Str)
#©AmkLT. *S&*tt1"^©T-tt»<Ji*;vjr-S6®fivxK-(b**6SSL. 

*±-c®<b*S&aitK U7kS V JWfAW
^fenn-'^o Bfl§sn-5js-fb**kuthu ^fSAx, /^y-wLt«v'i> (^ 

7tf) 0 2.3.2-4 *

*^**ss$n^K s^c^sn-s-®4bK*A#w##©atm##sstis-eskv 
m®k vr, &m#m©#ma-c-®<bKm-sAmk, m#mm 

©effi©-®^bKS»tt6i=i±i--5SEAk-Ass%$nTv>5o
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02.3.2-4

2.3.3

a*2.3.3-1 ©.tscaso ###

jg^©rn c k& 6, E#©;\>

h-u>y©vss^iKiEE«©ft$»^ 6»*kVT©«@tt6is^.e,ntti^to^ y*

y -;v» k® j|SHb*S6lijfll1-£ » 4 r©H%AsJila i/cv>*k%*.Tv>ao

*13.3-1 0#tei6S*iS©M5Ett

«*N ’95 '96 ’97 '97

>-*- BPS Benz m Benz

a# /VX RV *mm
iQy—ll i$J—lle

#S&vXtA sitmsitm flirW A#

..ammm: rtrU

*SES*?B g ®* * 3 fc to J/ y x A fBi <re n W1 ? t- C & 3 £

36, ^^.-x»s®6,h.rv\i,glb#^©SStt*sj±KtoJ:u„ $6K, 8tH&f8SfcL& 

v©Ttb$Zto@toffl-cii6eit-5ck*5Bll6-cfe5o U*L, x^HF-ggSAsttlteW' 
*S&S«T3cki:&3©T-i<'$ffli:c3StEggl*©#£;bsS®i:&oTV';E>o 

y * y -;uE#«?6S»*» j;ffl#ftffl^b*S6*«1--5<8$SS?6S«;»Tli, SzR$,
%%«©*» k 4: b y x A 0, *g*fc

UT, EtieS'yXxA^A^tt^C kC* DSSiX^—X*sl9@C:&-6„ *ife, V\*ffl 

k^58£HCttSfl-ti.±©KifaA!i£:-S-C<6l6$T-cm*s6^-E.kV'yEE65$.'6» Life
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wsacifli t&t>ti
5o coSiRli, «#4©tt*&'f'>77*#jtcxnT#i6»n^^.§J:%iri,'So 
%T-tt. EilBte'f >7 7lctt«ntev>fflT-fflc©®S©)W:EStti1-ci:ld:t$*v>o m#

2.3.4 #M©#5

*E%-e am###
^^^vy-bx^oh (lca) *tT45.
IS014040 CfliJ^TVd k-«3i*;v4i:-#Sh-E-(bSS»ttiaM1-^,7'f y-y-'f dw 

HJ- (LCI) OtmZfittoZbt.ZttZo L C A k L C I 6 KSIJ UT
# V ^-^Ct# 'o

(l)8$JS©L CACour
LcA?aKa©-ts&mLX:m#B#&#mf e. 02.3.4-1 t@m$©74-7» 

^7;vs»to @##kvDK@-cayme 
-$s6ievfca#BesMf5kkc»5o *9mc*uTiD 
®##ES@m kSnWSIb^ffljbnx-kf-5, 
k^ffti0S*x^A^-fflMii®Pg (^Dl'4f-©iSfifr&g«JitWD?S#ST) &# 
*t5o k©E#MS*6$fi:$T6^*>^-7D-CBx)teLCAk»^kkaT5,„

k©$M89*:5E^a@©SSSffflx*;v

->xlv yy-iaajb-atFatoicTm&ffFffl u v i'Wifi u»i'= 
a#©ua^&#t. $t\ #mmm©^*;i/4:-7D-ci6o%:LCA&mmL. t 

©#m»$©Km@P@*#6LCA (mx*;v4F-7n-Ci6^6LCAt#L#tL 
cA$%a@m#©#m&^&LCAkie.&tktf&) ecktfe.

02.3.4-1 6«|S©7'f7-y-y5A'
(2)#W$N©%S

0 2.3.4-2 t*#%-e####k L6g#$©? t. ^i#7g»*s»<@wi:7
V'T^0#fi$®«tS&Sro #V V >#©**$*?© :#V V >*k Vfco #tts

##&#© 2010 ##©mm&mE c. ####-^^#^*#111%#^##$#
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<zt\m*mzt£^o *ffi$txmm<Dm&frtur>

ttz>zt*3mzbx^t£^0 ^mn^tLtznm^o&m*imtz>zbi£ffi$i<D®$} 
t-&d, fuT#e®^v v &£,

—!%&-*&#
- ii'j'jy ---

__  —|x>p>
WWi *

#vu>ii&S msmitiS

«i$#

=E-f
—-fv/(—$

e*b*

gkKB
y*v—;u
$>o

>5>y-;u$H#6ti*$SWiS

02.3.4-2 €•« 1 »*0>->XtA#l$

*#®IS7cttSE»v U >lti'7i;«©J;5t:*5. 
#a# : l,500cc 
#*&M: 5 ASb 
SMSfi : 1,040kg
B* : 10-15 16.5 km/1

XSlSX61)»®x>y>m#a,Stt^ViJ >*kp|ll l,500cc £ Lfc„ &£U 
y15 WWW 7 V y h*{±#k U xX;U4f-04nItej; Lfe„

$£, sms 16* (EV) tiW-*-tfto£*A;6t6T 50kW t U/c X*##|±VA» 
(tfi*$6 400W/kg, x*;i/4F-$g l50Wh/kg) i; t 360kg 6jg«X-5o Krt 

m:g#« 4ookm «±AWr-e * % 0 
*9f9fc®8$ro&*f#T-& 3*SE*«5ftgtt*t-14, mEf
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ft#* uko ssEmemeus.
#$ktcm#mm25kw, -%#%25kwm\sowtbt. -&*«;* v^.M:*>e 
m (itiASfi 700W/kg, x^VV^-^g 50Wh/kg) k b 40kg 6SIEf 5, 
emeus mix sokw tut. 300km u±&@&bt#. **«
Cttx *SEm}i6US©i6E * >XttSx 300km ti±. «**S

V >SkH^©0tiE!EJ$&$;£ Lfco *i>; -safcHESerSaUST-ti:#

vu yskiwsse^y^tsfr^Jv u b#
bx *c*^6ZoCx x f 7 -sE#em a us ime © a us c x f 7 -;i/&RE# 
eS'>X7"A6jS®bJ;? kS-5k^^-x»s+i9'T»v>kV'-5®®6s$l5o Xi^-^ 
ESSS6USTttSTC7XiPA&gmiT6Cb%bt#xbbiT^Dx **ESS* 
euskg^*»6sm#$,&^. + «E#f>x©x
^-X” -e#x5,k*SE«eSgUS66ok**©*S6#Atitt«CS^ci:6S 
E"C$.-5o 4-®ti:StiEI6

^Wbfcseusc^x^ArkeeeESkaff^vuyausic^s^esiSiD© 
##&# 2.3.4-1 CS1", KE*S £ > *{±«©*SE«e?66 US 6 Wc i: •& i:. Mff 
®^VJ>S^E.rtE«8Mx AT (aU$$tH) *i.VMU* > 7 & IS Wx±-CE*4SSx 
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(3)#WbX:E#XDtx
0 2.3.4-3 l:E#e#@USk-*a:*Sjf-j3j:tfSm]:^Sf- (%%x$;i/f-) 
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82.3.4-1 $SSIh>XTAlg

SffS CNG-HEV EV CH-FCV MH-FCV LH-FCV ^y-ll/FCV t7tFCV
ENG.,AT,MW 805 805 805 805 805 805 805 805
ENG. 160 160
mi 50 50

40 40 40 40 40
30 30 30 30 30

WWW 10 10 10 10 10

rH 4 40 40 40 40 40 40 40
15 15 15 15 15 15 15

DC-DC 5 5 5 5 5 5
17

J/B &/\—^-X 10 10 10 10 10 10 10
AT 68
CVT 38
4=7 30 30 30 30 30 30

10 50 50 80 80 10 10
"W 40 360 40 40 40 40 40
M/fehL/^T 10 50 10 10 10 10 10
*8SSSSa 1043 1185 1315 1085 1115 1115 1095 1095

142 272 42 72 72 52 52
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seams* w-mm /»/-&%#

-*:L*/u*Si|i6®<g£$6S6i% SfrSB

@ 23.4-5 —

$n«@titi-iJET-$>?>o L<tmnbLtzo $£,

tofeo S!SLfc«T®K7cffl6kT-Sff«V ') >S© 10-15 t- M^e#©x$;i/f-% 
*14 16%T*&ofc„

: 0.013 
ffiMiBfix : 0.0016 
EiBBSt : 1.81 VS^<—HV 
(W±l4&*#mkL6. )

3Hfi4fV V >*©#Mmm# : 1,153kg 
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$ 2.3.4-2 l4E#EiS@|i@©S7-D-Irx©®*k$fj@re©Sb*6«T<, #*©At» 
%b*i4*©4dt:@V'fco **©*<* 1 )8i*©iti#l6#SBAo 
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%#%#%**##* : 96% (ref.4)
%&S#:%#fb#* : 87% (ref.4. ref.5. ref.6)
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X2S:#X©X*> h"t-©*S&K : 76% (ref.7)

f : 67% (ref.8)

$#&S#©m* (7*/-JK i-7V£t>) :82% (ref.9) 
*SEti*SSI6*©*ff«)* : 50% (ref.9)

-9-KSSyB6lb*©^ff®* : 50% (ref.9)

38b*Cou-m 2010 ip9&ffl/EU¥«%e^J*r-iK) 37% (m#*^ 

%e$f) tU:. %Soi*;vd?-#fi8tt5}6** 14%. (Mir%«)
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152.3.5-2 7'f7-9-'r»;U"COX*.;i,4f>#*(100,000kmjEfT)

Mast «T Least
GV 49537 41197 213105 303839
CNG-H/B 63066 27986 85317 176369
EV 109226 83018 37472 229716
CH-FC 56731 38553 56083 151367
MH-FC 57206 39304 57175 153684
LH-FC 58525 39304 57175 155003
CH-FC, PV 56731 9511 56083 122325
MH-FC, PV 57206 13411 57175 127792
CH-FO$Mb 56731 52574 56083 165389
MH-FC>$Mb 57206 59752 57175 174133
CH-FC**XXfc/K&g 56731 43814 56083 156629
MH-FC**XX*>K&g 57206 50325 57175 164706
CH-FC, P*\XXfc/K3fcg 56731 28202 56083 141017
MH-FC, Pjj‘XX*>K&g 57206 33525 57175 147906
CH-FC/^ib 56731 60987 56083 173801
MH-FOWb 57206 68805 57175 183186
^fctK* 57075 37664 70559 165298
y^Fc**x 57075 46044 70559 173678
t7»FC 57075 9219 70559 136853

82.3.5-3 7-1'7»-r»;UT?©-8<b88flmi(100,000kmj6lT)
&Ke-CO

Matt ##M Least
GV 2387 3526 14345 20258
CNG-H/B 2993 1341 4216 8550
EV 5511 5601 0 11112
CH-FC 2717 0 0 2717
MH-FC 2813 0 0 2813
LH-FC 2917 0 0 2917
CH-FC, PV 2717 0 0 2717
MH-FC, PV 2813 0 0 2813
CH-FO$Mb 2717 0 0 2717
MH-FC/4Hb 2813 0 0 2813
ch-fc**xx*>K&@ 2717 4900 0 7617
mh-fc**xx*>K&S 2813 5272 0 8085
CH-FC, PfrXX^K&S 2717 4134 0 6851
MH-FC, PtfXXfc/K&g 2813 4448 0 7261
CH-FC/Mb 2717 5742 0 8459
MH-FC/^4b 2813 6179 0 8992
>£fctK2j 2809 0 0 2809
y^FCA*X 2809 1432 4287 8528
t7»FC 9Q§ 4700 M15
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• ->77A/-s7>T'i,)-rofc*;: 4BI©W47:W:, £«;?.«, 7 7 7 -;L8tHE*4*S08t
HSl±*®^fiT^^©T*'>7?A/t7>yj- LfrU 77
'-/KfciggsnsateBgiK'oiNTii-xxyAt^'vT'y-tb^to&Aiofe, iibs-6 
-^i:&R#g&%6AA^t'0A^7 7> MT&Bf 3*A^t'0A»kt\7mB#&b,

• *#bf6ft^, A
##l:«4la]#mL&x* -EfbK*SttlC6a^. NOx, SOx, CO, VOC, PM
»if©#tmt>s±lf&ft-E,o »«B®4b, Etifb, SI5ttJ*SbebTffii*14x^;t¥-l:

V©F«&fi*7CkSitoCN0x, SOx&l±b0kf^@### 
6»$LLCAffli (4@ttS#*iW0Seicbif$oTt'5l©T-ZEIcttLCI (7i"7
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h *Tfr*v\ 11$ LUx*;^—tM 7;i/ (x$;i/*-
7D-k#*m©*m^W) ^5R46^*S*s*-5o

7-f7»'i,»;vt?©3^ b$F«T5Ckt:$oTSIStt6ff<ffiU^*®Sii»fflx*
c©6A^##iH&i' >7? (7^> h-cegsn

*>&*$& k) ©ifi^xKik 37 hffffl£St?7'i' 7-y--y 7;vs?fl*s#®e,h,5o

-efln'Shs&JiBHbtK itf 7n>fck©#*6#m##t:cA\7i±($k
Ak6s^nrv'»v'= mm©#ig&±tf^6Aici$cfL6©#A©x-7@m&e»

$ bm#(caV'77xAT©#m:^IBI©#MTI$-*x*;t/f-l$z:*x*;i/f-(S 
««S») fflg«k&££itt&<x*^*-7n-C*V'T3«x$;w*-Mi6l$t;:?g 
W$n5x$;vdF-t?*afe-BkE$L7cas, f@tti:t;*©teffl&kCk%&v-a->?>i'3 
^WEfcnrjsf). $6. c%x$;i/jF-©#mic|$#©x^;i/4=- 

%*^tcs @##<56*^5&k) *sffit>n^nJigtt*sfe-5o
7fAffl»Si{iSIfi:Aftfcff«4mS:i'!;%x?.JW. $6, £x* ,ii/¥-7 n 
—CoViT;EttT-& < -&x*;i/jr—Kol,\-C6f ©x$;i/f—73—&

#^©x#.;i,f-#^&m%Lt##«#@m$©#X7f v /i-©m& = ±aa©mw^

&am*7 v->@##©#A7:i-va-i±i&$&%v\<, ±
IBfflLCA§¥»3|» (^*< kt 2050#< ©x$;i/jF-#^&#l

k*©SSftfckfflglMi©x*;i,*—»M 7;u (#&-%x$;i/^-, -*x* 

jv^r— k Lk"©$7 6**"C3%x3;i/f—&#b k'©$3^clb*S'>7xAk$-5 
*) (nstt*siSv'*) k»5sstc^o-c < 5 k** e>n

So
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x ^ ^ —
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(3) '> Lnl/ —
Eff f-ffliJBlro$r*iroeeii wmitr- T-SJLfc0 PCHEV«##m#i±, $2.4.2-li^-ttil

%$R(o me

^tv^iu7)'|EriEf(Z)'>;nP---y3yicfflV'7c/^73'-4'-l±yTcit#5l)-efo5„

a) SffiSB
• Cd 0.518

s 4.37m2

■ummmMu
b) titJj&lX

0.013

•PEFC 1kVV/kg

•l.i ion ®ilil 0.6kVV/kg
c) 50kWX2

d)
■PEFC y3ri>

12.5%60## 45%
j^#25.0%(7)#^ 42.24%
^#37.5%<7)## 40.89%
AffT50.0%(7)## 39.55%

## 100%(D%# 34.15%
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Wi: kg

—Xi|i n£ji FCHEV-A
(PEFC<!:LHonl;th(DSS£±l^l) ( FC20kW+Li-ion80kW)

FCHEV-B
(FC50kW+Li-ion50kW)

FCHEV-C
(FC50kW+Li-ion50kW)

US *T— XA >T— XE 'T—XC *t—XC ^-xax—XEx-xcx—XC st—xa XE X—XC XD

X>v> + ^>3>

§;6(95L) + ;EI4^>^(15kg)

300
100
95

kW/kg)
Li-ion/^vrV(0.6kW/kg)

7h°>^, /<;ux\ ie
7kS + ;&tM<SS3§
7XS + 7K#%jRa-#(3wt.%)

<56:

80

60
50
20

133
50

206

60
50
50
83
70

80 206
341 902 341 902

4135 4033 4159 4294 4855 4033 4159 4294 4855

60
50
50

133
70

80 206
341 902

4083 4209 4344 4905

XA: 7kS(140L) + #<***&« 7KM®£ : 0.071 kg/L 
<T-XA: 7kS(370L) + %#;k###(180kg)
^y-XA: **(140L) + 7k###e#(3wt.%) 

XA:**(370L) + **lRfc££(3wt.%)



•Li-ion es 95%—$

95%—$

95% (•7y7'T-4-X.5)
•y>/<—95%—$

•Mi###* 98%-$
•@4^^¥“ }$]#» 30%—$

a* |lia3i^yL^-^|*=y^.yT!;i^5EeSiLfc^y^-Zi8ii^rofl|ffliir<g*
zn^ylzjr—

@a7V-*i^±i9«®^yv^-5r[gte-es5eei$$tt iokm/htLfc.

2.4.3

(1) *SPi(OiIte*i,6
•FCHEV-A OS-a-, Btott PEFC Srftififfl/ld 20kW $r{6ffl$d„ 20kW 0±"m, PEFC 
ZT Li-ion #*/ - Li-ion flhttd State of Charge (HK SOC) (±,
(C PEFC &#i%#*A-Cim$aL-C*#L,
•FCHEV-B <D#a\ ib/lttftifittiA 50kW d PEFC 80% (40kW)$T*®ffl$5„ 40kW 0

±T*ii Li-ion Li-ion *BlilHitZl/-*l^j:9|BllRLfcjj-c7)3ia
yF*-d*$-$fJflj-f-5fc», SOC

•FCHEV-C to#a\ Sl*l±®i6mA 50kW d PEFC 40% (20kW)
20kW 0, LT1± Li-ion - SrttfZhdo Li-ion *Bd SOC S±, #•$

PEFC S-5ffi%b*/k-eiII5LT5EeL,

(2) K-SilSIR

A-cdAf+d:+#em^* 2.4.3-1fchev dea-temtc^L-cmmuc. 
&JE11 0%e%$tcL-C^-Cd$M^fN-'3y-cm#&f#ILit. fcfc'L, ^-x®fWtej;05 

FCHEV-C-e$iWlto5S**ij:Ot*/J^*57kSEiEa-&370L(^Me 4905kg) *5 j;T>*$f*7k 
# 140L($M* 4083kg) liOV'Xii, ±4%&,Ed##t7#jLt.

0%i)Ero M15 2.4.3-1 0%&jEI^*jtt5 FCHEV CO MIS -t—K(S»ii,
^-xssdtoto i.e~2.2 <sd®fflir/e-3/c0 isi-dS#-eii,

Sfl@J-m, ^#d6V'iett FCHEV-B, FCHEV-C, FCHEV-A T*fcofc0 'dEBte, 0.74:9

ic#x.^n5„ sokg ’H
tt^Mld 1 -*, FCHEV-A <nM.Mtitl
20kW #d## it, 50kW d FCHEV-B feilF FCHEV-C dffl/j 20kW #d%#j:%
<ev'WSr/S$dX-, FCHEV-B fefctF FCHEV-C ii, EAiW$*trfc8b*diWv vRtregte-tSSiJ 

^±#<*1), FCHEV-A Z%##^A<%5tdt#Z6fL5. Sfc, *->53.1/—>gy-effltofc 
&##d%$-e», Li-ion SB"C-d^E®-iricSdD>.^*§V'd-X?, PEFC^y>/<—^^Li-ion
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fchev-c zokw ©#%-?

©SStei%, FCHEV-B r> PEFC ®3b*rotSV ^A?W"C®6LT PEFC-MV/4—P^mWlKl^r 
-^-roEE-eeS^e-j'-^reSiLfc*^ ^©a^l4i*i<*5i%x6ix50

^*W*5j:i>* FCHEV-C (DM15 "e—KE$<b&lEi:C>8!to$fi 2.4.3-2 t*-f0 FCHEV i±^< 

—^$*4%&,E^46##©%fka;±#k \ +4%&iE© FCHEV 0##l4"<—^$:j^6©^/l\ 
SV'rix -4%&)E-ei4^-xSiW(D 4. 5 fft*ofc0 roJEHirL-m,

7"7^*)E-ei4A^ri5s*#<*-5fc*> fchev 14, pefc ©$*©ev'®%-eete-t-5SI-S-^Sia< 

*5o «ic,-<-^#W4, rt«Bfl»ia*©iav'ffl«T*a*5-r5Sij-a-^i«<*5„ wt
%t)E%?i4##a;/|\$<^6^A, fchev 14, pefc co%#(%i#it \m%-caKi-5#j-8-a^<%6. 
ate, ^-%$mi4, mt, fchev 140

2.4.3-1 Mis
*m : km/L

0X43E +4X4DE -4X43E

^-XSH ###*4135kg 5.5 3.6 14.5

FCHEV-A

(FC20kW+Li-ion80kW)

^7jcM140L ###*4033kg 10.9

##7km370L ###*4159kg

C
O0

m#6#140L *«BB4294kg 10.3 _

%mA637QL *#£14855kg 9.0

FCHEV-B

(FC50kW+Li-ion50kW)

SStMcBUOL *#S»4033ka 12.1 _

%***370L ###*4159kg 11.7

®aS#140L *#££4294kg 11.4 _

©Ma#370L *#S#4855kg 10.1 _ _

FCHEV-C

(FC50kW+Li-ion80kW)

HtttokBHOL ¥#£*4083kg 11.3 5.5 73.6

**7k*370L *#£*4209kg 11.0

®»A*140L *#m*4344kg 10.6

%mA#370L 4(*m#4905kg 9.4 4.6 64.7
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2.5
zm*m. znm

a»*©iS»«L fb
Asi6W@«±fflBr*t.es*;SSl:^o-cv5» *©£©, mi'iamfYb###?*
% E#mm a m#A^@ft© a m# a u-c@ a $ ^-c ^ b. mmfb *6 i, \ t

<&&%###* <&o-Cl\&,,

5S(HSJ;bi6V'x*;v^-a*AsmT-S-6to*SE!|stSSg«l*l4, iX;f*-Irt- 

$>Z>7km<Dm&'( >776B66L&ft«&&V* 
fc* b -5 3©T, U :*©1£gWXtiJ-eifc D.
¥fi$ 10fpgti:ti.T© fc* b> ;©«ili»t:M^it'&i»S'(j7fe,

att*fc«*&^>7vS*(;Mte^H*a*(;outisaE©^ V
*e>msi*mMvtco ^fflfe*. gscafeota,
^'yxv-ix& $4>o®j#i39icingf 5tofflSESVS®iEf5 c i;*s*s-efe b, c 
fflf;»t:M->XrA4tl6fe**SM>7fAffl7'J-Ff7 h£S6SU Hffl±ffl 
fESia&WBMcl-SkkA^igXxrifcSck&iigibfplc L6.

#©ft@j:*7i/jr-a*#©g&*&Mc, n&vyi-')**®.wu mm©# 
x->^-v*kvr, HttA^siffl-fL *ts#xc$^>jast!©i7 vr-r^ssffik, -e 
ne.ffl#ffiffis©M«*me.^t:tfco tfc, *mto»->xu^-k lt, #x*«. #x 

6Es **t§gs*kicot,v-t*K o se>csmto%7ks
E#«#a##©*#%#©# b $t» b ccut tmm u.

itz, mxm\zfflmtttzt%mh2,mmiz^TWt>Mzvtzo #ic, *>■#-¥ 
-;vestgA=#xsn-axx'yT-smr-astt-c. #x-T3 #w© 075

LCAICMLTtifc *jfi©6ffl®re, 1-»b*,Fuel Life Cycle fc, *#©ES®I'B6^ 

ftfc Life Cycle Inventory iCOV'raBL&o f ©%*, FCEV ©E)fiKi©^X7V
5ifv v >s tetter i5%a*Df 5*s.ffiffli^©^X7i'^-*^»fcawTii fcev ^E#
##*, #^X©#ma©%A-CX#ac#%?&»Ck^&^6A4c»c7c.

$7i, Bt#©^^ —ti7V3L>y>fflv^>7n7ix6^—Xlr Lfc, #$<fc-kjStSSt©/W

yv y y V y 5 a. L-->a
**>&«, k'^(,©/W7b y F$ti^-x#Bj;bXmi:E@^%#$m,6A\ §«$

©#m*Lj\$ lit, TbQK&i#eL6#ekt/W:/V y F$©E@#

xscafe#$n-sct*sm?>frt;*ofe0 entotisigsej^r fc ©##%#**#*

Ztzisbs FC ©$j$»stfiTV>3k#;ie,ft3o
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3. i: M f a m* •

3.1 14 Dtotc

LT, cft$T-M%£nT §

(pefc) ttE6«n?>c:kAsbA^fco
94W4B#ma-7@m###®#:R&K6btt3fc©, 4o©M*to&i6ffl&;«S L 

^TALx f©#% • IE@i5©titti k4^0E%Sl@©ea6fi:
&-ofc„ *#4l4**bb, #ib#JI4, Lfc#**#6b&
3V44*6##f 6b#mm#6b6©?, KlltiftUlf;, tfcWLfcJSili, (1) 
*>■9-'I' HB38«8S«i: UT©7kS • Sin, 200kw MimeSi^^A, (2)
©*s • ss 5,oookw wwwitti'x^As (3) ##«m@m$m©** • sm 20kw

(4) mfcemam&Rfc, ^mmmmtm^t>-&tc^mm 
mmM'>ZT&®B-D-z$>%o *fc, & wm a f 6#©EH#jm*©mk m
#*©«ffl, *ea»b&#Nbx Lfc.

¥/$ 10 cj%4t©#M&AhC, $*©*SE*4B
am##*©$#m* k#### g *#©lca©^*©8*%^?^#### 

x*y»©ti:tlK>$ti6ii, cttbfc

z>tctb®giimwj:¥®mmmL m#m*g*#©^%•
Li>U cb6*?mT%CI4$A»%fc&@L, ^SlffiSic 

*Pfi#*sfe2i©-c, zimoi'M?-? &##c, #jmA-B8iic#A*0ig#e&#w u 
tziztttbtzo ****«, esii, s

«s*s#*ffls $fc, fb?b©meK#bj±# u,
nsro&«*«*&^vSAffltss aa l, *^E#B#A»faE##*©»m^#&m o, 
*©W8lti&8®fU »t8gA©ffll@&SaLfc„

E#*as«/*© lca sc, am###i:cutw.T©49%m$&e»
-3fc» #@©E##m@m$ lca mE#mm©m#ik, a&© B*ma-f g####©
##&#&##«:, xj'-v^©^ t©mm&k##©emm&#^ u,

tfc,,
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3.2 «*SH*ilS^$iEmS%«'>X51ACDrplS*HEE5i

v a ^ a vn >ri

7 M4f;-r<-trC£tK
*#$©#MM#^BI±WT©m t) o

OSSffl%S'>X7"A
OK£H$5ffl^l:'>A^A
o^—^

ogi$i»lM'>^fA

0$S/8%S'>At1A

3.2.2 $#*%©%#!
StfH©**5tf^^®Sg56*tt0 3.2.2-l =&?!:*% l.SttNm’-efeD. Htzi>

ib#. \a«
«fot, %«su=Etoffl $ nr v' '>&v v

©Ambl:j;^Kmm©#A. 5»*s®to?g> t^~tf^ogftfAMM&lb. * 
JSSSjfiffite. 9 > K#©%Af
tl-S o

H 3.2.2-2 e>*Sx*;vjF-S$ef-6 C k &
$5fe Lfc«^©*SSA«6S1-=

2050 ^C**%Si:J;-5*S:n*;V¥-$S#***Sffl$to>tPe. 15EJ (10"J) t 
6SfOU.
2>.

*Hx*;i/dr-tC©V^TI$, ##©$##%#&Mmcmmof 15%0*H)£«S 
22.363EJ ©x^;i/4=-*#(,fl3. ^ntt. m$©@#©Ax$;i/ 

d?-SS (1993 ^ : 333EJ) © 70 (gggCffla-r^ C 
19*©ta#©x*;udF-*S*?E»g*^-6kSSUri,'-6o 

H 3.2.2-3 (iilionx h#&V'-D$!). 5
***SSA* 6/xr=yi5^-j'kUTttftES%tJ;o'r **m(&#f* 2.18.1.5.

2.18%ffi"F't-5@irt:tt 2030 0.15EJ. 2050
ipiscft 2.5ej cmmf-& fen-So
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177

# # ta m * m a x life jg att ti
n¥ me E4. iTi -t^\t_3 /,¥# m^m^TjNrnVy

1991 171
1992 158
1993 156
1994 161
1995 173
1996 181
1997 oo cn

34.2
fb-# 21.8

23.3
®-T- 14
f (Dftb 6.7
o# 100

1997

f 0#

fb^
22%

m# : ' 97 WXI/CJ.-#)

.2.2-1



¥ Tk^Tk# *B7k*
2020 1.5 0
2030 2.5 0
2040 9 0
2050 15 0
2075 15 22
2100 15 50

NEDO/H AB^

(IM4 : EJ)

We — n et (H 9/ 1 )

00

Q^;l#7K
□ TktiTk

$

03.2.2-2 1tW(D7k*^Ui'*Pi7kS0^Al: EJ



2.18 1.50 1.00
2010 0 0 0
2020 0.01 0 0
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PEV HEV FCEV
1998 1.7 23 0
1999 2.6 33.5 0
2000 5.7 96 0
2001 10.8 204 0
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2010 2000 12800 30
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0% 1% 2% 3%
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
2037 2.56 8.65 9.29 29.52 25 21.27 17.78
2050 2.81 10 10.8 29.52 22.2 16.35 12.06
2063 3.12 11.35 12.23 29.52 19.36 12.53 8.1
2076 3.44 12.7 13.65 29.52 17.14 9.68 5.4
2089 3.75 14.13 15.08 29.52 14.92 7.46 3.65
2102 4.05 15.56 16.51 29.52 13.01 5.71 2.54
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3.3.5
mommsmma.*: 3.3.5-1 CthTo

3.3.5-1 (2 skw)
# # 7,9 v 9 ^ D 

(i 4 otyi/)
m #

M/E ptstiMOB 0.19kg Pt 95g 
*-^>B95g

f7D>E(60wt%) 0.2 kg BJF5r7D> lOOg
rfr—yi 2.23kg j#cF 0.2mm
# 3.65kg 160/zm
JttSfll 9wt% 0.13kg mmmfr o.iskg

-feyi 1/—^7 4.69kg 1#^ 0.2mm
0.75kg

>$gi® h 2.33kg 1#^ 0.2mm
*□
@
gp

•fey t v— ^7 1.53kg HlcF 0.2mm
'>—)iM 0.25kg

ADSfflJK # 1.17kg 160/ym

CD
#

«® TlUi.® 9.16kg W- cF 20mm
tfyi/h sus 1.4 kg jEcF 650mm

yyfe< 6.8 kg
BBSS t7D> 0.16kg
BE® t"7D>® 0.04kg 1.0mm

m 5.32kg jHcF 3.5mm

3.3.6 —
* 3.3.6-1 Iz 25kW -y t l/T

Ast^fCi65. ©l+SttikSlcUteA^TliSLfc.
®9*B©3fS«*(kW)x«L9B?fP^(h)x 2 5 kW-0$$S/1 D-y h©ffi9ft»

= ,&#3:$,il/f-(kWh)
1 D-y h © %9® & C ^ l \ T «. A #M91: ^ 1 \ % 1 4 0tt»,-e©fi©M9ttl«l
#k L6.am'fb^m©«.f©#0m9##*$m%m9/()^#a%o.i'iTg3:$ii/f- 

* * 3.3.6-1 ©f*j;b$e> tffis-r * a.

-2 17



m 3.3.6-1 (25 kW)

mm*-***?-

M/E 0.33kWh

nmmfc 2.33kWh

20.0 kWh

M7° H 420.0 kWh

t*®K H ]-^K7° n 9.40kWh

n 4.67kWh

inSSStA- i-j ]-^K7° n 3.07kWh
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10 ipStt.SfekSEtoW^SESS*©rfit§68glE U » fc. LCA ©£©©§»& 

M£iM« UlFffl J; -5 &i65X6f»fc„

3.4. i

6t*SH*S4> ?®«iR«6tiu «ST-i»ft:r *. m mm-cmutz,
i >. 4' 'gfi «t- fc 3. mss n g-r- fe 3 * z-tob. i k©#m#M^#mm#mc
jSLTV^5 = $te.%*0J*Asr6V'x^drtAs7kl.\e#e6s$$LTV'5ifck'©#aS4
# L.#$WA 0 A%#4g#l:#A&43W^igKa:*#lc6$Um?^6.

iH® (i> £ P/iit t Sift*, $*«©»[&), Bii if it©
W«j|6j. 61i*:roflWx^E«S®lffl5S-fb. y a
s©m@. **©«#. E###©#imm%% k$ < ©aacAt$ as. E##m© $ 
*a*&fr-31: "i 6 o, e#E#©m#^'#^m%©mmmm L.m&w#^*;!/^-©
M.tflSASllL.nvx^ly-^ay^ fl »(>., * *«4r> 2f©rfligffl
##❖. WE-NET T f r O £ **4| A B© ASto £ i, #BB L £ »s. Aft#© rfiJSS AmS A 

ai|1"5ailFiUK£©S:l6SH©^6IS$Llff8Bt3l*Ef1"^'i;-S6szfe^= LAUtfflA 
©CI4:$A<i:%77&af S©-C,*#m-CI3:$JM77B8'J©#Aam#&#Mf SCkAA.
(1) #A##m©Ag#*«l:l3:*mE*^-e>*#A^L-C^6oE##*©$#

kVTIi MW MfJ*A*s#xe>-5AsA>a®ffl^»ti«*ffl
,S@k^oTi'5Z2to.83*:-e©if?«JB«6?«1"-E.ckttEUV'„^©#fflBemf$<** 
«© AA#njf^1& SRft £ tt 6 o „ *&,«*a*sH©SI*«S*Mli 2.l fl kW t,
* 7). m r- A£|& < A A *##g A li 1.23 (I k WT, t ©If ttttSS 300 77 kW/AA* 5 o

(2) iiSfflk vr.^. «*, 6Sx «tWliA>©eSffl 3-S7x*V—->a >©SES«
lift 350 77 kW TA#A@m©i#mm 30 77 kW/ATzfc 9,> k © 80%li 5000kW tl 
FT'feS lOOkW 7p?> 5000kW IS©EtiS*7)sa»ABJtbT%Bl|9;7k*S%4f 5A1S««X 

6tt7b^,a**f©j:«7v©aiAtf#x.?>7i-l>ofS*HS©fflS7k**4«ffl-5 7b.E»* 
*A!AJff|-£S3 tlgfcftSMH: 51.4—171 77 kW fi S S S„

( 3 ) gA##AkLT, $A7X#I%, £7K xig, *^$^17,1176; A©B$ffl3-i71A
v--> a >©#m§mim 79 77 kw -e.#n§#ii% s n kw/A-cfes.?^ > f© 70% 
« sookw kiT?. ##«#*###§« sea, 7k$«# 25 R/Nm3«T.

15 77MAW u?, f 22 n/kwh @Bc^?>£-SAs6^„^ne.
©^ttliM©SJS&^^3:A7k4F-iffitS©l»l6lt3A 0 $16^-67)1. 
%@#$%#A^©mg»m^»5 9.A>+74' h 1SE««*©S»t:12.IE'Se =k S7k*
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(4) LT.a^MT'ti lO~lOOkWSS®x#ffl, lOkW UT© nJ«S&

k',41 <@6812 50~60 /jktWt:, %S{li>j(i 100 )i kW/<m hk&3=g$#©6ailffltei2 4 

~8 77Tl/kwe$T-'Sfflx<fc5 6\«flgt;6ffl1--6i.Sffl*St:St-5<SISS<bros«tt#

<xt> **.**««£* v^'j'S!©
ittk/kS TWIftX S 6 „

(5) n u t lx, mt> ttw© n m$ x - *-t2 x x j-x&m^EAmm$
LXi'-5KK%#©$l2*$2k*E###$k£ftT©3 = 

#####« 2004 0 .*$#%*#©##2030 <FW
l6286/j'6(:&-5 kSS^fta, QttSffltozkSX^-vg

(6) -e©fflifflitjigtit,mammm,-rsm,*mm%mm
: :RA- Hill .;'M/i| ';: I ' ''i.v 0 3kW k k -5 k ifffiitBtt 480 7j k\W k tt % 0

L. WSffl C*#©#*&&K*#m$ji.3©l±. »&•) #*© Ckk®:foti*©-e. 4>*8to 

(:I2X#R#Z dfcS^to^efflEiSSS^Jffl £ n -5 nJS&tt#*
sn-cva.

3.4.2 LCA 0^©©##«*M*
07-KaWi.7-^>'y}t© NECARII --P NECARI1I fci§# Lkc kM,?>n£Bfr 

© 7. X -/ y Mark? y 6XT-> 1C>flSAUS/j jt6Bfijgtr, 25kW 7. f9 -) k ©fl:Mi£#:>k L. t, 
41 tx M-**£S6fk^x x®-fe2i 9-X "PM®*© ©»<££«£ u-fc^a^jn

S®,ise»kS$©Mft 2Sk©ffifflSSIS©L,#*,@*##*9-^

vxxiv-xcsaiLfc.
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4. jMswfflicH-ra

4.1 ttbtotc

fttcoWG ctfcM L Ti'GS*SOTtizffitC/rffi L 6%**S o*WG
XI* f-tii 7 *S/b'G*S W-iiBStiflJ U£$«>G ©M$>EjeS$S2>»tiE6SlltX £ L L t, 
I:, ftetowamsLt. #i|x«il^%3;WGt7)7k*T-'4 —tr>3>a>yXfA. 
ESSitfiW G X-tfcl-l ll' © ISKttS* ^y^lcjBb
y^rAtol't, ^OT*JSfflnJftgt4i:-3^T^I4&fror^feo 

SWGXfct'"]*StfiS6fifflVfcfcLXPSA16 
svsAis> imwmmiMDXimK&m lx. mLE©@*xAvx©ALi:*^a&##%i:
M'lt-5 LL6IA m% 6 till) S £ 5M 6 KSSB® ipe tc J; o X ttlStelt & br o X £ X: (- 
@3H6S©X 7 V izaTAd>«iE#S$VS AM*8©$a?6aiglk:*Jffl1-5$)bWtSh. 
*A\ SJSVAivcoAXXX^AtolzSitL&lACLOTlJlJjlLs 8W6&S oXWbSr^Br L
£) o

$X. 4:i| IS:i.i 'iWG(J>L#<b)6(:&,GGAto. jflA-3 i|'l!S|G)bi'kGUGGS, n |G:,f;X$ 
^GAtScoM*: L6ffd kBRlc. iS6:i,teht6Mlxte= 

i.L.:.„va:-. i

(1) L ISffi V S A i£ ® SISEB A X * A12 o l > X M4 £ #®E* G. $GC, SSL* 
S6litigtAx#!£ -tb G C L12 J; G SS©BlLtoltiSL LXffiKLfe. *Sm«ffl^V 4?AX 
W b aim AALmitfrtHx;v©*jSlb6ttA^<,
(2) WG fem* G rsiB L & o X b' GKS®B8-B©8S«Sitsl2*(:l 5 5SL@BHk <fc Gfi

GAA©#@L LX, $i6S.S®IW16M/e*^ai|$TGiCovx«B4& 
AtlxG (ifilSKcoxx h 6 Sts) .
(3) fft©WGfc©«bAffc (WCjtStteciLi LX) fckSflfflSGSm

S6(Jtte*5a^roS$b6n;«(cu, fi»«i2«*x-b^pv-yXicioxaiSM*®!**
Go
(4) ,E btfij limb Nil© ft*© © ©, |!i]#e(-.G'SA U - b G 3 /,©fi!©L, ,b¥,A'/>*4.‘i (II1:,434

2000NesM4S) ©itS6brXo 
XfcGo
g(;ira*x. sWG©^*613*©M%k:+AK»xt•£ J;-5c. £l$gt2*lLX®xx©

axd- ®mmm mw±«, tmm , ©mmxx b. ©itosm ©sisiysxx
b. nngx&hi* A- b'S#©fcto©V- b'X'f A»L$SI$@S'Ji:ifl

aBtJcikLfc.
A*. (1651Nm3/h). »g|i
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96 Vol%fcJ.±fcL-0'£o
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fbl±t,t5/u&6t®k@*f **x*;i/dr:-®*jfli6ssmtc«SI»6®k& b. §6
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4.2

4.2.1 h e k 7 e tgmitisss©^-*<
lEE@x 8*k*S&Ee#to#$lt5.i i:t2<k;5il*0IS-(btoikS6i: UT. ik*^# 

fiJHJH eT'H’ h i’^lZ-D^XfkMi'n^tzo Z(D
y" a -b 7, * |7| 4.2.1 -1 12 z| ; t"„

He^w h>-y-4'»;n2igAsnx a*®3a^sft^e$ 

tpfsstim ei*ss8a®a*i«$6g5i2SA$nx s^icm^iuRsn-So $£. 
He?i/-f h>-y-i'9iv>e,§t^sn5J:tettogfiv^;vroMvM^iit4wat2«ffl'r^fc 

totCx ®l4aa6ISS$«EEat:eii®lSt £>S i: & 3 EE H T-E® U M’S
(2i£-S^E*$-C-^V b7A0<tt|^£SV^EfS6(2EIB'r?>EDEXi: LTVx^o ffiS
FESSr-SSUfcBtiSflUi-'v V b7 Ak©BS«t2 =t D )$ifi£n3o CtUCJ; Dx 6BT*E

^-r^e^kttStLx
WElStoltM'Cttx *#AEDtA«*#k##&E##%%$E6 7DtAkEKLx

*,^01p*W'Jffl®ttBl'*Sx ttEIS-WittlU'|gSt*ofc„ *ESttx 7kStn«t«ffl He
7W h 7E4- ^EkltSKBSerofil^rtM 9E0«jS<bSff o fctolc, H e 7W b 
>-!M^A£j$6$-fb$ex %#**m$@&#mux -xu

t*s©iH*M>hmbtizeA(t»&y>'x ^Konxcoutx
yfzo

(MLfci&fimtrJS-dlNTx rPESnrv^E*;9A3 A bSSWVx |5]3A b titbit 
■sc i:i;ct ix v;'i r 9

(i) y d -t? a st * © liiis^ft

D,FEl6klBlttl2«J^r7-jf->y^E-ET^ItVCt'5'>A71A®7*.x tiTl2znf^ 

-7 3 0^ffT*fftstStlofeo
-£>5®** : 1651 Nm3/h (100%^*##)
08SEE : 10.033 kgf/cm2 A(0.9839 MPa)

08**56® : 96vol.%fcU:

bV 5" 4
-f ) 7x A ^ft

EE 1.033 kgf/cm- A(0.1013 MPa)

£S 30 °C
SB 80 %R.H.

N2 78.11 vol.%x O2 20.96 vol.%x Ar 0.93 vol.%
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Sg 30 "C□ )?viP*
' i.iMfe fc i;

S E 3302 NmVh
EEJj 10.332 kgf/cm2 A (1.0133 MPa)

sg 63 k(S*© 3 s,=5bro©sg)
50 Nm3/h

c«tao%

c)H e h XEA<6#%a:E6"xV <yA©^($
0 4.2.1-1 ©X'D -bXtli, -xij 66&C, HfiSStr^x U ^

A(7)(M$aSS V^lV-C'ES5U, %E UEEUBS^xV ’>A©l$®t£ffll''ttfiiPf6:7n'te

xk i_t©6o cfflfciE -mj 'yAfflfti&figiCcfcoxx fiSE$E«l®lto7isg-fbu E
*®®igi@aei:»seE4. XDEX6BSL,
* i' * k xn-bx mi it t 6 »sii0-efiSE««® m. ASg*t>'ttESg sg-ibd-er, 
x-V XA©#tif6SgiB0£tfc6Lfco

:fJ4£ftSgfflM'J'?gg£ii±T © X-X-e [Sj --®(Ii; & & J;-5 l+#£f :r o fco 

o-y-x i(gfisg)
<gSE$6B 2 ©#ASg&W6 kE*#&A@f 6-xV XA#W&SgiT(f-5-£'S*s 

&6o CO brnm, ffiSEW 2 ©«ABg6s«E'5S(©m?gg(123K)f»SICftofc 

S&cftats. *X-X©±2#X#@#© Q-T %0&B] 4.2.1-2 .
o)E-X 3(##@g)

^xV XA©#%ag&#< f6k He 7W h XE41 XlV©%$to*tttS6nf 6Ak S? 
SSS$$*©(aiUE«#©vil*l6^6iettt-6o It, "X'l 6
t;liN ffeffl^inTE£X*6ft£n*SgJ: 1 ifi©SgX-x'J XA&ttl&U Em#&A@ 
tZ&gtf&Zo btzt)’^-ClBSfitt, E#&K@s©B%agM&I:% 6 k % 6.

*X-X© MA5t)t$© Q-TSB&0 4.2.1-3 ICEifo 
I'J'X —X 2(tti|@Sg)

ffiSEWI 2 fflO&ASg6^-X 1 k(r-x 2 ©cfi|@Sgk L£o *X-X©E#x#
g© Q-TS060 4.2.1-4 H/pTo 

S-X-xro-xU ■> A68 4.2.1-1 (2/n1"o

(2)*Em#m©E#
HeXW h XEi- XA.kS$*$«$K©i*S"y-'l' XEI2o©t, (l)Jflr-/T btz 3 E- 

x©X DEX©tt6(6bro/2o -xo 6KE^i$B©g
'b4'.«i-;6<xA-1 Mtrnxb 6sS@iSt:*5lt6#E^#tt- -$k Ltz» xo-kxlb®

L60K#©#*&8 4.2.1-2 tc>n1-0 $ fc. #X-x©KE(gi#6©tb#(&8
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4.2.1-3 'N V 4.2.1-5 Cwt.

#4.2.,1-1 #<T- X®/\ V
X"X 1 X"X 2 X—X 3

ft&E* [MPa] 2.026 2.026 2.026
«$BSS [K] 140.7 152.7 166.6
3t##*^D[kW] 144.8 154.8 165.8
ffiSEIBti 2 ®#A
SS [K] 128.2 148.2 180.2

?i 1J4.2.2#®He71/-f Jl-©R4iiK0

#4.2.1-2 ae#®to#
to* [%]

60—80
7D7-

50
ffiSSHEB® 50

#4.2.1-3 6t--x©eb*J5uatii©it8
7"—7 1 X—X 2 X—X 3

Jg*4$S«fi [Nm3/h] 7970 7970 7970
E*$ti6to* [kW] 619 634 656
Hey'V'f t'>+M'£;k 
%4to* [kW] 74 84 95
-£>Sto* [kW] 545 550 561
®55ES$e [Nm3/h] 1720 1720 1720
®,BE*toS [%] 96.0 96.0 96.0
ESBSZ* [-] 0.998 0.998 0.998
ESSD*SWfi[kWh/Nm3] 0.330 0.333 0.340
*$*xamss [k] 180.0 183.7 193.7

# 4.2.1-3 SVH 4.2.1-5 C:^ U* =k •$ £. ^Ue'A®ftESS6siS<»-E>i:x He^l/-f
h »;v* * s to* titta * a »s. ES$jS8BTifiBsn^to*As;entt±ir

6*®. ±to*A#*L. ES$ifiEW6t)t|*Dt-^>=
Afflftfefifitfa < i:ai'**®Hipa*tts < 4 d. *s®tfwu

fflStt|q|± LT^-5 C >A^o

(3)** A®#*f±#&a##@g® JLf-Wl/f-D%®i±#
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x^Hz;v4?-i:i±. ##%?mmcg a $ ? cm o m u# am^f±

*r* wt© st-ft $ n-s o
E-(H-T0S)-(H0-T0S0) eq-1

czx, Hli«Kft:fflx>^;i/tr-, Ti±m#©@g, sii«#;0i>fnt;-ssu 

S# o i±$j&r<6 & # u t t,' a=
igtSttffiSttT©efcd C&# bfco

$gi£E±IP0 : 1.033 kg/cm2 A(0.1013MPa)
S#SST0 : 30‘C

S»"-XC*tt-E.)%B#ti66SA16.#tite$n^**;ti:»6a4.2.l-4&U=@ 4.2.1-6 (c^to

154.2.1-4 ^##S®rox?*>],¥-Kit
* 1 % 2 >7—7. 3

*S©#&S8£ [K] 63.0 63.0 63.0
**©jSiSSS [K] 180.0 183.7 193.7
«ffl$ftfe**©x^-fe;v*- [kW] 197 200 207
fflfflSft»*ofc*S©^i'-b2V4;- [kW] 40 37 30
** ZMMUg. * X & it cF 44 it BS© x <9 -t 
ll/*- [kW] 237 237 237

0.831 0.844 0.873
^X'J ->A©«*&fig [K] 140.7 152.7 166.6
^U<7A©$SISS [K] 199.4 217.3 232.7

^ [kW] 115 101 82
«ffl$ft^±^©x>7-b;v4F- [kW] 312 301 289

m 4.2.1-4 *>6. fiJffl$n&**©x^-tr;vdf-tt^sO>>A©#t*&®a*sj«<*:^C^ 
v\ fcftpcnjinlxuzc **©mn®9Ett i80~i90K
^SS$"e$4b$-ti-fckStc#e.n5**tt*i:ttiK1--E>k^ -e©-5*>©80%ti±tt@
SE«$gT-Effl$ nr v a c k $ ft a „ ^u■>Aofti^ss^iWV'a^ **©^
i«flSWS<4otl'5.

-13s ^')->AA^^e>n4**ti:»tt-xv^Ac^se^fiv'ig^s<x **k 
-'-U'i'A*>£,»&ft3^0 ^AW^S&igftWfiTtt^tliia-rSo Cftfcft 

®SK)SSSr-«ffl nJSB&ttVAWVfrA ©ttitssjgtfffiv \ IS ifJtJn-r a ZbZm Itl'
§ o

ikkA ##$ft6ft##k©j:9C*m$ftT^a&&KBf a&AC. &*&£ftfcx 
^•fe;w4f-i:*tS««©x^-bii/4f-oxS:*»fc» kft*«4.2.l-5&O'0 4.2.1-7-0 
4.2.1-9C5;1% 'VJ P7A©«i^SSAS±#f-Bkx 'x V ■> A^S.toli&iSftax^-tz.JVdF- 
ttM^U eSE$Bafflx^-b;v4?-D^x 3l#^»^©x/7t;i/af-o%A;j@%LT^
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So £©*§$>

*4.2.1-5 **«|jfiilll<Dx^-bJU=P-/X5>^
£*—X 1 f-X2 f-X3

INPUT BSSa©x^-b;i/4?-
[kW] 110.4 110.4 110.4

-tr;u4f- [kW] 115.4 101.5 82.5
Ha
3=- [kW] 199.5 202.0 214.0

[kW] 168.4 183.3 205.2
iHf [kW] 593.7 597.2 612.1

OUTPUT mSmf-HXDJif-Wl/jf-
□ X [kW] 5.8 5.8 5.8

til/4=
— DX [kW] 147.2 149.6 151.3

3iX-b;v^—n
X [kW] 113.4 114.5 127.7
S@iS®©x»t;v^-n^
[kW] 165.5 165.5 165.5

[kW] 43.1 43.1 43.1
®S©x7?t;v*- [kW] 118.7 118.7 118.7
irlf [kW] 593.7 597.2 612.1

(4) »;V©ESt14S#
t&WLTife He 71/1" h>y-^^ll/a^SKi68gC«tSK*EB3X h6«t»SF 

IBB"4" So
fee^;ni^*M?8£*5fcf s#@#i:i.b«t££nrvsfcto. #*#

@t#©KS3x h*s. tntcs&iressggnx h&;g
gU f©3% h-ea^th4'^>6S6a-C8S*a$flg1-SSi:CLteo

a) rpS6®*©3X N#g

®*ii# t nr * b, mmxxvmUs
fSo 4-EHixS^X-* ©3-ttViS*6»EKS© 3x bS*»s;tCLfe.

5 #©a##E^mkiKE#A#&&4.2.1-6 CS1" ®«

s©KS3x Mi, mm^Am&mmm-c#H6#?&So
4-|l!£>B&»*Mti, 1651Nm3/h, 1"»t>% 2360kg/h ©®*«»C»Sfc©, 

SB?t*&8SgU #g^4lS#*&**#*o-V--C#*&f Sk»Sh, B^SltS# 
12,500kg ©*S©t 5 h U-^mz-t), 5#R9t:-ia©^#&^(iS^g^*S6©, $>
$ basnet;ii&v>0
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354.2.1-6 rtr®KS©37 MtUtffi
Wt • 7*sttb

E®^S[B77 m3] 884 1,467 2,351
38,358 18,010 56,368

ffi?*3 7 b*[R/Nm3] 49.0 13.9 24.0
*?f) 0.101 MPa. 35°CH0mt^Xs 0.101 MPa. O-CtfflttiCil l

Tl'So

b) S$ffi37hi:ESEB37h
18113 7 b k88S$B63 7 b©M«tt. Hu^S®fi£$«iS« 5.4 SSkHtWTffllfefre

354.2.1-7ESSKS37 bffaj*#
m

7,920 O % 3,300h
0;69[%/*F] 18.5 wzmfrtsts
Aft«[B75R] 42 7MR/A^15 A

%$#A[R/kW] 1650
S^[R/kWh] 11.14
$@[R/kWh] 6.15

k — ##

LT#$t LfcVV,
AffifflsAit mm&mx&zmizxxft

S»K:|iJb«SKS5#i &itzX, aieSk VT. l £/H© 3 it 4 XtctzibX
foZo

c © A -5 7 HitlT© J; -5 c* $ ft-5 o

::c, x[R/Nm3] : ESElfinx b

Pc[R] : 181137 b

R[ ]: BSSit*
Q[Nm3/h] : ®SS*(100vol%)tS) 
t[h].-

CL[R/Nm3] : AftS 
CEP[R/Nm3] : l§mi?l|g

67pt"o
±5$;&$jBTfttt. ESSB3 7 b X *6181137 b Pc&.
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eq-3
Q^t Qt(CL +CEP) 

c R R

k LT

e cEpii. * 4.2.1-6 x 9 , ®s®s*ji spc kwh/Nnv> k u 
#*#4#^cFn/kw, g®, cNn/kwh k-rfta,

„ 12xC„ SPC SPC-(CD x4620 + CN x3300)
CEP=------- -------- +------------------------------------ eq-4

ksRto&iiSo
E-nit 7 ^©EMt-lSS® $*1UF{6 as*'J' k & -5 ©li, * 4.2.1-3 ®7—7 1 0,

0.33kWh/Nm3 tftoTV'5. @+##18-&(###©#©& lOkW k UT,

SPC - 0.33 + -^- - 0.336 eq-5
1651 n

kT-60

ibe(®fctoiiS®$ASma-aE8B"t-SS&SST-ffiE1-^7'D-b^tcovr*@fi6® 
ffffi&ffdo 0lk UT®tD-kl:)’A:7-D-b7&gl 4.2.1-10 iz&to C©7Dt7©#*## 

ffitt, 0.552kWh/Nm3ktcoT*;l3 X El^tM 7lVkm6Et(M8tok©e*& lOkW k 
IT, SPC=0.558 ffZo

c) i8<®®e%tt!¥tt
2CJ;ot;U*»fcill!B32 h kiSSnx h©M® SB 4.2.1-11 icsfo 
eq-3 iOM6A^i?C, |B|b#*Sm37 h&y-;L3ElB-tM'7;i/k«S8§<i®37 

hSIi, @(;|0lC.-Ttt2«Hk*:o-cu^o c®37 #tHE^it^7;i/#8(8m

®3X MtiPtt§ttkHx-5o
a42.wi:*bt®i«32 MctttBf •£$837 Hi, %®#®

*4.2.1-8#*37. hA't>*to/£l88©3 7 hit#
mNnx h

186 E# ------- ■— 13.9 R/Nm3 24.0 R/Nm3
E£r+M'7;HS637 HS7JR] 518.7 1,233
«S7n-b7l8«37 HS75R] 337.3 1,051

^@Ei=fv-a^#*ESES6iaS7-D-t:7T-EaSLfc®ir, *4.2.1-8®#*37 h 

A^ 13.9 n/Nm» i-5 »em@kf 6®lia%?& 0, -A 24 R/Nm3 kft^ii
*l88«i'J> LSSS-E, =k 0 Cgfcn^o

E-n-y-'f 7lV!88©3 7 HtMF&ttti* 2 (*R VA>& <, LfcAsot, C©37 h# 

TEirtM iS«k LT%l$$-8''bft5A>AsE%tiff<i®:9-»
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m jO z ■K # « -J © m 4J6
& JO 4: AJ 4< 9S •$\ to t6 to
% IT

vu to «s M SK 91
m r'

p m 1 ■W ft m E to
e Z, £ © # m HU to

K AJ AJ ft < dd E m ■AJ
n ~> 5 m 0 ■K £g E
© my

ny ft iti ft! m E *ffk- \z o * < E K? £ #
R m o & E o ■*) 4 ft! ft! BK

ft ^ J K? ft K» P E 4l\ © £ Sg
<\ ■W 4 m z -> S E u <m ft
V mi IK ~> £ £ © ±S P 0 © >lD o A

ft IS m# to © E 12 K- ft K» ■R m
P % /A m u # ft! # n # k # to

m p i»y ft !% AO 0 ft <*X m 44 p
AJ 4§ mg 33 g -R ft AJ V -> w *
i P © P % # # U it ft © mi

X) v G A) ft! <n ■aj # K ■AJ
# 1 z £6 ft # P # % i^m it n 1
m z ±5 # a m .o A> 41 © « , 1 V 4r

z eh P ffi 12 © £ s V -O W to P A> W 4> '-N12 tL ft <w P ft *X #6 \z %K -> A 4*AO N |jjg m ^g <n ■£ # m 0 12 $ j- ■^
% V to © s # ■K 12 K* V H

ft J~ tp- £ £ % E AJ 12 4p E K H A
ft K <n m -22 H K m «f 4» \z © h P<0 n to * K» K © ft AJ n m 0 0 A>
S E z p k h V D e: h ft m X ft 0
P AJ £x X # 3\ 4> h K © m 0 12
°? o K» ,\ k 3C K A $E n E B V K m m| A) ft toW
rsi id V X- a % x— k «| m © # 4> 1 $g Sin ft « \- ng E K © m © A io ft
« m 33 # * n # P E to x. © © % ft AJ #

o *9 \z -A) Y\ iife AJ c\ ijim # <h V 0 -4 •R U it
K* £ tio (V) Wx E ft # 8 AJ A co 4> # K» ©
ft -HI 4< © X W ft «s © 12 £ k K? o # BK ft E
12 12 -O ■H *0 @ © \z AJ (D # < 44 \z Enn 44 z$ © 0 0 XJ A -> # #6 K 88K
4 <w £ ft & 4J0 \z s ft © 0

ft \z K 4R to tQ m AJ AO
AJ ft 4J ^_ E V AJ U It
U \z □ V a E AO ■AJ

h p to to It ilm
A> o

ft 4< # A A -AJ ■AJ to
P m k V m p « ©
A 0

ft ■JJ6 , xz ir\ ft © to
to £ ts r h m K? e to
#:
P

AJ
BK
m
©
K-

ft # V w # e
<n to 12 "N # ■M « 44

K m E o K m to <rn © «
4J tQ -R K* ¥ 4i E 4P XJ p
n £ # £ n >l0 to ft A
h -HI E ft N ft © s 4H2
44 A 12 # ti to H to to to to
■AJ o- ft to m S © © # AJ
■H jjj| K ■C to ■AJ H p K <\
s$ ■AJ

1

n to Ax ^g o , 4J to K ,
m © ft to IBx Kf> p n © ■^

§ m A E £ £ N E T\ co
© E to P m m Oi
# a V is ft % s •«5 m # © 1
5 © 12 Bi to m m to
■K £ in P £ 4< s ft <h K?
m A

to

■AJ
#K
1

A
ft

to to #6 z A to E k ■»
K? E A AO % ft # 5 # AJ p
4 ■R j- to ft ft v_ to A
A to V ■AJ ilnn 0 4d K 33 IB
E IS A P IV n 12 ■AJ 12
12 P T\ h g m z iife to
4% m Qj 3\ ffi ft ts 33 U to <w
AJ m X K to m 4: P o ©
ft to j- ft # 4© A K» % ft
4d o E K A p AJ 4: #< w
4U ft 'z™ # n iiiin yp B A 4X

0 K © © to UK Iff to K? Ka
to ft n

E
#

n E A E ft ft © to to ■?e £
P ■Q * ft <h 44 3B ft 4H ft

© 0
to AJ © <rn BK

Zo 'u rj E ■» £



(6)##£E
1) Kotas, T. J., The Exergy Method of Thermal-Plant Analysis. Butterworths, London, 

(1985)

2) #X1/U:l-No.419n p.l9s 1998
3) Murata, Y., Low Purity Oxygen Production Process by Utilizing Liquid Hydrogen 

Cold Energy, Proceedings of the 4th Japan-Korea Joint Symposium '97 on Hydrogen 
Energy, Yokohama, Aug. 29,1997
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4.2.1-1 H e 7U -f h

04.2.1-2 tr-7. 1 <D^$j#gSmQ-TjS0
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04.2.1-3 <r-% 3Q - T #0

[kW]

04.2.1-4 - % 2 Q - T #0
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450 -

He«t6£J$ [K]

H 4.2.1-5 'N U ^7

[K]

184.2.1-6
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700

S*Ox$-b7U¥-

500
-

B*©x$-b7i,¥-

400 fl.BPfi'e>4x£ttS ETQx^-trJU^-ax

x^-tr^l/^- dx300
He/J'6

---

200 x^-b^^-a^

100
x>7-b;i,=F-

KEfWO
xf-Wl/f-oa —

INPUT OUTPUT

04.2.1-7 X-X 1 GDX^-feJU^-A^VX

i*
P■CxH

:

**®x*-trA^- -

-
--- BWRoxf-byLf- ---

--
^==

ET©x^t7Lf-o% •--

®za*E*m©
X^-bJlz^-DX

-

H e A'S 
{*♦&<* 4i* 
x£-t?7U#-

x/?t7l,^-a%
-

—
*«!***'6

x£-t:7l/¥-
ES»S©
x/?t71,^-0% —

INPUT OUTPUT

04.2.1-8
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700

600

500

— 400
I*

■fJ 300<n

200 -

100

-
— -

flmSSirox^-tr^-

**<Dx*t7L=F-

==^=J

ETCOx^-b^lz^-D^

x/7tJ|,f-a%

H e6't»*♦6*4x6
x^-fe; i/=p- X/7t7|,f-0^—

-
*Hb**6'b#M6S4i4 E««®0

x<7t7l/f-a^

INPUT OUTPUT

4.2.1-9 Jr-X3(DJi'7-b)\s=)r-J^>X

EI6E - &

m4.2.i-io yn-tx
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Kn 2000

K 1500

10 15 20 25 30 35 40

»**!&□* h [R/Nm3]

0 4.2.1-11 ES=ix hhiSDizix h
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4.2.2 H 07M h fjuom&t

Zi/Xr i±t vxm 4.2.2-l b>
im 4.2.1

4.2.1 e 71/^ b ^v^ESEjBEgtDlE^tM ^;v©
^fb£fr otz&K, He0iai0i^§ 3

L^=o zzx\zn&Ltz 3 tr-*n

e 71/^ b >tb^ ^ # C H e y

1/ -r b >1b-f ^ ;i/(D#%(Co^T##4 l> fco

□ > y u y +t 
2.03MPa 
(20atm)

^ — tr > 
0.71MPa 

(7atm)

■^AAAAAAJ
1.01MPa

-AAAAAAk 2^0atl")

(p)-if>7
1.01MPa 
(10atm)

04.2.2-1 He7M b > £&%&&&<%&££+>- 4 t )l
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I 4.2.M C,nf H e /M h >+t t f f tofiSiM li «l£** to U #

s*$ssH-easiSi8gsi: d; d $ ^cttsBeuKSft

-b o

H e rut h >+tf V >vco £&gt®jfefHiil!j*pjStfcWi:H b < »©* b t bfeo

«It fill H e E/J 

EJkffliJH ertJj 

3 > 7" V V y-«6*

.4-fk *nx;x vwyiff 

# it: <)< 4- ■-’! It •'; 

#(**S®ES.

2.03 [MPa] (20 atm)

0.71 [MPa] (7 atm)

85 [%]

90 [ % ] iuSt 

20-63 [K]

1.01 [MPa] (10 atm)

0.082 [kg/s] (5000 kw « SSI: 6 S,®)

4.2.1 X-mfr-y- 1 V htnmMik'&'rr o fe»t£(W LTz H e 7 V t P > It t t> )l ®

li, 3>7t7tAPHeSSTc4 40 K t It, ll®M8APHeggTs4 

140.65 K , 152.73 K, 166.56 K C 11® L tz 3 >T - 7 tf $> h „ IPWSSX6H 4.2.2-2 

*p P, K! 4.2.2-4 it. gtWS/iXS* i: to ZP 6 0 $ S 4.2.2-1 it Info H 4.2.2-1 Clin

> 71 7+tAClSlST c*s 30 K, 60 K, 80 Kffl|^ti##£l:S Itl'J.

4.2.2-1 He7M P Aft :+#*#

APSIS ( T s )
3>tl 7 +t 

APS® ( T c )
®*SiS#gr-m

ic#S#

a 140.65K 30K 181.02 kw 110.01 kw
I 40 144.80 73.79

X 60 101.87 30.86
1 80 76.88 5.87

4r 152.73K 30K 191.77 kw 120.75 kw
1 40 154.80 83.79

X 60 110.26 39.25
2 80 83.82 12.81

X 166.56K 30K 203.95 kw 132.94 kw
1 40 165.76 94.76

X 60 118.85 47.84
3 80 91.00 19.99
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4r-X 3©3>7"V y9-AnS@TcS 30 K , 60 Kx 80 K tC $ xg+@IS 

S£B 4.2.2-5 4.2.2-7 l:St, S 4.2.2-1 13 t> & t A -5 1C x n >7" V -y 1AA

h>+h'i'^;i'©gji'fb (&£i& A A5 IIA i: * & ) 

tout li 8 StcffiS L fc <1: 5 CA ^-t>APfig/3>7l/'yf APfil 
©ssj± (tt/t c) 4.2.2-8 C/fx-f <t a ir-y-'f 47<&i.

tooT. 4.2.1 7i- i> i£ £ o C H e ?'is J h > if J P A fr i> 19 t> tiZ t£

i> - if > APS® TT*srS<*£4r-x3*s34r-7.©oA>-#A#<&o-CP-5o
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WORKING FLUIDS = HELIUM

CYCLE EFFICIENCY = 50.960
POWER OUTPUT =73.79 kW

A

T =68.62 K T =63.00 K
P =7.00 atm P =10.00 atm
H =-1192.90 kJ/kg H =616.46 kJ/kg

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

W =0.082 kg/s

REGENERATOR

71.01

COOLER

i 4.2. 2-2 ( T s = 140.65 K )

WORKING FLUIDS = HELIUM

CYCLE EFFICIENCY = 54.128
POWER OUTPUT =83.79 kW

A

T =152.73 K 
P =20.00 atm 
H =-754.68 kJ/kg T =157.37 K 

P =7.00 atm 
H =-731.68 kJ/kg

T =69.26 K T =63.00 K
P =7.00 atm P =10.00 atm
H =-1189.60 kJ/kg H =616.46 kJ/kg

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

W =0.082 kg/s

REGENERATOR

Q = 71.01

COOLER

El 4.2.2-3 He7M ( T s = 152.73 K )
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WORKING FLUIDS = HELIUM

CYCLE EFFICIENCY = 57.165 %
POWER OUTPUT =94.76 kW

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

0.454 kg/s

T =166.56 K
P =20.00 atm
H =-682.81 kJ/kg T =171.91 K

P =7.00 atm
H =-656.04 kJ/kg

T =40.00 K
P =7.00 atm
H =-1342 1OkJ/kg

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

T =69.98 K T =63.00 K
P =7.00 atm P =10.00 atm
H =-1185.80 kJ/kg H =616.46 kJ/kg

W =0.082 kg/s

REGENERATOR

Q= 71.01

COOLER

m 4.2.2-4 >7JH ( T s = 166.56 K )

WORKING FLUIDS = HELIUM

CYCLE EFFICIENCY = 65.184%
POWER OUTPUT =132.94kW

A

T =166.56 K
P =20.00 atm
H =-682.81 kJ/kg T =171.82 K

P =7.00 atm
H =-651.61 kJ/kg

T =54.61 K T =63.00 K
P =7.00 atm P =10.00 atm
H =-1265.70 kJ/kg H =616.46 kJ/kg

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

=0.082 kg/s

REGENERATOR COOLER

04.2.2-5 H e7M h > V -i ( T c = 30 K)
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WORKING FLUIDS = HELIUM

POWER OUTPUT =47.84 kW

WORKING FLUIDS = HELIUM

CYCLE EFFICIENCY = 21.969 %

POWER OUTPUT =19.99 kW

A

T =166.56 K
P =20.00 atm
H =-682.81 kJ/kg T =168.53 K

P =7.00 atm
H =-673.69 kJ/kg

T =131.12 K T =63.00 K
P =7.00 atm P =10.00 atm
H =-868.08 kJ/kg H =616.46 kJ/kg

W =0.082 kg/s

REGENERATOR

Q = 71.01

COOLER

04.2.2-7 He7M S > V -f * Mfam ( T c =80 K )
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H e iiX : £ LTl+g

k = 1.667

£ - t: >%$
3 >7 U v 7&b$ 85%

a ft it ( £ - t:> An/3 >7 b 'V V AP ) T t/T c

@ 4.2.2-8 7'u>f s >7/ ^
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4.2.3 vsA

(i)

VSA t:ct^#^#$a#S(DyDt^7 D—$:EI 4.2.3-1 iC/pf o

oxygen yield

Oz :<95%

desorbed gas

I'll ter

vacuum pump separator

gi4.2.3-i vsAgmm#;%^#@7D-
Fig.4.2.3-1 Schematic diagram of oxygen generator

(2) mm#s<?x±#
4.2.3-1

#4.2.3-UW#mf4:
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 ph 700 kg/m3
Bed porosity € 0.36

Internal porosity z p 0.34

Temperature 200-273 K
Adsorbent MS-5A
Adsorbent diameter 0.25 cm
LDF constant for 02 /N2 3.98/1.44 S 1 [5A,273 K]

3.6799/1.4023 S 1 [5A,269 K] 
3.4709/1,2558 S1 [5A,253 K]

Operating pressure 150/760/1000 Torr
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(3) !§<®3X h
mih 68 4.2 3-2 llTnto

8 4.2.3-2 h•)
Table 4.2.3-2 Estimation cost of equipment

No ?, ft f± # $ tt fffite(H)
1 adsorption vessel (61800 x 3500L SUS304 2 g 3 8,700,000 26,100,000
2 adsorbent MS-5A 2600kg 3 5,200,000 15,600,000
3 heat exchanger Air/Liq.H2 SUS304 2 g 1 6,200,000 6,200,000
4 receiver 0 1200 X 2500L 2.5m3

SUS304 2g
1 5,900,000 5,900,000

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 951000 X 2000L SUS304 2 g 1 4,600,000 4,600,000
9 control valve mm 3B 1 1,600,000 1,600,000
10 automatic valve ON/OFF solenoid valve

3B
9 120,000 270,000

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 IB 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

16 MiMSSIt -223K~323K 3 32,000 96,000
17 BE Alt -760mmHg~0.6Mpa ffe 4 20,000 80,000
18 gXrXd' Vf- 2 8,000 160,000
19 BEIIs 7 7 > v\ X h V—g 1 800,000 800,000
20 common base W3000XL7500 1 900,000 900,000

0# 70,960,000

(4) itoiwe
4.2.3-s 4.2.3-2 nznztimto

4.2,3-3

- 2 4 6



4.2.3-a m&mmmmtntiMmtLtvmm
Table 4.2.3-3. The relation between Oxygen yield and concentration

Concentration % Product yield mol/s Power demand*2 kW-h
98*1 5(403 m3/h) 39 l(0.97kW-h/Nm3)
93 6(484 m3/h) 317(0.66)
90 8(645 m3/h) 336(0.52)
89 8(645 m3/h) 343(0.53)
80 10(806 m3/h) 355(0.44)

* 1 : 9&SS6 253 K fltli 269 K
* 2 : KSKX 3 kg/cm2
* 3 : 0.8. mmw 0.9

98%IC*5iT5lK*tt 37% i:. fetirt'-So #®#@Tf

®*i:6tciiAaLTi'-E.o

Concentration (%)

EI4.2.3-2

Fig.4.2.3-2 The dependency on Oxygen yield, concentration and unit power generation
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The relation between concentration and yield

(5)
0 4.2.3-3 E65!

Concentration %

!_♦ Flow rate * Recovery

Fig.4.2.3-3 The relation between concentration and flow rate & yield.

(5)

<P#x II.

II. Yanagi. Oxygen generator using low temperature vacuum swing adsorption, Proc. 
of the Sixth International Conference of Fundamental of Adsorption-FOA6-, May 

24-28, 1998 (Presquile de Giens, France), P799-804
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4.2.4
r* a, «&*$ © & m ffl l m m a x & m m t z •£%#»%&c & 11 6, ® 

A&S#k@$me>S?Sa2©kim@W4(«A)k®B§K;@3X b©M«C-ov-m 

W L fc. W», ’$,xt,j'>li«B6^telStt»*6ilSKje«B kfl=*.

0) X-XXXXx^ft-
*®-e <0 $r,M i i x - x x x ^ -f ffl © fk tt 4 -3 # © i -5 :iaSt^JSLfc

CASE 1 826 Nm3/h
CASE 2 1,651 Nm3/h
CASE 3 3,303 Nm3/h

96 90 85 80
75 70 65 60
55 50 Vol.%

e jjmmm 0.2 0.4 0.6 0.8
1.0 1.2 MPa(g)

(2)

6#kf 6k, ISSIT 3 a. KS$i6$T- 10M,S*E4re6@k& t>MH80 

k Lfeo 8*SiiagB©1tWe7-'^k LtSoiSiofe.

SSI CASE 1.2,303fl

kssejs 96 %.9o %.85 %ii6-©$ $$sta-«sej; d es

Sifit6„ 80%ttTlilSyj)*»s-SSvk®tin6 

9O%©E*6KiSL.E(cSSVe#KUTfilTS0|i6)S.S 
Mk Lfc„

E© SSi k ©#«* #» U ^SESSE* 6 ©USE*
a o.o2MPa(g)k L.?©«»E*«t;r*BE©*
X#Ef 6.

(ii) *®©ti.@©*E© MPa ay-XES/E-ro
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wstKiastBci-s. m&mi
©M®&rEI 4.2.4-ljiOTrA 4.2.4-ljt;/S1"o

(C)

f

i i-------------------------"

r »
(A) (B)

(a)
(d) mmM&m

(C)
(b)

(e)

MSB--------► g$jR*-x
(D)

(C) ;H/« (#RM) ~?:V,

8 4 2.4-] SiS$IB|iElSaBtT:>

h 4.2.4- 1 r a >>S)|:
$SKSm 1.651 Nm3/h (CASE 1 ) fflif£-

/«/<%# maaa#t
(A) (B) (D) (C) (E)

Volo % mm/zs. Mm/m&m
96 1,688 1,688 1,651 0 1,651

8,053 8,053 1,720 0 1,720
90 1,688 1,688 1,651 0 1,651

8,053 8,053 1,835 0 1,835
85 1,688 1,688 1,651 0 1,651

8,053 8,053 1,943 0 1,943
80 1,691 1,628 1,589 63 1,652

8,050 7,751 1,765 299 2,064

75 1,689 1,589 1,551 100 1,651
8,044 7,566 1,723 478 2,201

70 1,689 1,545 1,508 144 1,652
8,040 7,356 1,675 684 2,359

65 1,686 1,493 1,458 193 1,651
8,032 7,112 1,620 920 2,540

60 1,685 1,434 1,400 251 1,651
8,026 6,829 1,555 1,197 2,752

55 319 1,364 1,331 319 1,650
8,016 6,493 1,479 1,523 3,002

50 1,682 1,280 1,250 402 1,652
8,010 6,096 1,388 1,914 3,302
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(3)

i h >+to Xito^XK!fiSB©#^tM x;k©M4i:'$x"r,?#fb*ji6@bnl&

l. 3©${b;*nfc«*^m#»ffl©jg*4®m£#9,

* o .ms*to&®£
5 ck D liSI"-5B"C-r$^7j<*c7)»iii6fiJfflt-5„ £ttyX7to©«gtt 

®*C/fiSi»»8B@^©tog6*©rB14.2.4-2jtC>f;'t,,fBU «tb**Stt® 

,V;n5A:.',l («®*^-X) ©2{gi:L, A*J®**tt*$8 L&to

v-snrr<—► ■saunas —»%%#E*—
t

I1
mtJkM------ ► 9MM-ft*-----------------------------------------

[*] 4.24-2 b

ti. hmvX^/A-m.M to-xi*md:itt|8£;h,5*fb*SEtt -Sk&SAto

iSga>®8Bffl©Saii=t Dil'SSJt

£ hE$S Stott EC.S'kttS,

itfX

>*S**X

(4) #4l#l #%©##

U h©^fricX-dS*vb®ipte©t6a-f6ff%ofc|S$6^tt7n V$t"=

to$©'>i*6«SE«ttovTtt.$tiu b ft 5 ~ 6 uias l
£= tt FIC. M«5S6/Pir„

a 1.2.1-2 6s««x$e@-¥-e
Eto 1.0 MPa kWh/Nm:;

mmm

Nm3/h
iilS ( Vol. % )

96 90 85 80 75 70 65 60 55 50

826 0.430 0.392 0.387 0.385 0.378 0.372 0.365 0.359 0.348 0.337

1,651 0.411 0.378 0.373 0.372 0.365 0.360 0.353 0.347 0.336 0.327

3,303 0.392 0.361 0.356 0.355 0.349 0.342 0.336 0.331 0.320 0.311

2 5 1



i # 0.39

z 0.37

£ 0.35

St 0.33

95 10085 9050 55

0.2MPa 
«— 0.4MPa 
■*— 0.6MPa 

0.8MPa 
*- 1 .OMPa 
♦- 1,2MPa

oi.%)

0 4.2.4-3 ( CASE 1 826 Nm3/h )

CO 0.39

z 0.37

£ 0.35

^ 0.29

—0.2MPa 
~i■— 0.4MPa 
—6— 0.6MPa 
—0.8MPa 

1 .OMPa 
—1.2MPa

0 4.2.4-4 ( CASE 2 1,651 Nm3/h )



# 0.43

0.41

# 0.27

—0.2MPa 
i —0.4MPa 
—a— 0.6MPa 
-*-0.8MPaj; 

j —1 .OMPa j 
—1,2MPa

50 55 60 65 70 75 80 85 90 95 100

K*ttJ£(Vol.%)

M 4.2.4-s ( CASE 3 mmmaa 3,303 Nm3/h )

s

0.43
0.41

co 0.39 
A 0 37 
^ 0.35 

1 0.33 

£t 0.31 
# 0.29
m 0.27
# 0.25

500 1000 1500 2000 2500
BSS^iSmNm3/h

3000 3500

—•— 96Vol.% 
—85Vol.% 
-A- 70Vol.% 
-X- 50Vol.%

B(|4.2.4.6 0.6 MPa )
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kW
h/

N
m

3#
K

*

0.31 j-
0.29 h
0.27 i
0.25

ESI^iiSNm/h

♦ 96Vol.% 
—85Vol.% 

■ A 70Vol.% 
-*-50Vol.%

H4.2.4-7 ( ESltiBEtJ 1.2 MPa )

(5)
h ©StSCfcfc 0,ISOBWffltoaeAs-BS2: & 0,sfilrolBlikttg# 

/S«tsrof±«(£i: LX?*»54*g*sfe5o 
crog$SK®o9Sk LT&tDflICE/SLfco

'?« y^aEmsmtea^aE##. k®
j'-t- >6Sto. k»em$. its

CASES 

100 m 3 

20 m3 x 2

IStii. EffiSt. SE*Kj«88. fgEE*®, ^®7kWS6®6St?

ttglS;® CASE 1 CASE 2

$<b*s 9's'? (m@#) 30 m3 60 m3
mk’SMf y 9 10 m3 20 m3

profit
X2SISr$tSB18 Sia tf, 88, jfilSt-i&il&lBIt, IBIS IS® 

7'ny-, fiSSfltE$6«$. K*ff®S#M) 

Effi.tSE.eaSfflltB
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WF :£t/j 1.2MPa

IEI 4.24-8

Nm/h

-♦— 96Vol.% 
■*- 85Vol.%
-a- 70Vol.% 

50Vol.%

( 1.2 MPa )

(6) #^3 7 F^#

24 h x 330 = 7,920 h
&### V 1,650 /kw ' H/720h = 2.29 ¥/kW

Mil.14 /kW f%!6.50
¥ 6.15 2.56

11.35 ¥/kWh

(m mjB3%H^#^^i2.oo¥/kwh&mmL, ^aizk#^

OPT]

Am i % $ 7,000,000 n a u i ^ 4 m 3 L% 4

255



g!
i£

3X
h¥

/N
m

39
IS

S
^ 4.2 4-3

E7j l.OMPa ^/Nm3
mmm

Nm3/h
eg m m a ( Vol. % )

96 90 85 80 75 70 65 60 55 50

826 25.17 24.59 24.55 24.43 24.30 24.17 24.03 23.88 23.67 23.42

1,651 17.69 17.21 17.17 17.08 16.97 16.87 16.75 16.62 16.44 16.26

3,303 13.06 12.63 12.58 12.52 12.43 12.31 12.22 12.00 11.95 11.80

% 18

—♦— 0.2MPa 
—■— 0.4MPa 

| —a— 0.6MPa ! 

—*— 0.8MPa 
—*— 1 .OMPa 
—1,2MPa I

ES^Jt Vol.%

W4.2.4-9 ( CASE 1 826 Nm3/h )

ESMJt Vol.%

i

0.2MPa 
■*— 0.4MPa 
■*— O.GMPa 
*-0.8MPa 
■*— 1 .OMPa 

*—1.2MPa

fa 4.2.4-10 h ( CASE 2 USKS* 1,651 Nm.3/h )
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Ei
i=

]X
h¥

/N
m

3*
«6

lg
S 

^ 
Sl

ii=
lX

h¥
/N

m
3i

fit
Sg

S

—0.2MPa 
—■— 0.4MPa 

| —A— O.GMPa 
—0.8MPa 
j-*- 1-OMPa 
| —jL2MPa j j

^14.2.4-1 ( CASK 3 3,303 Nm3/h )

30 

28 i 

26 

24 

22 

20 

18

16 i

14

12

10
500 1,000 2,000 2,500 3,000 3,500

I^S§*iSmNm3/h

96Vol.% 
*- 85Vol.% 
-A- 70Vol.% 
*- 50Vol% i

M4.2.4-12^##^3Xh ( 0.6 MPa )
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(7)

a)

*K©SS7Dtx (E#S«k mm&7f—Vn'3i>*J>W)
frh&b!&t)ti&t)K 'f/i '}'.••'•• i-!.'C.

Siiinx h©#¥«*/»s'h£i'1i>-i, ®*'t®-eco>fijMiii. &*
<, esf.{6*$fS3x \-i>kz<mttz 90%&t$

n\-t%<M)K xx h yr7>cW¥t'5C0Tli%V'A>i:@tin5c

b) S-fb*S©)TiBflMico>i)j$

scwsmtttx h t«i$
rB]^©ig$6sTfck,Efitin5/)\ 95 &b 90%©|itg©iBMS'fxntfx 

SS©nR#9«Ke©3X hAsS«tld:. SutlCiSfen^, ffiU «© 

A#$JMi©E##M©#%©-Cx #*©#©##©±#x
Xx 4-H© -> x x a© @5 »»> <5 x x x A tEx ©#E ### 

^l,T-t)'b£V73 (iSBWffl) k,@t)n^o

c) 4>#©#@
4-@©X Xf ^ t fE©/; A#gA^x >7ET& 0 $M@#-Cx 

©EettAs65k,lg.bn^ti\ «»£gSg*S2;ig©t§fi\ fSS»SilB/b>6

©Mfflsaceif^T.* %#) *s*s
set $ fcSStSEtilcEffl U fcfiSff $8#$fflx6*T 7 X (S£x

I \tztoffSEeiSt:tt^gitoS/Vffii \) t@fc>ft-5„
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4.3 s-fbss. mvmm) ®wa#*#iaa®#m

4.3.1
(1) «s
«ti*S®l£Mffl k Ut. $3t»> b (DMMftmftftm-Z&Z «*7k*$g@T:tt$

WIBttA8* b > 7’D-kX±j3«ktF»3i3ft^XTA±A>€>tiBMbSSWIMsS 
4 "'-9® fflfi As*g7:$>3o

B-fbiSflilieASSkBffSSSm/KMrCfcStK K#a-*T7k#M)#&»imf67n 
-bXTIi. BkAktoaXCSiVcto. S6aXB<*®SfiS*®#J:Strk5kt:'$> 3o 
7kS7as6^a*@ib@s$-c®#*ES*7iss*$n^o

?61fckSS@ 20 K *> 5> aa*01bSS 63K$T
(4) m&ttti 

V<Vt:

4.3.2

B#a*®Etis*-iiS77$®ajR®fcto. 0#®#E#*K*&ga%L6. *t.
«*®SES*z6i|$tilcHLT6|B)Bet:l@*bfco 314.3.2-1 C«t 

EJ94<iffl7b/)E®7HS*y|i4o

4.3.3

si$w@. warn sijsh#®*. vu.. <ssitgk©*£tt, skm«
u^k6#Sbr. @(*45j7W$*®ttti«*aii$77S=t b TiBaijze*ffi®<s#$6M* 

bt, Ztl?tlt;-3l/\'tffliiFffi&^4.3.3-l C#MbX:o 

@6®,^ 6 (i$SI<t«ffi®iE7rfSHfSS^nr ® 3 A5. g+#IRim. KfifflM. m 
fggism^tt. mb#icbv'.. $&. $m»s8«*» 
fjtc liSr b! #&#*#]&& kbT®56Wlb-'J -gtaStofflffl $> BJ *gtt ^«
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4.3.2-1
ttSliS/SSflSt S6*m VE0M&

Jt#m
Em*f$$

W5\^^mk mm Ri'L'n#*
isi/C'«a

Jtttfc PtoRftiS
IKfa/SSIMt

^f'>7Uiii
mtoia&S
ffiStimito (¥ffi)

E^Inl/tSSS sassffi
##& 2
ESiDlto (RfS)

m&Mm

,
SSii ¥ff¥Ki£

E^f%##Wt |iH-i>mi£
E£l»WN/£SM mmm@

mv-v-bsls

4.3.3-1
#s vm tmm mwme EW'
© A A A A A

(msmso © A A A O A
$6^fp]#^SM (wm) o © o A A O
ETWteSSdrE o © © O O O
mv-v-ksis (mem#) o © © o o A
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4.3.4 S)^C(et#fiW3j;rJ9SW*a®tS@f
Btt$S©SJ£6m©fM£ £mW£gfi^ffl*Jg*i£ t vm. @ti$©SI68B©flffl. 

Sf®SfflSB©*Jffl» k'ic <t t)TIBOSS^x 5. n%,

^!$SBT-«#S*6E@VT«tf59*SI68Bic3S* (HISSBfJffl)
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Ideal temperature decay.
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150 200 250 300 350
Temperature,K

Sectional diagram of the 
hot-wire cell with the 
pressure vessel:
(1) pressure vessel
(2) pressure vessel cap
(3) platinum wire
(4) platinum hook
(5) cell frame
(6) Pt-Co resistance 
(Y)sealing unit
(8) metal O-ring

Sectional diagram of the 
experimental apparatus:
(1) pressure vessel
(2) digital voltmeter
(3) liquid N2
(4) heater
(5) vacuum pump
(6) pressure gauge
(7) sample bomb
(8) cryostat
(9) vacuum gauge
(10) thermocouple
(11) Pt-Co resistance 

thermometer

Thermal conductivity of 
HFC-134a in the solid and 

liquid phase as a function of 
temperature.
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@A:»hr x&Hr
©/ t a— ihi&fjr
©y &au*swr 
©iai*,s h> /-®wh<pem > *itw r

(pv) + i-mtih} f-',ii«H(PEM)*«wr
/MMixy-va urii. *w**m • mXi’P.z?—>a

**»)©«»«<t 0W'rxf-y a !:(«<?ntii^«A!^coi
* f8»Kll)*nTil£|(ffl«ti’«ffiM %&&. -A. -4->+hf Mf'Xf-ya >CKIbTH:,

i:: A % a i.' i± m-twm m 1

riitlsert h<aiE«xiB,<M6W4«l*0*fcA->X71z.fl)(k« - 2% h 111
to *5.2.2-2 G.&B&0>X1r—> 3 >»ll:i. M 5.2.2-4-2.2-10 Cy7fA7D-J 

/j;to
5.2.2-2 SSitmx^-yatmttS
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(mt Aim)

iAkk/k^k
•zk >44 >i«. NmVh 12,514

(27t/day)
6,257

(13.5t/day)
—

Ja" % 90 90 —
PiT 40 20 —

/kS 11/“7- —
#
m NmVti 25,747' 2,800 —

f&mmm km 200 100 —

X
Nm3/h — — 300

% — — 90.4
l

>
?k,4iirms* Nm 25,747

1 %
8,400

H/-7-3 #
3,600

Nm /[ j 7,200
400 fl x 18Nm

7,200
400 fl x 18Nn7

7,200
400 f4 x 18Nm3

3 >3 + 'S#(42.56kL)x (XUI€*W«/-&1i#lkmiK/)*#*) x90*x0.0708/0.0899
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l:,idroi****’WXT-y 3>cl«f mmi, &< $to6ftj:Mco -Bffik Lto. m
u 71 — ; > 7:: 1 o 7k#&KaL*!btoSto—7co^#&/f 

o -X,\ WE-NETto7'7 7 7 3 ds*5/Xr'A«l‘Ml8f) TtitaUtEJ: t>A 
®«&IBto. |(Hl"l#7 tototo-tokJII! Lto*7umici 0 *A^**6KSL, Cft

> %to Aco #,WAft, ft ft to i \ to» &mu<r>m-l£ LtRnx hcoiML/bBtotoftton 
ZitK I.OOfflW Lfell+^ro»ft*l®3 7 Hi,

C I F to 27.9 H/Nm 2: SHi 5 ftto 1 > to „
$£, • MV*!i:Shr SAWnJBfr*.Mmo> 1 -?> lto,Will .*£/>» too W1

'HkSli, Hc$m, 7iilllWSft .xto V >S£. £tti',ttW<7)to n -b 7 A> ftWIWJic'M 

*S<MWXU*>**5. Stoic(4, 3 -- 7 7:b 'tof 7 ( C 0 G Itoft 44 f,8 Nm\ fjilMKto 
25 fS; Nm1. x*-|/ >mB#«tU=fttt!6#T*n*h*l lONuv, toco#tolftftft,fttoli

moNr w 170*#^'!=
#i-tvs-;.cne. <7>«ri; <mh*irm & s i tit wabwin

tilft SI4ESi: L T I'l%ii‘1 ff 5ftto l > to o i,rivM<0 3 7 Hi, ZMt 
kM<nm$i% V.\}»1 tT 6 t>tnr-ti <, W#»mS3 x Ki»eWllldnsku->J:bl4 

to L to«a r, t WW #> co * Stf? co 7 n ft > 7 ft ft itoitoSiiSfWxfeco-efcSfe#). -> 
M <o tSitW to co H u- v -x a to ro it 14 i I! B ft: i, ft, f Hi
20 I'J/Nm to* 1C 7k to to 1,^ to too ttSiciti totoii, cfti 0 /n/Wc kT-toStottift-fc 
AO ft to Aft AW. m ’ 1: 7k M co tii III ic ii 716 ifii to CO $1 *j * <f. to to to !c ft: to»

b. to toft ft H?-J7to-7a HCtolf to7M#t$fi3 7 h
totototo Mifttoto-v 3 >lCtol4S7kjf=t|t$ft3 7 h to-dti 5.2.3-2 C,to<to» CftliijrftS
co^.wfeVfiicWLT, maxamt /»/- 
L&'4rito<focotototo>o
ft to to <o ?k SKS ic to> x to to to -xfj tolcRl Lto 14 ittoi lc#*»too
$ to, to ft to' ft CO K! #to(i!li fft 14 ti KcOftftO ic Lto.

®to«to7/@rfito7fil6<ft
• *»»!»• MVB : kl Lto 24 I'J/Nm (=2.53 I'l/Mcal )£,*£:£„ 1997

ftfS LNG CO GIF ffitf, 1.81 I'J/Mcal CO 1.4 ffrlcftl ft„ 
•toft-toft Hf! ilKwftxrftainlltltiSktoitoXfflBMftjicJAHto 300Nm/hr 

(■lilP-gcoMtoMifeS to kjns.ffljc Lto 39.3 l'1/Nm1 6#ML
© / 7 /-tofiJ#

• #i£[r',]lt □- U --(MhfiMHft 40-45 I'J/kg (O KttSkgJHo 
©ittfttttiti

• * h mj i: h b zm.u
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mf&(7)=]:% hC7"l/-/7yC7> UX:(7)^\ S.2.3-3 ^ZThWI 5.2.3-1 T&6c

s.2.3-3
M-@SS -

«f*7kS i«5D:/k# ABir'X&lt 70V;j(#M PEHtK*»
45.7 22.9 24.4 37.3 58.9 53.1

tas# 20.3 9.6 8.4 8.4 7.3 7.3
25.4 13.3 16.0 28.9 51.6 45.8
9.7 17.3 0 0 0 0

7k*lfS 0 0 6.8 6.8 6.8 6.8
9.4 9.1 8.7 8.7 9.1 8.0

hat 64.8 49.3 39.9 52.8 74.8 67.9

;&&7kS BEtKS 35 sm
mn±m %m

W-H T)IM PEM
%# tKIS tKES

■ ftS-emtt 
o*#em 
o*#*m
■ ss-site
BMit-ffl$S

5.2.3-1 SI*iM3Xh©^l/-i’y'»

{. cassia • {tt*aSi:*>-9-i'
*>»-f ht-©x«*"x,&Hcit^. «.a«ia • mmgmi'?%**#&##©* 

s$c*fije.-rflt|63x h t LrA<*6k©ssik»oT©5o itgwcwtt-e# 
•5Mr£**,S,Ji:©ttgtt3*n'Ttt. Nbx^-AV 771--7 >7'(:#&#<$7J7©afc 

Hr-afcf)*A!e, 7k*ro®£3 7 h hT©SiaJ: D$i'6©©*Dlg
^&kT©»©. cnii, Kff7k*$-C©*S$i6AsS«ttE (&*Sjj*58%. 38H
* 356 i'i7iFl/1000Nm!/h) S^-XtbT1'3 © fc kf L 7k ;t klM £
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MeiftciSK®*
tr*>5,©smiles vsgflbstckaggflSgfflffiMk u ofcftffi, 
E%#®A± (8z*xb* 7656, §Sfi» 360 S5R/1000Nm7h) 6=05>ftTV> < k®H, 
jeU&SAv5t)®T*$>S;ikCkS= Bt, ^SSyST-liltifi L£:2kS&=E-ft=en®
x^-y3>i:#mf sckc^s#, -en
6=#m3xhkUT#@TSCkl:^:So

x L±IJ-6$S*k»-3TV'^,„ IC, KETkIltfflSkT-tt&i'Ak
#«&3X htA*%5#^3X b SrJtiOS'ti'S-Bk'fc&oTlN.So

• tt&skXEtfxastiiC'ftSsns*>tH bstomsa^nttziM 
©SgStt, TkSto&xir-y 3y(Di.o&#Egti*Mtc*-vxTtiu e@m#®**® 

$tiS£ 1 'rmzmmLXX'r-Jl* <) s' b^jMSMTSIlLtl::, A##A6##$kiS
b-fbiSftifelSSCSv

t, «e$b*KJ;^E«3x h®e«ktiriSg%cj;^xb*®iig±S0^rff <56= 
EiitotCBtoUS<x #B®KX&@mf S#%55*)c»b?Sk®amtt&»i@

c®ckazk##^XT—y3>6=@®Rc#%u-cfT<a 
**gifffl@S!:*«XT-^H>fflg»8C riatSNj 

®yy >7®M#c* b, #csx$)Wit:jb‘it^'j>a6>ofl-Eto»ssc*f utwm 

ic##%cm&u#-5i' >75y%f A6=*#$fi6<p6=-e®#®$#mm&56 

TS@k%SCk6^tm@?&So

D. iia^f-'>a>0ffigWlt
-5, SiSXf-i/3>tll 90%&@%smw^$lb4=-$%%*6##7@

&®t=@f &#5m$mt3.92kWh 
T-tob, 7k*MB(c5't^S**6=ttite3X b®**S£to, *SSBlc«^>-$lbS 
®36==6®$$6t*S!X'r-'>3>ffltt$63X b taltSoTUS,

IISSX?—>3 ytc*5(4-^**EB3X b6ffi»$t"S58;k UT,B5ttfe®£
Lr**toc**6KBi-5ck*=-jBtoK#x.£>ns„ u*>u

IS 5.2.3-4 ®t: k D TkJlltiB 3 x b (: fi to S
@TfS6k me#lg0*^X:Z^Ta@«m#6=Xg<56ar6&#5V\Ck^6, 
B&#AkZb#M**#A6=l#AnU, iB$k LT*SlltiB3X b6=±#f SCkl:5 
•So i>-oiii>cnttSttHRT--figetj$nrvss**^ 
gij*5 B) &^.-XkU5t)®T-toti, fiC#*»£A=Sfr© 1,600 R/kWCftUT 
1,300 n/ktm~F,$L < l*$^**a#&»=SfT® 6.15 H/kWh l:#UT 5.18 RAWh 
MTtcES£ to s#-n-tt$®ais®5»=7k*Kiifi3 x b 6=S < & S« 8
isxf->3>®iisc#it, «*S5»^<kis®*M*=fTt)ns®-eton«,
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*##©A#?#lbK%*#7B kudffi*®HI6Xro£ftB cklc&B,,

S 5.2.3-4 PBM*«BSXt-->3 >C*tt*iRB*6i:$IHai6®jtto

**Bae mSBG « #
»*«* Nm3/h 300 563

mb/* 7,920 4,224
SfUl #m/# 4,620 924 *B#©&m#aam
$m *m/$ 3,300 3,300

%###+ 575R 202 293
STdR 94 163 Xt"—7U%77<7f—0.87
S75R 43 66 Xtr—71/37^^-0.67

-E®to S3R 65 65
@$ss R/Nm3 15.7 22.8 #8»E18.5X
AfrS R/Nm3 2.9 2.9

R/Nm3 48.8 45.8
**#& R/Nm3 10.6 19.8 1650R/kW

R/Nm3 38.2 26.0 sr=wi9ii.i4n1 EH6.15R
*## R/Nm3 0.5 0.5
7kSSt&=3Xh R/Nm3 67.9 72.0

$fc. emslA^-i/ayti:, £3 > kottittcjoU-mT© =k
bx 3X htoteSHtiltt^c<1 V "J h6SA11"j:o

M7t-©BiEto&E%S%^©ri*As-.6:.@T*$>B,,
• 'J'SK»BS«C*5VT *iWvx6 W*#e$^ SA#©E$Snfc«Sl:*M6 

LSV'o
• ete^±tttc«n. HsfflgftStfai'.
• Srp^AEeSffl*Elc&6$nf^ k'c-t-6E*As=IE-t?$.b1 ##@##1= 
ULTUB,,

• M81to©tifflicJ:bx **Ai@¥iFibCW-¥T-$Bo

• aEtoicttH^BjE^^A^-tPv *m#)©%mi:j:b, m###@M©m^ 

ASiWIW

d. TV V Atc*5itBm<M5ffS$-C®toidiB$
gibSfflEtik >7 7Ssiciet6Em 7^ u*-e

1 1990 ct b x*;i'*-*(D0E)£tR>j; L%&$ < ftli^ftT^B [111o c zs
tt, *®®e$nfeScKffl1>frfe WE-NET -evffinmm. n<cA^©**#^^7^3
>tcMLtttg&fttu;fc3x 2mm-Ktz>o cne.ktu-rnt)doe©$rcj;
b Fordtftf’Oi:# bfTt>nfctt***W«?te@tt#»A©fe46©W55©-aiT'feB*s. 
*rt,4S*a;k^">-b"'i' F AAmv-ifft,-c*##$o3A h#* b $tik&B»‘Xr$T
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i. Air Products and Chemicals #(APCI)©t&f'tife!iS[l!l
85.2.3-5 tntSn-S 6o0i/d-'J^CMb, ?©ISlI»t,fcl7*5i?ffi*S3X h& 

U*LTt'So Xx—>a > 1 ©**«*&«« 500 <?©§»* ICttLT,
2.It/0m 30,OOONm1/0) a WE-NET S©1$W©& 4 fg©H1g t&oTV'■?>„

('>i- 'J R"C0 Xli, U— CJ;-5¥
QttlS8g»ld: 800kmT-. 27t/B©X5> hr-10 yRr, 270t/B©7?> h? 100 yRr

^fx**©**4SS3$; (->i-VR-<D) T-tt, 
>£ J; D to&Sft, 27t/B©X7> hT-tt5km «tcE 

B$nfcX?-->3> 10 lrRrl:#*of % 50km ©*#%©/W 270t/B
©77 > hTld:C© 50km©###/W X5T lO/kKSTSAStfffl/S
$tVtV'£o

e»©'>7-')R-icM-rs^Efiswa5.2.3-5 ©at o-t-$>-£#, zz-c&mt u
t*s»e. nr t > 3 a a s#1 ¥t % a a.r0 a & b a * 3 „
®7k*g®#©«x®»ics$t'-cii, 'jvmi;#E$nfcss-t-ifc5£to1 ast 

-5 a#©**n:@* ?, #1& a##*#AW*o$ h5o
@cne>©**XS6^6Eh,7c@RrT©SStti LTIi. d'##%R->ttT hT-©& 

e^««ise*siSfflsn-E,o

**»56DetStt$2.30-3.30/kg (23.8-34.1 Fl/Nm1, 1US$=115 PlftS) 6SIC
27t/BX7>m 25,000

a, 270t/B X5 > h T-fct 250,000 &® B IWittoS a & -E, „
®mM#©@PA-#tb, k X v-ih&e, 7k*«ii,

H16"C©SB6S/tt"aac*-5o

*5.2.3-5 APCI ttt?©u»*g*

v -r *j * * $a&3H$ Ream
(t/B ) (Nm3/B*) ($1 000) (S5M) ($/kg) (A /N m3)

27 1 2,5 1 4 63,000 7,245 3.3 5 34.6..................
+ o — V — # $8 270 1 25.1 39 259,000 29.785 2.3 5 24.3

(g)jjx*mn& 27 1 2,5 1 4 82,000 9,430 2.91 30.1
270 1 2 5.1 3 9 667,000 76.705 2.4 7 25.5

X 3fe K 2.7 1 .25 1 9,6 0 0 1 .1 04 3.5 7 36.9
2.7 1 .251 1 2,500 1 .438 3.96 40.9
2.7 1 .25 1 6.8 0 0 782 3.7 6 38.9

© <|v — A ij U—v f (D l fi 0.0 0 3 1 .3 9 1 3.5-23.1 1 .55-2.66 6.9 7 72.1
(a)«ffli^jh^-3Xh(us$=i 15m* it) 

35 # X : /]'&#*> It-f h $ Rffl

................. ................................
* >1t <K S * SS«ffl

........ ................................
> 9"/ - ^ ^ < h % a m

....Hi... :.............................

*..3..7.?./.t?.t!.(.?.9.;.,..R|./.Nm.3, .WE-NET :3 9.3 fl./Nm .3.)... 
$ 2.8 5 / G J (1 3 . OR / N m 3 , WE-NET 24 OR /Nm 3 )
$ 1 9 O/G J( 8,70 R /N m 3 , W E-NET:24 0 R /Nm3 )
$ 0; 0 7 f kW h (8 1 5 R../ kW h j !

$0 05 / kW h (5.7 5 R / k W h, W E - NET: 1 1 4 R / kWh) 
$.0.0 3 / k W h (.3, 4 5 R / k W h > W E - N E T: 6.1 5 R / k W h)
$0.18/L(2 6.1 R /kg* WE-NET 40 OR / kg:
$0,09 / L( 1 0,4 R/L)...........................j.........................
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D. Directed Technologies a(DTl )©##&§$""

dti T.f—t'B >-c©*^mas(
H$>-5vtt*«8Ic <k 3®a x;/ a > c J; 5 x hmEtit&ff

oTV'-Stf, *SESSt6SUS® agASHHCfi6> T C, #t^-f >7 7®StS%SH 
tociitoTff xar-®aMbt.ti)3^ hX'>>asH?>ft£:A*$tfx

8t*$* J;tr**1SiSii7bsWx!iT-&%t ISilttbm >5tc5 6 „
0 5.2.3-2 tiui.x h &«#>&i>fflT-fe&AC 

Ha®8M«SS&SiKrr-5kJiTFffl k & 0 T-fe £ o
®*S«&«**S$iS®a-X-t-tiU **»3X Hi$3/kg (31 FB/Nm1) ## 

k&-5Ak 3X h®a*l±#ibk#m:#&m#-e&&<,
M!isesn^x^59xait*cj;2.*s®ifi®a-x-t-tt,±BB>$tbkii 

• 2.7t/a 5,400e, 1 b ©%#&§&575
S) S#®X7>Hfttet,$«»a-X-C*S#ti^3X Hi$2.27/kg(23.5 R 
/Nm’JktfV V >eP56«te($0.80/r07) Sfl® $2.14/kg(22.1 R/Nm’lCffid < „ L 
*>U (0.18t/B, *;\'-*#E360£s IB®
%i#6E45&) ©a-X-ett. *m#*&3X H±$ll/kg(113.7R/Nm')k»'5. 

©axa-f MascafeK^tftti o^xwffl'j'M^nat-aiSbo-saKKi: ur, 
x»4.S(;i-sx.i-y Hbsnfc/jxSXE^x8tH^*;j;a**iSi§iiB*s#a»E

tssts$(o.ist/B )-t-®*s«&:4x h 
a^xa-c h@©^4a-©i-e&b,#*tbcj;bMC3x h®@*^qimk%%o 

®**isis«attttsto'j'$® ®st- * mm<ssm-c$> d , 10,000 iBesnsT-tt*/-; 
-¥#E lo^##-ct^x;u >WE«§<kb$«k&£,,

On Site 
SMRs

Trucked-ln LH2

VREM

LH2 = Liquid Hydrogen
BOC = BOC Cases
DTI = Directed Technologies, Inc.
IFC = International Fuel Cells
SMR = Steam Methane Reformer

10 100 1.000 10,000
Number of Fuel Cell Vehicles Supported

100,000 1,000,000

On Site 
Electrolyzers 

(3 centsAWh)

-* — Elccvolyzcr (lOOqty)
"■ — Elcaroly ter (1,000 qiy)

“A — Electrolyzer (lO.OOOqty)
—■— Electrolyzer (100.000 qiy)
“♦ — Electrolyzer (1 Million qty)
-X------BOC UI2
-X------ Praxair U12
-#-------DTI/IFC SMR (1 qty)
—I--------DTI/IFC SMR (100qiy)
---- -------DTI/IFC SMR (I.OOOqty)
------------DTI/IFC SMR (10.000 qty)

"™ Gasoline ($3.86/gal • DM 1 84/liter)

------------Gzsolinc (J1.2(Vgal - DM 0.58/liicr)
*"*■“* Guo line (JO.«Vgal - DM 0.38/Uter)

A Air Products On-Site SMR 
g| Air Products LH2 Plant 

X BOC Oil-Site SMR 

O BOC LH2 Plant 
B9 Praxair On-Site SMR 
A Praxair UI2 Plant

0 5.2.3-2 DTI aC<fc*CX***#&=>X hSESfS*
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(2)

tm. 5.2.3-6 ©t* *?
ttiZo

5.2.3-6

rtfiMt-<KS8§y 7h>tM>3y

a**m SE*S &s
W-ll
8tK

7IWI
*E«

PEM
*e«

Nm3/h 12.514 6.257 300 300 300 300
kcal/Nm3 3,050 3,050 3,050 3,050 3,050 3,050

JHIfyHflti Nm3/Nm3 6,908 3,454 107 207(kg)
#K###E(HHV) kcal/Nm3 9,490 9,490 11,000 5,420(kg)

kWh 13,390 63 36 24 1,323 1,176
SEES............ kcal/kWh 860 860 860 860 860 860
I*U"-SbS(HHV) % 49.5 58.1 75.7 80.1 80.4 90.5

(E)±IBIi*>th'f hT® r» fffffi S H * fc & ffl T' * 5. S*iiS®S»8iet± 860kcal/kWh t Lfc.

6lbST-©*JfflCS^>^*;i/jr—7D—l/T©®^*sffi#©i>XxA(C^fb

%#e#&Rcic k#m#k&-So -Mk LT, *>-9"^ h-C©8tKt:J;5**fti^^^ 
rkt-Hv v yc^ssn^as^x^AmtittSrEi 5.2.3-3 c^-r„
---,

99 99 94 95 (XT-
$JS II Ci! ■ mm In >6

._3

88 99 99

tixlb- #m

%
£
x

T EftS

70 99

ll*l)

95

mm

98

76 89
' %* 1 - EftS -

(73)
LMH Bfjft -

la/tti

80 89

■ Bits nr EftS -

J731

(73) (73)

LMH,lrS- 35 i*

14 me%*
# V V >$m^| 12 I
rvU>HB»^ft| 16 )

^m^xm^nl 12 |
30

CH-FCEV$iE?f | 18 |
30

HH-FCEV»^ff| 10-20 |

14
MJ-kmfe'n ( 9 1

30
CH-FCEVm^^l 14 )

30 

MH FCEV$mfT| 8-16 ]

0 5.2.3-3 — (tMl$:^-^^ijpx)

88% ^ mi ^ >
14%T$)^yc<^, 12%C±^6o lf;s /W7V

y M(j:@$ ft ^ c a ^ 6, 16%^am^6o
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tfXkUTflfStoaSil-Btr-XT-ti:, ffiBitfjk UT O.HTkWh/Nm’iBST-S.^fcto1", 
E*i:$558!*ti: 89%ktcDs cfttcfcfokSEiMia 6 ##©$)* 30%&Wf-61, *g 
ira«± i8%k&3„ i:mmu, **#m^

* >X £&*« Life ?>ft-3 BJSgttiVfe-S
^*S0®®fifcttim:o.37kWhT„©f&a£IE£&3vti«ij£f 
cn&«nxB^7-^fffe*x^;u^-§i£'.gj;'r-i.*a-ej!aat-sJa^ttt, mA#* 
A^#L<@T*3ck(:%3. zotctbs *###&A&W'&^Xf 6-eB,

< *#* ^±-cms
% if Si k v ^ x. ^ o

ElBxifjl'Jf—yu—r*©ffflSTii, @4'©Sy%^A©##&^9M^A'TlB#*^# 
zt)#m©a^a'#©&©i:km^#&Mm&6©#M#(&a-ei&'So c 

JlCM LTB%#mWGCE: C 5?^ 0, *ife, SfSIIWIlC 
K-urg»*i;^tofeffF«AS|lite$n^EST*S>-?.o Sot, 
cihto, S*toff«iSSII*)©fi£$4Eeoc k k Ufevv

(3) **#%Xx-ii/ a >©mmi:Mf 6#M 
**«&X;r-'> a >©ISacH-r^SSSJCM LTB, flWJSm+EXj'X;? 7fi$s$ 

©•©^T-pxESnTV^K cc-etiu *$ft^X7L-iya>6ie^BEeVJ;okt-

a. Bf@t •
**43j;y'^©flfe©gi!;*ffl«»©sfjatcHftB, *#%#&me^mii6 A (6 

!%#©»#) S.ttm 130 £© 9 (A^#©*mxBmat:#T6###) Cixrf
-e©seiia

5.2.3-7C^1-J:i3bT*fe-2>o

* s.2.3-7 j:33k#js ztye###©ma • »»©««)«*
iSSgaii, *pxsiftra xHiM

EE***
(BJEttvtfX)

35 Nm1 
(0.4 GJ)

70 Nm1 
(0.9 GJ)

350 Nm1 
(4.5 GJ)

Esi®
$<**S
Wfttfx)

3.5 t 
(496 GJ)

7 t
(993 GJ)

35 t
(4,965 GJ)

ESI®

CNG
(E*»X)

350 Nm1 
(16 GJ)

700 Nm!
(32 GJ)

3,500 Nm’
(161 GJ)

ESI®

LPG
(tSEbitfX)

3.5 t 
(176 GJ)

7 t
(351 GJ)

35 t
(1,757 GJ)

ESI®

i3'J V > 
(5E6S)

500 L 
[50,000 L] 
(1,757 GJ)

1,000 L 
[50,000 L] 
(1,757 GJ)

5,000 L 
[50,000 L] 
(1,757 GJ)

ESI®

S : #VV >ffl [ ] liSTBfjgMC o I, \ T ® #01
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EB-kSliWEtiA X t 35Nm\
13soNm' cng©s-bn

EttAX t LT®S©J&§ltTUfe^ ¥fi£5ig4fltc CNG cDftrffiM®mSMm: <fc 3 
A$0fen. ff®AX k VT®M:l'C J: t)IrjSStfi# 10(gk&oTV3o 

-Ax ?t*7ksis lnGx lpg nmmtjix t sm ^®»aitmms&isb
fen-O'&o cofctox sifefco©x^j^-gaciuicicift, #©E#&±
lll^gPj@»sBJIgT-$l^o

b. mK©m#KMf
it, *A«maa§m#fe#s#i$i:#f %gg

#©mew&0x E-ESB* $ a tc*te l a eg« 6 iwe-r m-s#* s o ^0
LA 3,6ooNm'©#mm@©@Ax ##x ^gamgg

»« 16.97mTS) Dx ^®ttttgSffl$-««StlttC*ft-^l9«B6®Ett 11.31m kA6. 
*fe, ^aSfiiS»PBgg»tt8m tA-So

cng ir-Dvrttx wmi±*#A0b##i&sitTV'A#x ®«i!fnAn^Esa©ia 
«gg«tAo-CV'-5o ##k LX (I) h'©eipj
-Xx (id aff®«EAx«ssiij6afflLAA-xnj:ut (in) mm#©A-x
tffl*M7f->3>0ii«i|40 5.2.3-4 C^fo

i mnmmm <**) ..

2asseg«i (**)
&mmuAA-x

iiafffflSEAx«eMMij^is
muA-r-x

I @5^ x^xit—

0 s.2.3-4 L&*e©*m#*&x7"-i/a >®&mm
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ufc^-xT-tiu ±sa©<t -srz
», m 900m' (30X30m) UT, (9*69KS$iJ®E«1As0
fen rE8g%aS#XXf > (ISSBglE6m, *ms§»4m) k&o
fe«£tts 480m' (20x24m) mgfflgSBB*'??'tf£ (####C
2mtt±©to*SAs^S) „ *ipT-tt**2,500m2 (50x50m) fiS©SSEfi#A!^Sk6
O o

cnfe©s®Jii$> < $-et.-y-yE iMPa K±©E%*#tcM i/%mm$n^ t 

©-e* o iMpa&TB6En?am?*6
c©»ekL ±:a#9m:B#©#m#» < t&micj'$»B

& A##*©

"5 o

(4) &Zr-'>a>i'Z.7LA0ft&
4>EI©1*l4©$ktoi: VT^ g3f-^3>'>3fA©#S, 5.2.3-8 C«

tofco
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29 3

5.2.3-8 &X-T-V3 - ##(1)

i6*/k£fff«$’?l rSIk'M"?' kfWXt&R'fJ x 9 / —
■>7fA« 6fTOHbS8l/B : 12,514Nm /h 

('%* : 49.5%[HHV])
40 %7-y3yl:(#^
#m'A% : 1S040 3>r+-

(25,747Nm )
xm&m: rm- i*sii

t&RiiSfbSliiS : 6,267Nm /h
(#$ : 58.1%[HHV])

20 lT-y3>iIft» 
warns*; n*u:rm-7-

(2,800Nm;, 20MPa) 
IfilEIi : H-y-3 *««§

&H®d : 300Nm7h
(m< : 75.7%[HHV]) 

(TjTW- : l->25MPa)
t?« : m.Maz*-v h

25MPa. 3,600Nm 
t L < is m iff a

fmxm : 300Nm /h
($W : 80.1 % [HHV]) 

(]y)°l,X : l->25MPa)
Ufa : .y h

25MPa, 3,600Nm
Yi L < 13 MH 9m

])ft- : 12.19mx2.44m/% H/-7- : 9.14mx 2.49m/% ^##§4:#:: 7mx5m
: ^J4mx2.5m 
: 7.2mx 4.8m

6mx6m 
: $t)4mx2.5m 
: 7.2mx 4.8m

• LH/MH/GH-x0#±|&^nJtg 
' 13 yf to i: ti fl t »J |g 31 3. 11 
¥-lZ A

■ tu'tii < ^

• UJi'ftSft-tcoknbAo.lfib
• liimwa.iSffiWf® ■ kEri&Hirlb7<iltefMiS

M'rmh-tfrV 
t>m

5g m :3
r -

- (3%/U)
■ iitesiSA^si'fe©. ywiff 

Hi • fS'<f lisSffi
• #'t*2d(9ll#©0 7)7,7°

■
• %'h,i2(i<?ll:lRf©if7)777°

64.8 n/Nm* ( )mm) 49.3 13/Nb1 ( -SiUt*) 39.9 n/Nm' ( -AM.W) 52.8 n/Nm’ ( -imm
mummm • SWB tli 3,0001

I2EU #*@m#-^co#% 
znMc

■ y*3'Tll 34m! © 5” > 7 6 
12* U «l4*®7t7.-N(Oft 
^SUSfio

■ 1998 $ 3 H
<t D SSSiSStt*5 2400 6 
coA>coto 6 a&;k#]:> 
v>t:&SLTE19o DOW© 
@1 * ;k # & % m . 13*13. 
Iceland A%(E#7k#&#A

■ doe -t-ti. x m x zesiw 
50kWPEME*I*?6©B$tHiSS 
*&*#< U »«7kS*n
IS$tC#t|p f 2> rf7 -y 'y
16 2000 s-emsft©^
So
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5.2.3-8 ^f-J/3>yXTAS0»S ■ Hfi(2)
y;i/* v 4c##; ^ w*#® {■■smnk&ww

’?J® (1tM6 PVt-TOB)
pv-ywti# 'jc.i.:%i
>V.® (PV fijlf]$ 12%TS@)

',mm : 300Nm'7h
(#$ : 80.4%[HHV]) 

If# : MH mw#
<IMPa. 3,600NnC

SWivSOtlft :

'imm : 300Nm /h
(#$ : 90.5%[HHV])

»;-■*$ :mh to hiita
<IMPa, 3,600Nr
r, i <(4i<aii:#r%3-7!-

\b\miYvmm

PV ®5> : 8,860kW 
lOTffl : 2,260Nm 
ttrS : 18,080Nm 

: |,i]A'

PV 'ft 1,1 : l,176kW
mmm ■. soosm
K& : 3,600Nm
X Ciflp : |li]

4.3m x 7.5m 
: &'j2mx2m

(fY#m^21.6t-1.5wt%)

MMXMim : ft 4.3mx7.5m 
MHIS : ft 2m x 2m

PV : ft 300m x 300m 
*»« :
MH M :

PV : |<j lOOfflX 120m
: $'j4.3mx7.5m 

: ^J2mx2m
• ft

(lOkg/cm) ©yXiAWtoktc

• avr¥-e,m
v;‘-vn. ft ft

■ utii >ft/. coositt^aiiitf' 
ftvft

- n 7'!

- 4' : |uj A:
- : luj A

• PvroasxH'JfflirJ: Oft-Xty
IfLktti, (WH1$12%) o

■ #$ : liij A:
■ am® SI : MA-:

dl&o 
- GH2

o
- GH2

• PV (ft&iffifimwi' k

• GH2 I'iii'ltfttttilhXctfijkti- 
-k'f»0

• PV

• GH2 
®@=

*#3^ h
74.8 fJ/Nm- ( iXtitB) 67.9 I'l/NnV ( -;fcii«l) 150.8 n/Nm- ( 75.0 Ift/Nnv (

MM ■ n* »-n'--can" ii-r intt'f

(SlNmVtv #$72%)
■ ItritoiSiEWS

• PEM*SfSW-y3yro%iilftl 
!i & l >

• can c pv-riwnt*ai:
PV ft ffl : 48kW
SfSftft : 10Nm /h
M'/MiftW : 400Nm\ 285bar



s.2.4 m ii mm%m% i: * if z
miw-cgmufc mmnzM-3g.

all,Wl# 6 f 1 9 ,11 rti t ts. O X l'6 o

a >1*. >-^«X*<tU=X » V *3 *$S
Kaf%#*wkR'Ra*7k-f%/;&ww L fzk'mtmzx oykMzm&t&mMvm 

2^1), niumte aooNEVh ro io *><7) i ffjva/jjti; lti*
* ntl; lc«*n* jc*««ft»CJ:5'4riR& Iff) *U cnSS'/WJ'.^fAC 81 

Sit, n##M-cm*AK'aW&LTtt. #Rlf##%(:«#A6
o, chcwt6.aiiA«ttS6*>y.i-ac £i:%6.

-KSMiXT1—> 3 > StWEf 3 Effi-k^StotiS. If «««i&if<»#❖<»SiXtSEHt
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■V'r - > "!• 7 H -h U zkitw X T- ■> 3 > AMS 0 •«<Dn>nX MbAsWlffi£n6c LA> 

L. flitt WE-NET ria%'|i»)XX y XMlfeii 2,500cm x 5 t nr$> 0 . 7.7—> 3 >‘MM 

ill ciiEi] m',(i#iAj#l:kjLr 30 K >i ?{.&<» hWSLt &6 r fcA> <3. S D -JicnttifiBijjg

M(S*ia. Uir. xn-> a rrm-JcaiECXftr, tViiiXWlSafc, 6

AftiunmMtj&'iatteZo

■kMmmfrtnz * 6 BR(2)x*A. >xdd L

*^<7)«UI* 64)11 Cfl1--)mtnW.l^6i 'ktfl!;^ AgSlSS2: & 6 „ *A64H1R(D# 

ifitira. •//. *

! CD#atl.TcdMcolSJt Jii:00 t TIS. Ml: I'I ft =H111 X > X >x<d a jgict«&fr 9 PSi:li, n x 
-‘S'CS DiiiS'K*;"MiTIt6*S4,s-e.-t < %ffi> cn<9<Dx*AAF-SR#6#'l'C:f6fe 

tocDft-liicD®^ • 1)1]48^ X X r ntin46>1 ®&DltoaSl! i: * 6o 
*ilcD*tAt:|M > X i: 10 rT£fc8><Z>ai&fc
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* II HU (c * I '■x *i* X a- -> 3 > © [if] % * #ji t & I: £> £ o r © & Mlt
5 k £ 5.2.4-1
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