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{ SUMMARY )

Purpose &
Contents

First year, we carry out hydrogen network design for 50 thousands population to devide
by—-product hydrogen area and normal area after calculating annual energy consumption for
power. According to transport(pipeline/trailer) and transfer cycle, we calculate hydrogen
transported volume. And then, A tank capacity is calculated in hydrogen station. Also, A
final location of the hydrogen station is chosen through safety assessment by researchers.
Hydrogen supply model for power is carried out using process simulation. We will make
mathematics modeling for optimal design about hydrogen network. Finally, A profitability is
carried out calculating CAPEX and OPEX.

Second year, we calculate annual hydrogen energy consumption about 1 million population.
And then we should check to install the center hub hydrogen station for hydrogen providing
in the city. A transfer cycle is calculated following transport(pipeline/trailer) and hydrogen
transfer. Also, the tank capacity is considered by the hydrogen transfer. We can do risk
assessment for decision the location of center hub hydrogen station and sub hydrogen
station. The complex hydrogen network for car fuel and power is carried out using reduced
pressure and pressurization process modeling. We will make a optimal complex hydrogen
network for car fuel and power using the mathematic modeling. In addition, We carry out a
profitability from the network. Finally, We systematize the safety assessment and
management to the hydrogen network.

Results

1. The complex hydrogen network process model for 1 million population to consider risk
assessment.
2. The systematized safety assessment and management.

Expected
Contribution

The user can predict amount of hydrogen energy, necessary equipment and expenses to
making hydrogen network process design according to the population size. Also the user
can check risk assessment and management.

Keywords

Hydrogen network| Optimal design Profitability Safety Management
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1. Term
From 1993 to 2020 (28 years)

2. R & D method
The project divided into three phases
Phase I 1893 ~ 1898
Phasell 1888 ~ 2005
Phaselll 2006 ~ 2020

<% 29. WE-NET Project®] 7|24 %>

Item Target

1. Hydrogen production (PEM water electrolysis)  Electrode area: 2500 ¢cm?
Current density: | ~3Afcm?
Enerpy efficiency: ~90%

2. Liquefaction Conceptual design of 300 t/day plant

3. Storage Conceptual design of 50 000 m’ liquid
hydrogen storage

4, Transportation Congceptual design of 200000 m* liquid
hydrogen tanker

5. Hydrogen absorbing alloy 3% of weight (effective) at 100°C

6. Hydrogen utilization Turbine inlet temperature: 1700°C

-Hydrogen combustion turbine Energy efficiency: >60% (HHV)

<71¥ 2.10. Phase 1 ©-A¢] E3x 2>
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3 546,572 34,142 47.4 415
4 762,605 47,637 66.2 580
5 1,593,023 99,510 138.2 1,211
6 1,443,986 90,200 125.3 1,097
7 1,292,332 80,727 112.1 982
8 769,010 48,037 66.7 584
9 212,426 13,269 18.4 161
10 256,044 15,994 22.2 195
11 253,439 15,831 22.0 193
12 217,958 13,615 18.9 166
A 10,079,796 629,648 874.5 7,661
<# 32 EFAA GF5 9 AAHFU dEAEY TAE ARHA £ v AL
E=R= iy ot SEiacy < 2
Amws | A AEF | Fa 2G| Fa aEF | 52 s
(kWh) (kgHs) (kgHs/hr) (tonneHy/yr)
1 208,013 12,994 18.0 158.1
2 302,432 18,892 26.2 2299
3 136,790 8,545 11.9 104.0
4 327,770 20,475 28.4 249.1
5 190,389 11,893 16.5 1447
SHA 1,165,394 72,799 101.0 835.8
# 33 1kW + 4 dadA>
AAHPEMFC) BAHPEMEFC)
— o Specifications
g | 1 kW20 V, @A 60 Hz) (= ¢F 60 C) 1kW (220V @A 60Hz) (=< 2F 60T)
T4 ~ERE AN BE -
N = H2 H2
d=
0.695m3/kWh_H2 0.75m3/hr/kW_H2
NI
2 &
A7 2 & 48% A7 5 E 50%
(LHV)
S A2 As+A, Web7|9t &4 F3l5+F &4 s, Fak+A (50, 75, 100%)
=17) 400 x 600 x 1,000 mm &5 wep Aol
=3 60 dBo] 3} A AL-(45dB ©]3})
AL-&219 & 2 A2y -
<# 34 UY¥ Fa d5H1A>
CAHPAFC) DAHPAFC)
T Specifications
Ag H2 HAA7r2~
= AC 105kW / 113kW AC 480V , 3% 344
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AdsH

A7 LB FFA A4 (Nm®/hr)
(2014)
o] 4= 3,000
2} BP3} 8} Sk 2,500
g Sk 50,000
2 A 159,000
SPGA =] Z Skt RS | 2,000
e E R Al U B8 45,000
LG3tet A U 32 ERE 3 10,000
SPGA W Z M EY o 4k L e 3] -
2+ BP3} 8t At SEAS 3,000
o] %3} 8t =4k B -
a4 <4k L} 32 Ef 7 3 -
A2 A 60,000
Sl el 9 oolg A =1 o] 4= 15,000
ool g7 =2 o] 4= 38,000
2 A 53,000
LG3}3t A 9,000
) A4 NE 1,600
2 g 1,200
] ¥ 38 300
A A 12,100
o gk-7-3} =4k L S e 3] 5,000
SDG B 332k Sk U Z e} 3 3,000
24 =4k U2 B 3] 2,000
2 A 10,000
g Ak 7k IR RN g a5 o g8 2,000
43} 8) Z oA v Z LGSt A4k L 3BT 3] 3,200
Z A 299,300




=l
M

el

AH) £
R3] &

27)F A 8] 4%

Z 715282 10%

Z 7] F A &2 20%

Z71F AN 89 7%

Z27]F A E-9] 10%

2715 7] 8-2] 0%

7)) 89 3%

G571 271 FAH 89 129

$298/m* (2] ZFA4x 7R 79

L PN

.
=
o

A FA £ 1%

d7 3 FANEe 15%

AF & FAH E9] 1%

e H (71t )

BN 27| EA )89 1%
B4

(Carbon) 1&% $50

)
o2 PN
T2
ofo

r2
o
!

% 2] 8] 1%

A% F FAU G 15%

HHH(G&A) AzAn 2] 50%
e (571) AL AF7] 271FANE] 4%
e H (71 EbA1A) A ZTERAAE 271 F A 8] 1%
A (= A7 2 oY) g4 (Carbon) 3 $50




<E 37 Fi dFTAHY AAxd>
P 4=53A
A7t FANEE%) 90
1+ (bar) 30
et el () Wl o] & RrEdde g
70 250
ddE5 s 88% tE2= 283K
Cp/CvH] 1.41 71 A4 8.3144kJ/kmol-K
FEA A 1.03198 Fx EAE 0.50%
H]-&-F4k4 3} ujj o] & &
T o = A
Hd == 960tonneHy/d 150tonneHy/d 10tonneH>»/d
ST 2
=7 EF F 3 3 2
#4557 €9 EdH 2 2 1
Z A 49 44,943,229 14,605,178 2,899,338
dA gt F T2 &($/d) 12,678 4,120 818
dd =GH&($/d) 48,304 23,955 17,554
AAZA F HL($/d) 60,982 28,075 18,372
(Lev%iie_:?apgl _I'E(;oxs}t},ﬂg/é‘gHg) 0.015 0.031 0.091
(Levgi_?eczigr (%e%t%_g%itgigHz) 0.056 0.178 1.960
(Leveﬁi%‘;%al%éosg,f/kgHz) 0.071 0.209 2.052

el FE 4= AT=(HTR)

30bar . 70bar
Byproduct *| Compression >
Inlet Electric power
14,067 |kW Net power
7,033 |kW per Single train
97% | moter efficiency
7,283 |kW Moter rating power
8,011 |kW with 110% sizing factor
u] g3 7} FHEddes
TR oh < e
AY =% 960tonneHy/d 150tonneH»/d 10tonneH»/d
dET 3
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4=V EFS 3 3 2
457 +9 EFA F 2 2 1
F TR 89 95,951,651 31,346,010 6,180,085
dd A F FAH]E($/d) 27,067 8,342 1,743
A 2du] &($/d) 93,723 33278 18,761
AA A F H S ($/d) 120,790 42,121 20,504
(Levgiz??gpil i?s}t],jﬂlﬁ%gm) 0.031 0.066 0.195
(Levelzed Total Cost S gy 0.140 0314 2.290

FEEHLHE 4= AS=(HTE)

30bar . 250bar
Byproduct * Compression >
Inlet Electric power
36,721 |kW Net power
18,361 |kW per Single train
98% | moter efficiency
18,759 |kW Moter rating power
20,635 kW with 110% sizing factor
L o] EEA
<E 38 EE oHWAel FauERA HA 27 >
T A A gk
At/ x 250bar
FR/AA e 11
=1 /819 7o) 10.98m
T8 24,640m’
o|F & 614kgH,/t
A A /3 A gH Y 2A 71
B s 55km/hr
A ety 25km/hr
Bt 7he s 18hr/d
A Frbs s 15hr/d
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Q@ % (m’hr) D: w3 74 (mm) [

O 7tz=wia AXH & A7~ wide]l XA E 3] EA sk w44 (5, 10, 15,
20, 25, 50, 75, 100, 150cm)@} Zol¢l g4z yehd Zd¥9Ss ALgsl gl o (<E
39>), zt7z A, wig Q1dH], 7]g Foin]g % RAHE FEom o]Fojy]. F£i
i S A A7F2~ v B89 110% =, AxF Fx&8 v AXv]&9] 2%= 7

NI

3-12)
<3 39. 7bZz=w 3 v &F4k2 >
T H] 8322 (D=in, L=mile)
A 21)($) 1.1 63,027 X exp (0.0697 X D) X L
oy A 8]($) 1.1 (—51.393 X D?+ 43,523 x D+ 16,171) X L
71 EHH] £ ($) 1.1x(303.13 < D*+ 12,908 X D+123,245) X L
F-2] 8] 8-($) (—9x10 B x D*+4,417.1 X D+164,241) X L
A 7 1] (D<200mm,$) 1.1X63,027 X exp (0.0697 X D) X L
A 591 (D > 200mm,$) 1.1x31,513.5 X exp (0.0697 X D) X L
TaH 1 ANN(P) 1.1 X (=51.393 X D*+ 43,523 x D+ 16,171) X L+ 70,000 X L
7] EFH] 8-($) 1.1 < (303.13 X D*+ 12,908 X D+123,245) X L
F-2] 8] 8($) (—9x10" ¥ x D24+ 4,417.1 X D+164,241) X L
B Ay =
O =AU FH Egdye Hit olFAE ¢ Zixnjdyg AXdol= =A]e A7|9F
QA o #Ae FEE @ 5+ Y oy AL FeA7 BA Yo 7Y
SHAl Exstal =Ae] WA o] AYHS o] FErh= A o}°ﬂ EYddy ‘3% wlj #rfo] A x
= z}
L =

!

L = 2.43 x N0

pipeline

Ly & Eﬂ o Eﬂ c:} O] '/;0\‘7% FL] (km) Lpzpe]ine: HH a4 o] (km)
N T3¢ D: =A A7 (km)
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<¥ 310. BB Efdy olHugll >

T #

7] $23/hr
Al Anl(H] ) 2.55km/L
Al 1] (] &) 2.30km/L

A=A (HA) $1.16/L
g dukden g $8.22/day
g A e $0.097/km
3 744 $250,000
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Total Storage Cost. $1000

— 1.000 kg/day —10.000 kg/day — 325,000 kg/day 800.000 kg/day

$10.000.000

$1.000.000 A

$100,000

$10,000

$1,000 \

$100 : : : : : .
1,000 1.500 2,000 2500 2650 3099 3.500 4,000 4,500

Production Plant Storage Pressure, psia

<% 39 19 F2aAF 8719 HA wmaerE AA%Y (2,650psi, ¢ 180bar)>

10>9 2o A Fee Type2 &7]0] wol Hyain
2

d = | AF2E T Fa2AF8719 Type
O 5AS <G 311>, FE EAdY 9 wjdold s FaAgLs] AAxA vE
Fak 4 3.




<% 311. ¥4 14879 EH{>

T Type 1 Type 2 Type 3 Type 4
Metal tankel £ 34 = (Composite) | 1 s -
JygES 01‘]%] ﬁt;nl]joﬂ %ﬂ%% %%LXHJEL(CompOS;te)
A% Metal ARoE feldf, | opgme mr | fankel SHA
a1 . - , — A~ 7 .
(Steel/Aluminum) olefue it [gad s B Metall =9 P(B}]yfq_ner liner
EadF B liner A}-8 ©
9 175bar - 200bar —-299bar 305bar - 700bar =700bar
73 A A ++ + - -
A - 0 + +
¥ 312 FH EdQa$ o434 AAz0>
T 0 gl T2 % wel
T Large 8 A7 @ ()
T AZEF 1,000 tonneH; AL =7 G 1 (-)
Hl S d 10 od AA/ete &= 85 kgHy/hr
A EE 90 % A8 AR 75 hr
A o]FF 100 tonnelly/d |©9<¢ A= A7H 1.25 m
FE A 4 250 bar 9d AFRA Zo]| 795 m
AL 4H 180 bar AR A5 6 )
AL 7tEE 80 % T EHE 1.0 %
AT =
Inlet Electric pc-wer|
352 |kW Act. power
95%| moter efficiency
Truck & Rail 372 kW Moter rating power
ESC-barl 400 kW with 110% s5ing factor
Land area
Un|°ading 6|cylinder stacking
250bar Bay 20bar . 180bar Storage 15|m clearance
Truck & Rail Compressmn 9.9375|m2/vessel stack
185|m2/bay
250bar Loading 175bar
Compression
Inlst Electric power

56 |kW Act. power
97%|moter efficiency

61 kW Moter rating power
67 |kW with 110% siZing factor
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3 313 vjdelEE FAAEAY AAEA>
T A = = =
= Large A3 75 E 80 %
T AZEF 1,000 tonneH, 398 457 @5 3 (-)
H S 10 o 9o AFRa A4 125 m
A7tsE 90 % 9d A=A dol| 7.9 m
dY olF=F 100 tonneHy»/d AR a HF 6 (-)
AR 44 180 bar Tih £48 1.0 %
AT =
Inlet Electric power
1,442 |kW Act. power
96%|moter efficiency
1506 |kW Moter rating power
1657 |kW with 110% sizing factor
Land area
Regional Unloading 6|cylinder stacking
70bar 35bar 180bar Storage 15|m clearance
Pipe[ine Compression 9.9375m2/vessel stack
185|m2/bay
8.5bar Local 20bar
Pipeline
CE 314 EA 7 ojBolE-EA U] BHENULE FaAFae] AAR>
T %[ o+ TE & EE
TR Large 98 457 @ 3 (-)
3 AYEY 1,000 e, [4A4& §457] a5 1 )
S 10 o AA/Ee £ 85 kgHy/hr
AtsE 90 % A8 AR 75 hr
dd o] 100 tonneHyd |9 AW AH|  1.25 m
FE AA 4 250 bar 99 ARHRI Hol| 795 m
AR 49 180 bar AR a 45 6 (-)
AZA 7HsE 80 % T EAE 1.0 %
AT =
Inlet Electric power|
1,442 |kW Act power
96%|moter efficiency
1506 |kW Moter rating power
1657 |kw with 110% zizing factor
Land area
Regional Unloading 6] cylinder stacking
70bar 35bar . 180bar Storage 15|m clearance
Pipeline Compression 9 0575|m2/vessel stack
185|m2/bay
Truck 250bar Loading 175bar
250bar Bay
Compression
Inlet Electric power | Land area |
56 [kW Act. power | 185 m2/bay |
91%[meter efficiency
61 |kw Moter rating power
67 [kW wih 110% szing factor
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<¥ 315. 7} HH SR v EFA A9>
7 % Fo Edads
H| S & A AA/e e 109+
TR o 5 ES
B A= 1,000tonneH, 150tonneH, 10tonneH,/d
dd A A /e FHkgHyd) 100,000 15,000 1,000
T FAE($) 534,221,588 293,032,258 74,803,726
AL F FAHE($/dD) 150,698 82,661 21,101
dd =HYH & ($/d) 30,308 52,597 26,734
AL siE F v &($/d) 231,007 135,259 47,836
(Levgi(z)ed% ézpi?al %(?s}ttﬂ%i‘gHz) 1.691 1.855 2.368
(Level?z—jjl %gal%éosg,é%/kgHz) 2.593 3.036 5.369
e ol o] 5 &
H] &7 7 A AA/ek e 109+
TR o 5 s
o) 5 1,000tonneH, 150tonneH- 10tonneH»/d
A AA/e S FHkgHyd) 100,000 15,000 1,000
T FAE($) 515,845,976 286,273,521 74,544,604
AL sAE F F24H] &($/d) 145,515 80,755 21,028
dd =HgH &($/d) 64,250 44,496 25,349
dd3it F v E($/d) 209,765 125,251 46,377
Levetae Tt Cosiiaty 2.342 207 5179
T TAl ZF widelF-A ] FE EHAYE
H] 53 dd AA/ah el 109+
TR o % s
AN A 1,000tonneHs 150tonneHs; 10tonneHs/d
A A A/ ZFHkgHyd) 100,000 15,000 1,000
Z 52 8($) 524,053,304 290,549,143 75,661,927
A LA T F24H] &($/d) 147,830 81,961 21,343
dd =P &($/d) 69,276 47,244 26,178
AL i Z B &($/d) 217,106 129,205 47,522
Levi ol G /st 1659 1.840 2.395
(Levelzad Total Cost Shgity 2487 2900 5334
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P
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R
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LUT
MFE
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)
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FOC = COCT + POCT+ SO0CT

xzxgij

FCS = EZZ

FPXQQIq

FE®x TCap

) (I=truck)

X2 LT

g 19,9

FCR= ZZZ

FCL = ZE

FE®X TCap
FPXD,  <X2xXL"

(1=truck)

iEiyig

B X TCap

(I=truck)

FC= FCS+ FCR+ FCL
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ZXQid

= Z;;( TCap (

WXQngg
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2X L

—+LUT) (1= truck)
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Xngg
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(MEXD X2x L
TCap

MC = MCS+ MCR+ MCL

) (1= truck)

mer= Y )

1€10,0; N

GE X Q1 (2 Ly +LUT)

TMA"< TCap =~ SP%

)
. R

(1=truck)

GE X QR 2X 1
e Lot LuT)
TMA®™X TCap ~ SP

( GEXD,,  2xL\

(1= truck)

(I=truck)

( —+LUT)
TMA*< TCap = SP

GC= GCS+ GCR+ GCL

cer= Y )

IS A 0

O AAl FREHLY +I1&
TOC= FC+ LC+MC+ GC

e AL g

O W#Y F
PLCCTS = Y ZZZ(PLCC?M X W,y )

S

1€10y,45 d

PLCCTL = %}Z(PLCCL X W, )

PLCCT= PLCCTS + PLCCTR+ PLCCTL
PLOCTS= POM X PLCCTS
PLOCTR= POM X PLCCTR
PLOCTL= POM X PLCCTL

PLOCT= PLOCTS + PLOCTR+ PLOCTL

Dl = EDM vn

EZQ il,g'sg Vi,g

> P,=221C.,  Vn

jEmedium,large t o)

P =0 Vij,n:j=small

Jin

PCap™ < NP, < P, < PCap™™ xNP,,  Vjn

Jn

IP, =0 Vi,n

jn
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Lgg Vi, l,g,9

XS;J’Mr =0 VZ,l,g,g 11 =1y, = pipeline
XR,,, =0 Vi,l,g.g :i=1,,1= pipeline
XS, 15y =0 Vi,l,g,g 1€ 0,,14, | = truck
XR,, s =0 Visl,g,g 1 1€ 05,14, | = truck

O AAIA Ak
Ln_ﬁXEEQ i,0,9,9 Vz,nnzg
Z Jrism \V/Z,TL

S(hpmlanSm, <S5, < SCapj™ X NS, ; Y j,in

S (S < NS,,,) < 8575 < S (Sl < NS, ,)
J J

Yi,n

RAs-AGAIA AlerxA

NC;J?g NC}?)Zg p]yg vphjuiag

- 0 )
NP, ,=NP,. +IP . —SDP . VD, 7,9

NS.. =NS° +1IS.

Jrbg 209 7569 V],z,g
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0<SDPp]g_Nijp VD,5,9

i,d,g, g’ Vivlvgag/ :ieiz,iS, = prGlZTZG

9.9 Vi7l7g,g' 1€ 04,14, | = pipeline

zd} I/I/iv‘,gdr,g,g' =1 Vialvgvg/ : iEZ’Q,Zé, = pzpel’me

D I/I/i,}Zr,g,g’ <1 Vi,l,9,9 1 i1€iy,i4, | = pipeline
d

_ AL .
B zdJ I/I/;’d,'n, Vi,n

@?;inx I/; n = QmaXX i Vi,l,n: 1= pipeline
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V., =0 Vi,g:i=i,

O wj# Hydraulics

Q5149 = ;(@ig,g’ x W;quq) Vi,l,g.g 1 1€ 1,05, | = pipeline
QR 1oy = ;(Qfg,g’ X VVZ?&,g,g’) Vi,l,g.9 1€ 04,14, | = pipeline
Q5144 = Ed:(adx M/ziz,g,g’) Vi,l,g.9 1 1€14,0, | = pipeline
QR 1 gy = Zd](adx I/I/i{fi,g,g/) Vi l,g,9 : i€iy,04, | = pipeline
D, < Xd](@ﬁ < WE,) Vilni=i,

D, =3 (QxWwh,) Viln:i=i,

4.5% W 7R =X £4 WEQR A3 27

ol Fa MENZ AHS FAE FAFF Adxde] Hdolw A% WMie} 4

M7 &3te <l Mixed-Integer Linear Programming(MILP) <]

O LP(Linear Programming)®} MILP2] % 43} Solver®= ¢# 7 CPLEXZ &9 UEH=Z
A3 ZA= EQdou CPLEX7F Wd® A8 szedolz= IBM ILOG CPLEX
Optimization Studio 12.8& A}-&-3t

O CPLEXZ Aeoldt sid vEYa LA Atz 2L W’y ¢ FEx21S <A
3.23>, oy xstet FEAYE <ady 3.11>9 YERY

O HA9 4 vaid, Widd Fa3UAY HE, Fa%F S B guEd s} i
W EAe HA FERES dolry] 98 <19 312> 22 CaseZ FAE 7o
HHst Ans ==

<3 3.23. 5% W PR =A FAUEAR HH3E SA 9] Alefxd B ods FA>

¥ .

A k2 A% | urmsy | Optimal
e | A%+ | Asus e

1,184 952 180 300 5,008 76 <0.01%
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<3 328 5% W qtR E=AlS] FAandd 3 R Ele] Hydraulics>
. 5 ] 7] olad &= k1l CRe =
soment | e | Mo | S | My | A =3
PIPE-100 500 109000 0.563 0.213 O
PIPE-101 200 317 1.221 4.409 X
PIPE-102 50 221 23.312 25.116 X
PIPE-103 200 45 0.049 3.712 X
PIPE-104 50 133 1.861 8.423 X
PIPE-105 200 25 0.024 3.473 X
PIPE-106 50 70 1.817 11.753 X
PIPE-107 200 111 0.088 3.139 X
PIPE-108 50 20 2.947 29.432 X
PIPE-109 200 535 0.018 0.549 X
PIPE-110 50 20 0.601 12.699 X
PIPE-111 100 1380 0.196 0.753 X
PIPE-112 50 20 0.053 3.354 X
PIPE-113 100 305 0.013 0.371 X
PIPE-114 50 20 0.050 3.265 X
PIPE-115 200 493 0.135 1.756 X
PIPE-116 50 140 12.177 22.500 X
PIPE-117 50 20 1.401 19.908 X
PIPE-118 200 231 0.008 0.559 X
PIPE-119 50 20 0.527 11.833 X
PIPE-120 100 1160 0.222 0.892 X
PIPE-121 50 93 0.146 1.775 X
PIPE-122 100 130 0.007 0.448 X
PIPE-123 50 20 0.070 3.938 X
A= [F1 - (FEd 2 75 899 23 Segment )/ (A 3] Segment )] 96%%
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< 328 5% W FE EAe] Favwg FHRA] b
Valve | §E73H | A& i ATF2E | EF2E | 2237 | 3§43
(kPa) (kg/hr) (m/s) (°C) (°C) (°C) Z 3}
VLV-101 1,149 138 11.15 15.004 14.955 0.048 X
VLV-102 127 138 25.12 14.954 14.948 0.007 X
VLV-103 1,149 47 3.82 15.004 14.955 0.048 X
VLV-104 148 47 8.42 14.955 14.948 0.008 X
VLV-105 1,149 66 5.34 15.004 14.955 0.048 X
VLV-106 148 66 11.75 14.955 14.948 0.008 X
VLV-107 1,149 166 13.35 15.004 14.955 0.048 X
VLV-108 147 166 29.43 14.955 14.948 0.008 X
VLV-109 1,149 72 5.77 15.004 14.955 0.048 X
VLV-110 149 72 12.70 14.955 14.948 0.008 X
VLV-111 1,148 19 1.53 15.004 14.955 0.048 X
VLV-112 150 19 3.35 14.955 14.948 0.008 X
VLV-113 1,148 18 1.49 15.004 14.955 0.048 X
VLV-114 150 18 3.27 14.955 14.948 0.008 X
VLV-115 1,148 112 9.04 15.004 14.955 0.048 X
VLV-116 1,148 125 10.11 15.004 14.955 0.048 X
VLV-117 138 125 22.50 14.955 14.948 0.007 X
VLV-118 149 112 19.91 14.955 14.948 0.008 X
VLV-119 1,148 67 5.38 15.004 14.955 0.048 X
VLV-120 149 67 11.83 14.955 14.948 0.008
VLV-121 1,148 22 1.79 15.004 14.955 0.048
VLV-122 150 22 3.94 14.955 14.948 0.008
VLV-123 1,298 22 1.77 15.004 14.948 0.056 X
A% [=1 - (& =¥ =374 Valve 5°)/(AA Valve )] 100%%
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<# 330. TAUEY A Y =419 20303 FAALH] oS>
A7 WAS | 90 AL | 4 e
go | ma | Fravd | Frawd | shang | saanz
(tonneHy/yT) (kgHy/d)
Gl AEE5EA 3,332 42,984 46,316 126,893
G2 Ak A 892 18,844 19,736 54,071
G3 1G-S Al 806 21,598 22,404 61,382
G4 o -4 Al 600 16,195 16,795 46,012
G5 o 2424 Al 456 9,215 9,671 26,496
G6 BFEG A 390 9,134 9,524 26,095
G7 FAbE A A 284 7,679 7,963 21,817
G8 |HEgFE oA 30 1,808 1,388 5,172
GY [SHFE A2HA 55 1,270 1,325 3,629
G10 A= FYUA 379 6,926 7,305 20,015
A 7,274 135,653 142,927 371,651

2. & VEHQI A 21 H ¥§ F4
7h =A A UEYSS FAALA

O 49 ALK Production)FH &5 EE  9Y3HConditioning), #(Storage), ©|%
(Transportation), &4l (Distribution) W& ZA73to] slfe] AZeE] A|lx~glo=z
sl QS 42T FAE (Hydrogen Supply Chain, HSC)olgt 3t A4 71xE 3

G5t H 8 S v 2E9S ¥E® 47X A S (Hydrogen Value Chain)olgk % st

= )
ol 49, i FoRVH £UT 5 dom, JuE Fho oFe EA

O T4 AAS 93 dUyAYPY F52 A =4 Yo EAsts AYS &85 AY
A= 52
7F o]4(Regional Transportation or Inter—city Transport)®} =4 W o]%(Local
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Transportation or Intra-city Transport) o = G54

Production Conditioning & Storage Transportation Distribution

! Production Liquefaction " Sink (demand)
Resource - Tanker | =
- {1 i) Truck P i - Fueling station
. Steam || - — - Gas turbine
u % Reforming [ '- - Fuel cell
. T~ Partial I A R
Fossi (NG) Oxidation
Fuel s’ : T
. eer — Compression Centralization
(Coal) L (Gaseous H,) Tube - On-site
Gastfication [~ ™ Trailer LIRS | .
/' H, =" iy production
Biomass|, \Q > — — & distribution
. ; ‘ | Tube b gz production
Electricity|, (Nudia\fi 1J m & distribution
(Solar) Metal Hydrides
‘ % —  Water | (Solid H,)
Renewabts| | Electrolysis ] 2252
Energy ﬁ} {(Wind &
! ‘ ] e %

[ 7
[ %§ . (Hydro) ks *
- ;

<Y 33l. FATFAEY M E>

Energy Source | Production Conditioning Regional
-NG I _SMR - Compression for CH2 truck & rail Transportation
- Coal i - Goal Gasification - Compression for pipeline transport
- Biomass (Wood Pellet) | - Biomass Gasification - Liguefaction for LH2 truck & rail - Tube Trailer
- Wind + Solar Electricity i - Electrolysis - Gaseous Tank Rail

—Energy Source Node—» | Source Node - Liquid Tanker Truck
! - Liquid Tanker Rail
Refueling Station |+ Local Transportation [«—{ Terminal Storage - Gas Pipeline
- Cylindrical / Dewar storage - Tube Trailer - Cylindrical tank & Compressor
- Compressor (CHZ, pipeline) - Liguid Tanker Truck - Dewar & Pump
- Evaporator / Pump (LH2) - Gas Pipeline - (Liquefier / Evapaorator)
Sink Node >

<a® 332 =A] ZE ol B =AW olFS Ay T FaTEAEe] AdE>

v =Al P A HESA AAEA
(1) At

O Off-site AAHL2A(HFHAE Az 5
150tonneHy/d(Medium) 2] A2t ES zb= ALA]A
2F3t Heat & Mass Balance(HMB)Z A 4Fsh

TarEHA2E)2  960tonneHs/d(Large),
17 pEHY Furdbs Ege 3t
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<3 331 - E(Off-site b2 57 N 4 AL 3R AAEA>
99 ANF | AN}EE NA7) 5g
E = = 1l O RESa B4 [e) = H
i (tonneH,/d) (%) (%, H, LHV/NG LHY)| NG HHV/LHVY]
Large 960 90 76.2 1.11
AT =
30b
> SMR T
Inlet NG Outlet1 H2
5,976 |MMBtu/hr (LHV) 960,000 |kg/d
6,633 |MMBtu/hr (HHV) 16,624,000 |scf/hr
6,633,131 |scf/hr (HHV) 4,804,000 |MJ/hr (LHV)
130,817 |kg/hr (HHY)
Inlet Electricity Qutlet2 co2
8,000 |kW 8.99|kgCO2/kgH2
o] o] Ag A} 2F o] 7].7]_5.% 7H Al 7] 33—_%
E = & 1l O 1 [e) = H
Tt o b/ (%) (%, H, LHV/NG Luv)| NG HHV/LHVY]
Medium 150 90 72.0 1.11
A=
30bar
— SMR -
Inlet NG Qutlet1 H2

988 |MMBtu/hr (LHV)

150,000 |kg/d

1,097 |MMBtu/hr (HHV)

2,597,500 |scf/hr

1,096,885 |scf/hr (HHV)

750,625 |MJ/hr (LHV)

21,632 |kg/hr (HHV)

Inlet Electricity

Qutlet2 co2

1,250 |kW

9.52|kgC02/kgH2
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<3 332, ol E(Off-site AAbH2) Ag 7FAst 4 A A AAxRA>
Al A At EE 7tesk W7l 88 | ag gEy/LHVH]
2w (tonneHsy/d) (%) (%, H, LHV/NG LHV)| '+
S Y
Aed = Air Separation Unit(ASU) ASU 24 AAE T
(Btu HHV/dry 1b) A 7] & & (kWh/kgO.) (tonsO»/tons dry feed)
960 90 75.0 1.03
Large
12,000 | 0.39 | 1.00
ATE
Air
| 261,595 [kgoa/hr | [ sulfur ] 126 ton/d |
-— 35bar CO shift, 75bar
AsSU Coal'Gasifier Cool & Clean, PSA
Qutlet1 H2
Inlet1 Electric power 5,039 |MMBtu/hr 40,000 |kg/hr
ASU 102,022 (kW CO/(H2+CO) 58% 4554 | MMBtu/hr
Misc. 26,159 |kW 16,624,000 |scf/hr
Total gross 128,182 kW Outlet?
Net import 96,136 |kw CO2 (from coal) 17.98 |kgCO2/kgH2
PSA fuel gas (3% loss) 151 |MMBtu/hr
COtoH2 shifting heat 438 |MMBtu/hr
Inlet2 Coal
6,719 |MMBtu/hr (LHV)
6,921 [MMBtu/hr (HHV)
261,595 |kg/hr (HHV)
6,278 |tonne/d (HHV)
2% |wit% sulfur
o] o] /ng/\]-alz 0:17]-7].5E 7} 2~3 dk&-7] a8
= =2 QARG AL o= — o = 2J E} H
o (tonnel/d) (%) (%, H, LHV/NG LHv)| A& HHV/LHVY]
i
Aerd = Air Sep@rgﬁon Unit(ASU) ASU AtA AAE T
(Btu HHV/dry 1b) A 7] &8 (kWh/kgO-) (tonsOy/tons dry feed)
, 150 | 90 | 72.0 | 1.03
Medium
12,000 | 0.39 | 1.00
A& %
Air
[ 42577 [kgo2/hr | [ sulfur 20 torvd |
35bar CO shift, 75bar
Coal Gasifi
ASU oal Lasitier Cool & Clean, PSA
Outlet1 H2
Inlet1 Electric power 787 |MMBtu/hr 6,250 |kg/hr
ASU 16,605 |kW CO/(H2+CO) 58% 711 |MMBtu/hr
Misc. 4,258 |kW 2,597,500 |scf/hr
Total gross 20,863 |kw Outlet2
Net import 15,647 |kW CO2 (from coal) 17.98|kgCoO2/kgH2
PSA fuel gas (3% loss) 24 |MMBtu/hr
COtoH2 shifting heat 69 |MMBtu/hr
Inlet2 Coal
1,094 |MMBtu/hr (LHV)
1126 |[MMBtu/hr (HHV)
42,577 |kg/hr (HHV)
1,022 |tonne/d (HHV)
2%|wt% sulfur
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<3 3.33. T -t (Off-site AAE24]) vwpo] Qufjx 7h2st A4 AAE S o] AAxd>

9 ANT | AteE | sics 98 5 5] & v} 2=
(tonneH/d) (%) (%, H, LHV/NG LHV) HHV/LHVH]
TR
Hjo] @ ufj ~ & = Air Separation Unit(ASU) ASU A4 AAES T
(Btu HHV/dry bonne 1b)| #7]1&&kWh/kgO.) (tonsOo/tons dry feed)
960 | 90 | 55.0 | 1.06
Large
8,000 | 0.37 | 0.80
ATE
Air
[ 408410 [kgoo/mr |
. . 35Sbar CO shift, 75bar
| ASU Biomass G Cool & Clean, PSA
Outlet1 H2
Inlet1 Electric power 4,672 |MMBtu/hr 40,000 |kg/hr
ASU 151,112 |kW CO/(H2+CO) 50% 4,554 |IMMBtu/hr
Misc. 40,841 kW 16,624,000 |scf/hr
Total 191,953 |kW Outlet2
CO2 (not included in emission) 28.667 |kgCO2/kgH?
PSA fuel gas (5% loss) 234 |MMBtu/hr
COtoH2 shifting heat 440 |MMBtu/hr
Inlet2 Biomass
8494 \MMBtu/hr (LHV)
9,004 |MMBtu/hr (HHV)
510,512 |kg/hr (HHV)
12,252 |tonne/d (HHV)
49 ANF | ADItsE | s weY) 58 Hpo] @ wj 2
(tonneHy/d) (%) (%, H, LHV/NG LHV) HHV/LHV H]
T
vlo] @ mj A~ = Air Separation Unit(ASU) ASU 2tA AarEx
(Btu HHV/dry bonne 1b)| #7]1&&KkWh/kgO-) (tonsOo/tons dry feed)
, 150 | 90 | 50.0 | 1.03
Medium
8,000 | 0.37 | 0.80
A& %
Air
[ 70195 Jkgo2/hr |
ASU Biomass Gasifier 2abar €0 shify | Toker
Cool & Clean, PSA
Outlet1 H2
Inlet? Electric power 730 |MMBtu/hr 6,250 |kg/hr
ASU 25,972 kW CO/(H2+CO) 50% 711 |MMBtu/hr
Misc. 7,020 |kw 2,597,500 |scf/hr
Total 32,992 |kW Outlet2
CO2 (not included in emission), 28.667 |kgCo2/kgH2
PSA fuel gas (5% loss) 36 |MMBtu/hr
COtoH2 shifting heat 69 |MMBtu/hr
Inlet2 Biomass
1460 [MMBtu/hr (LHV)
1,548 |MMBtu/hr (HHV)
87,744 [ka/hr (HHV)
2,106 |tonne/d (HHV)
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<E 334 FIE(Off-site AAHTA) Fda] F2 A TG BAEA>

dd ALk A77H5E  |Electrolyzer A7) &8
il =2 =2 QUARG] Al O wl ==
i (tonneHy/d) (%) (39.37kWh/kgH,=10005)| Dlectrolyzer &7
Polymer Eletrolyte
Large 150 90 76.2 Membrane(PEM)
A&
PEM
»|  Electrolyzer & Sar
Inlet1 Water Outlet1 H2
56,250 |kgH20/hr 150,000 |kg/d
2,597,500 |scf/hr
Inlet2 Electric power 750,625 [Ml/hr (LHV)
328,083 |kW for Electrolysis
901 |kW for Misc. Outlet2 02
50,000 |kgO2/hr
On-site AAPA(LF F=A42FHAAE)S 500kgHy/d(Small) 9] AAHEFS 7HxH ) 10Y H]
% B 5 R ALAGAMN $HEH GOaEy), ¢ sao AP FES
93k Cascade A&Ad 2 WA, Dispenser 522 T4 %
AFE FAhEHLY THASEEE <ad 333> Zow, ¥ dFAE 8
(700bar)E 7|=o % <3 335>, <3 3.36>9 On-site 52 Fa5d4h AAZA
& AAAa e
HIGH BANK STORAGE
& o] y (»cpar) ; 1524
2 S —
d MID BANK STORAGE
i _—
b | L WEEZ| W 2(3500ar)
- =D~ oo

DISPENSER
S50-180bar . 1
St B fi ’
(940bar)
PRIORITY PANEL
® -
:
S
S40bar T00bar

F4 B2sqUe(50-180bar)

PRE-COOLER -
FCi {7000 ar]
b £V 821(7000ar)

VAN
u
o
w
3
2
ol
ofo
¥
[
ofj
Y
o
of

drEE>




<X 3.35. 2TFE(On-site AAYA) F57] AMAF Fa AN T AAzA>
TR 3 ) T8 3 )
GE Small (on-site) Main 457 @5 3 (-)
ool AL 500 kgH,/d Cascade A &&= 134 kgH,
AT EE 100 % Dispenser 71 <= 2 (-)
MNE7 && 60.0 % yzt7] &% 3.4 ton/hose
(%, 71 o= 0
NG HHV/LHV¥| L1l |y, jave Lavy| B271 A8ES& | 0325 kWh/kgH,
AR o™ 180 bar Precooler A3 & & 0.305 kWh/(kgHy/d)
AgRA TteE 80 % ZAx FEAY 480 \Y
AZRa G5 3 (-) Th £48 0.50 %
AT =
—_— SMR
Inlet NG Outlet H2 (20 atm)
4 |MMBtu/hr (LHV) 00 |kg/d
4 |MMBtu/hr (HHV) 8,658 [sci/hr
4,388 |scithr (HHV) 2,502 |MJ/hr (LHV)
87 |kgshr (HHV)
Inlet Electricity Qutlet2  [CO2
2 Tkw 11.42|kgC02/kgH2
Storage
180bar 20bar
Inlet Electric power Com pressor
15 (kW Act. power
86% | moter efficiency :
17 |kW Motor rating power Cyllnder 180bar Inlet Electric power
18 |kW with 110% sizing factor Storage 20 |kW Act power
23 |bhp Motor rating power 88% |moter efficiency
23 (kW Moter rating power
25 |kw with 110% ==ing factor
Main Cascade
Precooler i
. Compressor Storage Bisprenser
180bar
I l Land area
Electricity 6| cylinder stacking
[ Chiller 15|m clearance
Electricity 9.6375|m2/vessel stack
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% 336, 27 E(On-site AAbEA) FANY Fa AL FAH AARA>
B 2 ) T8 2 )
GE Small (on-site) Main 457 @5 3 (-)
ool AgALE 500 kgH,/d Cascade A &&= 134 kgH,
AT EE 100 % Dispenser 7<= 2 (-)
Electrolyzer
SRS 75.0 % W7tr) & 3.4 ton/hose
Tl =
Electrolyzer &+ | PEM (-) WJzt7] A€as 0.325 kWh/kgHo
A e =3 ok 180 bar Precooler 213 & & 0.305 kWh/(kgHs/d)
g vsE 80 % AL FEAY 480 \Y%
AdRa G5 3 (-) Th £48 0.50 %
AT =
Electrolyzer
Inlet? Water Outlett H2 (20 atm)
188 [kgH20/hr 500 [ko/d
2,658 [scf/hr
Inlet2 Electric power 2,502 |MIfhr (LHV)
1,004 (kW for Electrolysis
29 (KW for Misc Outletz |02
167 |kgD2/kgH2
Storage
180bar 30bar
Inlet  |Electric power Compressor
15 | KW Act. power
86% |moter efficiency s
17 |kW Metor rating power Cyllnder 180bar Inlet Electric power
19 | kW with 110% sizing factor Storage 16 (KW Act. power
23 |bhp Motor rating power B7%|moter efficiency
18 kW Moter rating power
20 [kw with 110% sizing factor
Main Cascade
Precooler i
- COI‘HP!’ESSOT Storage D{SPEHSEI‘
180bar
I I Land area
Electricity 6|cylinder stacking
Chiller 15|m clearance
Electricity 9.9375|m2/vesse| stack
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44
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)
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71Fem ofF
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<3
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tel 7h53tv ol

@

=

338 74 FH R o]F

<3

Tube Trailer

Pipeline
Tube Trailer
Tanker Truck

Pipeline
Tanker Truck

Pipeline

CH2
CH2
CH2
LH2
LH2
LH2
LH2

Tube Trailer/Rail Car

Pipeline

Pipeline
Tanker Truck/Rail Car
Tanker Truck/Rail Car

Pipeline

Pipeline

p—

0
=r

Pathwayl

Pathway?2

Pathway3

Pathway4

Pathwayb

Pathway6

Pathway7

719 774 o R (Large size) A

3 338> 3%

O <

13
A=y

¥ 345> E=A]

339> - <

<3

500tonneH>(Medium),

1,000tonneH,(Large),

z}+

o)

A A

O CH2 Type

4,500tonneH,(Large),

LH2 Type

100tonneH>(Small),

1,000tonneH>(Medium), 100tonneH>(Small) = A % gt

3.39. Pathwayl Type 424490 AA
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Inlet Electric power
352 |kW Act. power
95%|moter efficiency

Truck & Rail 372 kW Moter rating power
ESC-barl 400 kW with 110% s5ing factor
Land area
Un|°ading 6|cylinder stacking
250bar Bay 20bar . 180bar Storage 15|m clearance
Truck & Rail Compressmn 9.9375|m2/vessel stack
185|m2/bay
250bar Loading 175bar
Compression
Inlst Electric power
56 |kW Act. power
91%|moter efficiency
61 kW Moter rating power
67 |kwW with 110% siZing factor
<3 3.40. Pathway?2 Type 42429 AAZXA>
1= 1=}
TR & | as TR % ]
TR Large AL 7t E 80 %
5 A3E 1,000 tonnell,  [3t9§ 957 95 3 )
H S 10 o o AFRA AP 125 m
AZ7HEE 90 % o ARG Aol 7.95 m
A o]F=F 100 tonneH»/d AGHa A5 6 (-)
A=A ke 180 bar TAH EHE 1.0 %
A=
Infet Electric power
1,442 (KW Act. power
963 | moter efficiency
1506 |kWw Moter rating power
1657 |kw with 110% sizing factor
Land area
Regiona| Unloading &|cylinder stacking
70bar 35bar 5 180bar Storage 15|m clearance
Pipeline Compression 8.0375|m2/vessel stack
185|m2/bay
8.5bar Local 20bar
Pipeline
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¥ 341. Pathway3 Type A A A4l AAZA>
T % [ =9 TE = =5
TE Large YL 457 2 3 (=)
T AEEH 1,000 tonneH, AAE 4571 &= 1 )

H S A5 10 o HA/81Y £= 85 kgHy/hr
A7t EE 90 % A A/ ek AR 75 hr
A ol F 100 tonneHy/d |9 AW AA|  1.25 m

FE HA <4 250 bar @d AFEa "ol 7% m
AR 49 180 bar ARHE q43 6 (-)
AR s E 80 % T EAE 1.0 %
AT =
Inlet Electric power
1,442 |kW Act. power
96% | moter efficiency
1506 (kW Moter rating power
1657 |kw with 110% sizing factor
Land area
Regional Unloading 6|cylinder stacking
70bar 35bar . 180bar Storage 15|m clearance
Pipe"ne Compression 9.9375|m2/vessel stack
185|m2/bay
gs‘érbutk 250bar Loading 175bar
250bar Bay
Compression
Inlet Electric power Land area
56 kW Act. power ‘:SSlmErba)-
91% |maoter efficiency
61 |kW Moter rating power
67 |kW with 110% sizing factor
¥ 342. Pathway4 Type FA2A &4 AAZHA>
TE x e B & RE)
TR Large o HE g 250 kg/hr
. Hx §-8 [¢)
% Agas 4,500 toréneHz HX 38 60 3%
63,559 m°LH, @ Agda &= 11,000 m’LH,
H S A 10 d AZRA 7HEE 95 %
A5 E 90 % LH, 71848 0.25 %/day
g o] 450 tonneH, - - -
AT=
Inlet Electric power (/pump)
0.763 |kW Act. power
74% | moter sfficiency
Truck 0.222 |kW Moter rating power
:
mucksnal | Bay |ibw Unloading | , Storage
Pump
3har | Loading
Pump
Inlet Electric power (/pump)

0,163

kW Act. power

74%

moter efficiency

0.222

kW Moter rating power
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¥ 3.43. Pathway5 Type 44

e AAEA>

T & 1 a9 S gk R
T2 Large e Hx g 250 kg/hr
) HIE §-8 [¢)
= A4xae 4500 tor;neHg 0 9= 60 SA
63,559 m’LH, 9o AgEa &= 11,000 m°LH,

v Sd 10 d A" 7t g 95 %
AtsE 90 % a4 T &% 8,000 kg/hr
A olFF 450 tonneHy LH, 713}<=4 & 0.25 %/day

AT E
Inlet Electric power (/pump)
0.163 | kKW Act. power
74% | moter efficiency
0.222 kW Moter rating powsr
Truck & Rail Bay 1bar Unloading 2bar Storage
Pump
8 5bar Local 20bar 21bar Loading
o e Evaporator
Pipeline Pump
| Inlet Heat | Inlet  |Electric power (/pump)
| Ignored  [kW | 3.106 |kW Act. power
80%|moter efficiency
3.869 (KW Moter rating power
<3 3.44. Pathway6 Type F2A Aol AAZH>
T & 9 T & w9
TR Large EE AHA Azt 35 hr
tle] HxZ Rk
= Agae 4,500 toréneHg T W= 89 250 kg/hr
63,559 m’LH, HE 58 60 %

H A5 10 o @ Agda &= 11,000 m’LH,
A7MEE 90 % AZRA 7tsE 95 %
A o]k 450 tonneH, LH; 7]|3l<&=4E 0.25 %/day

AT =

| Inlet |E\ectric power |
| 150,000 [ew

Regional

70bar o absr| Liquefier | zbsr | Storage
Pipeline
Truck 3bar Loading
Bay
Pump
Inlet Electric power (/pump)

kW Act. power

moter efficiency

2 [kW Meter rating power
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¥ 3.45. Pathway7 Type A A &4l AAZA>
T & | T # i
TR Large HI 38§ 60 %
. g 4,500 tonneH, & AF®= &% 11,000 m’LH,
coe0T 63,559 m’LH, AR e E % %
H S 10 o 9o 2] &% | 8,000 kg/hr
A7t EE 90 % LH, 7|st&EAE 0.25 %/day
dd o] 450 tonneH, Fa SAE(YE)) 0.50 %
9d H= 43 250 kg/hr - - -
A&%E
Inlet Electric power
150,000 [kwW
Regional Liauefi
70bar 2bar iquertier 2bar Storage
*|  Pipeline 9
8.5bar Local 20bar 21bar Loading
N Evaporator
Pipeline Pump
Inlet Heat Inlet Electric power (/pump)
Ignored  |kW 3.106 kW Act. power
30% maoter efficiency
3.869 kW Moter rating power
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20K

LH, 2%
10,000kgHo/ =

12hr/d
8hr/d

124]
45km/hr

3% =8-S 20bar, - 2A71A] 9]
250bar
61,600m*

1,535kgHy/ %

CH, 2 &

£3l¥l CNG(Compressed Natural Gas) E#

qo| favEda HA 210>

LH, EY
20K

A
4,000kgH,/ o 1V

24]
55km/hr
25km/hr

18hr/d

15hr/d

8.5bhar=

st o, o5
11
10.98m

1
-

24,640m®
614kgH,/TH
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v‘l—y—@_[ll]
3-10
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Z= =371
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<E 347 FE EHdY A FASHA AAxd
T 7k 53 T3 7k lZes
ol AYAL=E 500 kgHy/d Dispenser 7} 2 (-)
Az7bsE 100 % Wz7) &= 34 ton/hose
R 50 bar Y717 ¥ as | 0325 kWh/kgHa
vl &= 950 bar Precooler A& & & 0.305 kWh/(kgHo/d)
Main 7] @< 4 (=) FHAE TEAY 480 \
Cascade A& = 134 kgHo Fa EHE 0.50 %
AT &=
Inlet Electric power
27 |kW Act. power
89%|moter efficiency
30 |kW Motor rating power Electric power
33 kW with 110% sizing factor Electric power
40 |bhp Motor rating power Chiller I
Cascade
S0bar Compressor Precooler Dispenser
Tube Trailey Storage
3 348, 7tz i FEHA Y FasHAA AR >
T iy lZes T3 iy Sy
dd A 500 kgH,/d Dispenser 7} 2 (-)
ANMEE 100 % Wz &% 34 ton/hose
T 6 bar Wz7] d9a2s 0.325 kWh/kgHo
v =< 950 bar Precooler A& & & 0.305 kWh/(kgHs/d)
Main &57] @ 7 (-) ZAA FTEFAY 480 \Y%
Cascade 78 134 kgH- T EHdE 0.50 %
AT =
Inlet  |Electric power
46 |kW Act. power
90%|moter efficiency
51 |kKW Motor rating power Electric power
56 [kW with 110% sizing factor Electric power
68 |bhp Motor rating power Chiller
Cascade
gbar Compressor Precooler Dispenser
Pipeline Storage
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349, H3k FAEL FHFUA] FaFAn AN
T 2k ER i 2k R
dd ABAEF 500 kgHy/d SAZEA AGE&F | 2412 kgHo
A5 E 100 % Dispenser 7} 2 =)
T 1 bar Wyzt7] &% 3.4 ton/hose
Hj = o & 950 bar 7] A988 0.325 kWh/kgH,
H= gk 21 kg/hr Precooler A2 & & 0.305 kWh/(kgHs/d)
HE g8 60 % T2 FEAY 480 A%
Cascade #7482 134 kgH> LH, 71345 0.25 %/day
A& =
Inlet Electric power (/pump) Inlet  [Heat
24,000 [kW Moter rating power Ignored |kwW
l |
v | Ynloading | | Cryogenic Cryogenic E
— —| Evaporator
Pump Storage Pump
Inlet  |Electric power (/pump) Cascade
‘.999. kW Act. 'p.o.wer Dispenser
79%| moter e“|c|er?cy Storage
2.545 |kW Meter rating power
LA HES A ZF GAE HE 541
O =A| 2 a4 HEYAY AL A% ofF, uf @A 27 =13 Als =9 HMBE
EdE ZF g w8 F4F Ask 2 oHEAM A 287 dolHE <E 350> - <&
351> A A g
(1) & AL duAd 22 9 Hv§
<3k 350. Ul T A oA Y FEx>
Beg | =Y
2 | Aazte | gw RIS wder | whae
A=A EARD | g | (tad)
(kg/d) (kg/d) (kg/d) (kg/d) (MWh/yr) | MWh/yr)
Gl MEEH-A 0 0 0 466 32,413 0
G2 FAg A A 0 0 0 679 78,672 444
G3 A3 FH A 0 0 0 430 32,602 48,642
G4 o33 Al 0 0 0 389 40,559 0
G5 o 28 Al 0 0 0 8,759 16,864 0
G6 FFG G A 0 0 0 1,641 30,588 0
G7 g A 225,419 1,030 11,455 2,596
G8 A AFA 320,332 0 0 9,353 1,214,806 233,740
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Go | =9 44 | 40986 0 0 15,953 171,949 0
G0 | A7) %S94 0 0 0 9,171 201,688 5,324
& 7 586,737 0 0 47871 | 1831596 | 290746
¥ 351 4 A uAd F vt

qgd | 29

T8 PA%e | Rats | de RIS wag | aag
TSR (A1) | K1Y R

(Unit) (kg) (kg) (kg) (kg) (kW) (kW)

= 2E ol EH 10,000 | 00000122 | 0.000004076 | 0.000004076 | 0.0000509 | 0.0000509
($/unit/km)

A 7F Fuje) &

S 0 0 0 0.15 0.085 0.085
el 5= H)-8 10,000 0.59 01115 0.221 0.085 0.085
($/unit)

O 44 Az olUANe FFL BA 2 At A8l £9) T oA el Qew, 2
QA FAFLE o] o AUE AUolm AUEA o] Ao EF wE
Tho] E7Fsste] Yoo =& e H]-E($10,000/kg/km)S A 83t

O A& A AR TdEe dEag=e B350 ASS 7FATI o, & 2elA
o se AAMoz BrwH e AU A TRAA QM g
L) FUN LS A A A A FrHF0.085/kWh) e} & LsHA A2 A

O We7kzel +Ue LNGE o]l AT AABAGANAT 7Fsse, Aeat vpo
Qo] 4L HEHstE stHo] ek A Ql FARGFAAI(G2), AHFAA(GI),
SR (G7), HEFE oA GRANN D e 71

(2) A GA v gF=41

<3 352. 4 A 7l v g4 A3
TR PRI = FAHH|-& ZYn| & F 44 HE | G A ]S
k%) (k$/d) (k$/d) ($/kgH>)
BA 2 - - - 35
AAztAA 958,754 245 516 0597
At
ek} 5 2,920,122 774 1,400 1621
(960tonne/d) -
nlo] & u) <7}~ 3,307,321 784 1,717 1.988
PEMZ= 4 3
B2 - - - 2214
- Az A 184,655 59 11 0.824
ESRS S 2.831
(150tommed) 15 521,397 235 389 83
wfol ol 5k | 862942 959 502 3724
PEMZ=4 4l 772,382 9% 311 2.305
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2R

(0.5tonne/d)

AA7r=MA

12,640

15

5.1

10.275

PEM <=4 &l

13,007

1.0

4.7

9.535

O & AHTAS S AL FAS wA ol AARY FEE QWAL ANFS
AT F Jd=E 7 ARt FLekAl AA (Large 960tonne/d, Medium
150tonne/d)

<3 353 FA& AF-old A gL 9 dAVolE T o] E-s) v8-FAF A3
cw | Agels =g | T TANS | Zaws |5 A9 g | velaans
(k%) (k$/d) (k$/d) ($/kgH>)
A% G/ AR AT

Pathwayl 95,951 93 120 0.140
Pathway?2 44,943 48 60 0.071
Pathway3 44943 48 60 0.071

o 7 &
Pathway4 2,054,336 870 1,450 1.687

(960tonne/d)

Pathwayb 2,054,336 870 1,450 1.687
Pathway6 44,943 48 60 0.071
Pathway7 44943 48 60 0.071
Pathwayl 31,346 33 42 0.314
Pathway?2 14,605 23 28 0.209
Pathway3 14,605 23 28 0.209
TR
Pathway4 341,552 164 260 1.942

(150tonne/d)

Pathwayb 341,552 164 260 1.942
Pathway6 14,605 23 28 0.209
Pathway7 14,605 23 28 0.209
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<HE 354 S ARold ZFUAE Ah2s FH 4% A5 v g A
am | Amees zg | T TS | 2008 |3 99 ule | aAuag
(k$) (k$/d) (k$/d) ($/kgHy)
A7) % Hgt/ko] Q)2 7h23)
Pathwayl 56,434 60 76 0.089
Pathway?2 0 0 0 0
Pathway3 0 0 0 0
Rt =
Pathway4 2,054,336 870 1,450 1.687
(960tonne/d)
Pathwayb 2,054,336 870 1,450 1.687
Pathway6 0 0 0 0
Pathway7 0 0 0 0
Pathwayl 18,361 26 31 0.234
Pathway?2 0 0 0 0
Pathway3 0 0 0 0
TR
Pathway4 341,552 164 260 1.942
(150tonne/d)
Pathwayb 341,552 164 260 1.942
Pathway6 0 0 0 0
Pathway7 0 0 0 0
<3 355 A& Aol A e A oS- v & A 49>
| qmols za | T TANE | RS |3 AW g | waAdug
(k$) (k$/d) (k$/d) ($/kgHo)
A7 = B gd/3e 2d d89E o] &3 s
Pathwayl 31,346 33 42 0.314
Pathway?2 14,605 23 28 0.209
Pathway3 14,605 23 28 0.209
IR
Pathway4 341,552 164 260 1.942
(150tonne/d)
Pathwayb 341,552 164 260 1.942
Pathway6 14,605 23 28 0.209
Pathway7 14,605 23 28 0.209
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(4) A SA vEF4t

<E 356 Fh Aold 2TPAE AGAN W §FA 4>
cw | AR |Agos za| S FANE | 2AE |3 AL S| aA RS
k$H) (k$/d) (k$/d) ($/kgH>)
1.000tonme Pathway1 534,221 80 231 2.593
Pathway?2 515,845 64 209 2.342
cit Pathway3 524,053 69 217 2.437
o Pathway4 293,594 99 182 0.450
4,500tonne Pathwayb 313,544 102 190 0.473
LH; Pathway6 2,062,330 636 1,218 3.024
Pathway7 2,073,926 636 1,221 3.032
00tonme Pathway1 293,032 52 135 3.036
Pathway?2 286,273 44 125 2.7197
cib Pathway3 290,549 47 129 2.900
5 Pathway4 102,205 39 68 0.760
1,000tonne Pathwayb 108,514 49 79 0.892
LH; Pathway6 441,300 157 282 3.151
Pathway7 444,519 167 292 3.269
L00tonne Pathwayl 74,803 26 47 5.369
Pathway?2 74,544 25 46 5.179
cib Pathway3 75,661 26 47 5.334
e Pathway4 24,607 20 27 3.091
100tonne Pathwayb 26,100 32 40 4471
LH, Pathway6 78,433 42 64 7.178
Pathway7 78,704 52 74 8.340
(5) ol% @A mgF
O Ef B HAEE o] &3 o|FH & A <& 357>5 7|wtew g

O Zhzdld AA M gL mASbs vizel AAAAE ARl NBAHEG, 10, 15,

20, 25, 50, 75, 100, 150cm)3} Zole] F42 UEhdl wEP0e Apgaiglow 77 4
M QlAu, JE Poulg W PAuE FEom oo oAzt fApY e
& Axuge] 26 PP 24 2F ol o1& £H(200, 300, 600cm)e
150cm ©] 3} vl o] thurz A Ee] B &S Al

=

)

==

Tl =

-
[oi3
=

O 77} =4 2 100km ol$Ae], =A ] 20km o]F A A MHA L Bl Ao 7}
AL S BEe o] 43 o] &e <E 358>0] UEWI, <18 334>0] o]%7 e
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2] 3
<& 357 E/A®E ojgul gl >
TE 99 | CH; E¥ | LH; E¥ | CH; 3% | LH, %
Q1] $/hr 23
Aeldn(gAd) | km/L 255 4.25
Al A (H] A km/L 2.30 -
Az A (HA) $/L 1.16 0.28
g duka el g | $/day 8.22 6.85
g FA#H S| $/km 0.0976 0.0621
g 7+4 $ 250,000 500,000 300,000 500,000
<3t 358. 100km T-%F 7F2=diek W] E-F4F A 9>
27 Az | JAEE | Foielg | FAHE | AAHE | FARSEEE
(cm) (k$) (k$) (k$) (k$) (k$) (k$/yr)
5 12,795 17,990 26,518 27,825 85,128 1,702
10 14,677 33,048 31,639 29,224 108,583 2,171
15 116,835 48,035 37,175 30,623 232,668 2,653
20 19,311 62,952 43,128 32,022 157,413 3,148
25 22,151 77,79 49,496 33,421 182,867 3,657
50 43,989 150,973 87575 40,416 322,953 6,459
75 87,354 222,386 136,048 47,411 493,199 9,864
100 173,468 292,036 194,916 54,407 714,827 14,296

O HHE A=A #d Ao =9 3 YRE2 74 HEHI EFHA Fow
NE
a-=

j
= -4
TRUEAD Fefol et vSHEE 2t F2a5d A o] wgo = Nk g

<3E 359. Off-site Fa4FHdA H &5 49>

B B N AT = FAHH] & Zgu] & F dd H & | AL &
(k%) (k$/d) (k$/d) ($/kgH>)
AA7L= A 12,640 15 51 10.275
On-site YAk
PEM <=7 3 13,007 1.0 47 9.535
BB Efdy 3,868 0.8 1.9 3.830
Off-site A4k 7} 2~wl B 5,012 1.0 2.4 4.836
A3l B EE 5,144 0.5 2.0 3918
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<9 334 oA gl mE FaTiujde] dejdold AAn]g>

O AArgHA o v)g3=a A} A=z ol vasle] <F 3.60>0 e

il
M

O AAkH , TATHAE FujeheE B &S Ao vl o YA Fo A
7Rk8l Hydrogen Delivery Scenario Analysis Model(HDSAM v3.1)9] Ay e =4

g Avel v (<F 3.61>)

Fael Aol E

F

<3 360. 4 A 7led BEFA A vla>

T H]-& 54k 3} Reference® ¥
5 e 5 e
wag | x| 23| an e sx | 22 an
A% | PR ag | UE | g ag | U g

(tonnet/ - (g) | ($/kat)| ($/katl) | OPIEHY) () | ($/kgth) | ($/kgt)

2 960 958,754 | 0.284 0.597 1,100 | 523,260 | 1.379 1.520

ofy

150 184,655 | 0.438 0.824 150 118,560 | 1.402 1.619

On-site] 0.5 12,640 3.108 10.275 1.5 3,420 2.474 3.098

A o 960 |2.220.122| 0896 | 1621 | 1100 |1415880| 1.083 | 1.436
EE = 150 | 521397 | 1741 | 2831 - - - -
dpol o] 960 |3307.321| 0908 | 1988 | 1100 | 870960 | 1710 | 1927

7}2~3} —
= 150 | 862942 | 1920 | 3724 | 150 | 263340 | 2075 | 2556

150 772,382 | 0.691 2.305 100 118,560 | 4.549 4.873

ofi

On-site] 0.5 13,007 2.160 9.535 1.5 2,280 5.187 5.603
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3. 1009 5 F& EA Y $2 vYEY AL £33 FHH3} »d

7, ®2dle] % 9 Superstructure

O F49 AAn]go] 50%°) o2+ 249 A74xE Fud o, + 45
ststo] 54 Z=A] Fto] tifEE dARA], E= 5 i
TEE AR = HdA FEAEed FFS VA FTag AT "1 <ad
335>+ U HFTE F2AH A (Centralized Hydrogen Storage Model, CSM) 9} &4+

Z~(Decentralized Hydrogen Storage Model, DSM)E 11&3te] 4 & AlE

& Ty Were nelF

>~
=

Centralized Storage Node
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CSM Storage
Pri E l
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Local

Transportation

Importfrom [ ¥
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velse 7 / Demand Node
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O <119 336> #4HE FaAda BA(DSM), <19 337> $931FY FaAgA
RU(CSM)S 7|Hto 2 3t =A] 7 FAUEY A H A3 2do] Superstructured.
g1 ! Local Demand |
: of il : Xilggf !
- Poig Ly, 1 ph g1
£ -?redactmn FZI IConditamng L |Quger Transport L?gg; IStorage s, | Vimported ! i
Eesar| scale j ' Tech. W mode ! = o
sealesy _____) jhfeen ho ! L fori scalehform:l i1 Demandof iy |
. o 1 : [ | S IO L P Mttt S
« . i : “ i L]
M Y | L A | L I - Ssjig' : Digs :
! i Produstion Pon ¥ ! Condrtiomng i H .-étar-az;-e};,: o :_I_rz‘l-pB;-'i:;a """ '
.(@ '_59‘:“?!11____] '_?_egf}_iin ______ 5cale 7y, o i, 1 - Demand of i, 1
l, Transport fTmmmTEm Tt e !
" G535e Dariand | | Lol Demard e Ot Damand
. . Z_):!f______: :_a_f_llri _______ " ! b----- e
: . e » .
Ggn I Local Demand | v .
: of 1, ’
Jan Poig T oL Transport Gan

@ ! i Preduction o ! Cendltamng ! n;;}fi Storage 5 : ' Imporied :

i 1 scale j; | Tech. i 1 o 1scale j; formi; ' Demand of i;
. » " i »
. d Gujig : : Ssz'c‘gf : D:‘gr :

@ 1 Production p,,, { ! I Conditioning . 1 Storage s, N ! imported ‘
ety LT i Transport '?Eﬁ"f!mf?{"l t | Demand ot iy}
________________ { T made L]

G- site Damand | { Local Dervand | fn 10T i [ Onsito Damand |
o Df ey T
<19 3.36. DSM 7|49t =A] 2 AU EY A HA3F F49 Superstructure>
G nLucaI Demand |
91 Ppig a9’ a"
e e e | Tramsport | e [ oo Transport
: Producton ;| { [(fiusd rﬁfﬁgg | Storage s; \ ! imparied o rﬁ?jﬂ’f
: 1, for iy  5cale jy form iy 1 fori;
| scale j; ,lfnrm £ N0 Demand of £,
Transport S "___::'___'_‘___ e Transport
mode ! On-site Del mode
L Tor iy b Df, N\ ) I for iy
) .
"
Transport Transport Ggn
mode mode
‘ ) Imported ; ||TIDOREU \
Ly for tyy ' Demand of iy L for i, | Demand of i, |
. N st o T : pl TR
: : o
> Imported
Transport Transport | Demand of i, |
mode mode || T
bin fOr gy On-sits Demand | b Tor iy { Dn-site Demand |
- B T
b FavUEY A H A8 A4 Superstructure>
P~ & - = = I <
O CSM 7I¥t =83 md f ARRE = £ B9 oo gk A5 7P4d, AAHsE
¢ ) = Ie) ) o ¢ ) =
WA, vgel w3k AL S wPE) AlekRA S el A
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oA g REe el

<3E 3.62. 100%F B R EA] P FAUES A 734 HA s 2dle] [ 4ol
e 4w FAax
. el v (R 7h2, AT, vl 2ol
‘ T AR R E BlopgEe wd A)
{50, 100, 150, 200, 250, 500, 1000,
d o] wj#el W7 (mm)
1500, 2000, 3000, 6000}
{G1, G2, G3, G4, G5,
h ZYAEY FAAFEGIH) v
oo T G6, G7, G8, GY, G10}
b mm A (G, G2, G3, G4, Gb,
g T em s e e G6, G7, G8, G9, G10}
, LAl mEE {(G1-G2), (G1-N3), (G1-G4)
99 ZuA(g)-E2A(g) 27 (G1-G5), ... , (G10-GI)}
{Pathwayl, Pathway2, Pathway3,
i BE T4 o =37 Pathway4, Pathwayb, Pathway6,
Pathway7}
, E=A] 7+ CH2truck/rail ©]43F+=
(51 s o4 2o {Pathway1}
. T Al ZF LH2truck/rail °]%3st=
(2 s o) auAl Ea {Pathway4, Pathway5}
. LAl 7} Pipeline ©]% &= {Pathway?2, Pathway3,
1
’ Tha olFHA =7 Pathway6, Pathway7}
. A W CH2truck o|$38t+=
1y s oAl 2o {Pathwayl, Pathway3}
_ S Al W LH2truck ©]%3t=
(5 s oA %7 {Pathway4, Pathway6}
) = A] W Pipeline ©]%3}+=
i S ol amA 23 {Pathway?2, Pathwayb, Pathway7}
J At QY S A sl A A A o] PR {Small, Medium, Large}
N N {SMR, Coal Gasification, Biomass
P T AATE S :
Gasification, Electrolysis}
{CH2truck, CH2rail, LH2truck,
l Ta o] FHA
LH2rail, Pipeline}
_ . {CH2truck, CHZ2rail, LH2truck,
m T2 9 AR o8 Fa oA

LH2rail}
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3 363.100%F ¥ fE mA] P FAUE A gobH H A o] AL vhebv]E o] Ago>

w2t B Ay 120
A7, A g EAstE A2 Fa A dUAY T unit/day
CCapP™® | ol% W2 =3 2 4FAM Fro] e FHALe A AP kg/day
CCap™, | o5 W4 2§ 2 FHAA FRo BE FHAL A2 A9 P kg/day
cce, ;. ol WA 2F W FEAM FRo B GHFAMY F Exul g $
CRF AR B FAG (ZRAE 7)7F 159, 6% o A& k) -
D] wE(EA)Y] AFE ARAA Fo kg/day
D} EEEAD] BHE dRdA Fa kg/day
DW,, EY, H% o]F9 7| $/hr
FE: EY, dE o]FA =AW &8 9y L/km
FE,! Ef, H% o|$A =A vt ¢33 A L/km
FP, e, A% o|%A A7 714 $/L
GE, =9, A o]4A Aukyheln] & $/day/ ol
Lk ol g 7 A 7k o]HAT km
L, ol el w2 7 =AM =AW o]%7 ¢ km
LUT, EY, 2% o]FA F4 A/ A7 hr
ME,, FH Efdele fA7#Y & $/km/oh
PCap™ AN FF D FR w2 Ho A kg/day
PCapl™® AN BRH R R w2 Ha AN kg/day
PCC AN ER D FR w2 F EAEE $
rLocy, WA e 2 ARA-AGAAL b ol EuH AAH]E $
PLCCE YA WE FaAFA-FeEA 2k olEuly AXu] g $
PLCCE, Yol e ©A U i olsujw AxH g $
POM B A e g o) £ 2 fA e wE %
Qq Mg U 5% Ase] w2 §% A8 kg/day
Q. Fa AAA-AGAD B W Ad e B % A kg/day
Qy AR -FaEA i 0 A el me §F A ke/day
Qn, =AW ool A e mE F% A kg/day
max 7} ol guro] i Al & FF kg/day
Qmin 7} ol gurao] ek A4 HE £ P kg/day
SCap S Agre] 2F 2 AR wE A A4S kg
SCapi" S Agrd FF 2 R wE HAx A% kg
sca;, G Az EF A FR wWE F FAug $
spk EY HE o]FA EA Y £33 £5 km/hr
spf EY HE o|FA kA v £33 £k km/hr
TCap,, Ed, AT o]FA IH(EE 139 F4 ol kg/ol
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5= A W A
e | A RAA-F2AZ A 7+ CH AR FrvEga 99 &
on™ | LG aan awa TDC | ag (/)
G2 A A -2 Q= A 7F CH. o =
repee | TEARE TSN &S Co2P | FaA HA B2 E FHkgCO/d)
we | TREA Yl o]F CHy, EY PN
LCL™™ | o140 & ($/d) CO2C | o) 2 2 (kgCOL/d)
TA A -4 o]'i s y 2= =
pomet | TE AR FEARE O L Co28 | FaA% 3 V2 E S kgCOYA)
b | FAARA-FQEA ZF LH, TA 7F hold: A
coret | EEAE G SR corr | it e
o | 8EA W o]% LH, £9 A ] Feld 2
LOL™™ | o170 8($/d) CO2T" | goeu) % 2 (kgCOW/d)
: [ FUES A AA
LC | AA /ARG AANESD | CO2F | {0 Akacord)
o ANA-FRAG L 7 . ,
MCH | eej/A o) §2) 850 4($/d)
O AA duAY Fu] L FFHE
EPC=3Y]Y(UEC, X AE, )+ ]3> (UEC. X QEN, ,, ;)
e g e 9 g
EIC= Y3 (UIC. <1, )
EpC= Y ""\"N(vDEC, <L, < (QEL, , + QEN,, ;)
e | g ¢
ESC= EPC+ EIC + EDC
O A5k AgA Ao B FApul g
cceT=33333333(CCC, ;< 1C, ;)
P J 7 g
PCCT = ZZZ(PCC XIP, g) (j = Medium, Large)
SCCT= Y3313 (SCC, <15, )
j i g
FCC'= CCCT + PCCT+ SCCT
O Ef/dLolf F FXAHH
™G, < QH, 2x L1
rccl, = EZ( — o4 ng 4 LUT, j (m= CH2truck, CH2rail )
7T\ TMAR X TCap,, SP
H TMC Q g, m,g.g’ 2X L/fjj
7CC.» = = ph +LUT,) (m = LH2truck, LH2rail )
’2 "L 9 TMAHLXTC}IPM S m
TMC, %X QR, ,, ., 2x<LF
TCCk 09 mg.g +LUT,, j (m = CERtruck, CHPrail)
fube ZZX,J ( TMA”X TCap,, sph
TMC, X QR, .. 2x LT
TCCE S ™09 | LUT, j (m= LERtruck, LERrail)
fank ZEZ ( TMA® X TCap, spr
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TMC, <D} 2xLk.
- d( 7 ' + LU Tm) (m= CH2truck)
TMA, X TCap, ~— SP,

T Oc;ﬁlm Z Z Z

TMC, <D 2xL}
TMAL X TCap, =~ SP"

rect, - RS

TcCc= Tect, + roct | + 1CCk, + TCCE | + TCCE, + TCCE

tank

g +LUT,, )J (m = LERtruck)

O A E-oNah-AgA e B FAu G

cocT= Y3V N(UCC, ;% C,4,)
p J v g

POCT =Y 33 (UPC, ; <P, . )
P J g

S. .
SOCT = EZE(USCMX fﬁg)
Jj oty

FOC = COCT + POCT+ S0CT

O EY/HEolF T drHE&

. FP, X QH, . = X2XLI .
FGoe = Xll} ; Xg} ; T Tff < TChp,. J (m= CHRtruck, CH2rail )
H < QH, mqq><2><L7§qq )
FCay, = %3 %} %} ;( FETS < TCap, j (m = LERtruck, LERrail )
R
F ngbe = %} %} Eg] ;[ il i};fmxg ;;;; Lo ] (m= CE2truck, CH2rail )
FP, X QR  X2XL"
F ank ; ; Z E( s nj’? ><g ;Capm o J (m = LERtruck, LERrail)

R = Ty FRHXDZ.quQXLig e
tube LA [ FE;{; < TCbpm j m= CHQtTUCk)
FP, ><DT X2 ><L{g
f(mk 22;%] zg:[ FE’,{; ; Tal J (m = L_H?tT'UCk)

FC:FC;IZZ)S +Fqltjnk+ FCtJZbe +FCZIan+FQibe +FC£€mk

DW,, < QH, . ox LR

m 11777L7g7g m,g, g .
+LUT m = CH2truck, CH2rail
TCup., ( sp! )] ( )

>< ’
( 5 mL,g,g +LUT )j (m = LERtruck, LERrail)

Lt
( 5 mLygyg + LUT )J (m = CHE2truck, CH2rail)




R DW Q iy, g, g 2 ><L'rfg g
LGy, = ZEZZ T i TLUT, ) (m= LERtruck, LERrail)
DW,, < D] 2><LL
= EZE TCap ( L+ LUT,) (m= CH2truck)
iy m g m m
DVV;TL x ir]:ﬂ 2 XLrﬁ g
LGy = ZZZ TCap - -+ LUT,,) (m = LH2truck)
Lomog m m
LC: LCt’[zjbc +ngnk +L0t1;be +LC£§nk +LQ€§AI)€ +LC£nk
O E/ARelS F AARTE
ME, X QH, . . ><2><Lnfgg
ngbe = ZZZE TCip (m= CHtruck, CH2rail )
W om g g m
ME, gy X2XLE
MCIZIZM Z T Chp (m = LERtruck, LERrail)
12 m g m
ME, < QR . . X2XL
M, = ZZZZ Tébp (m= CHRtruck, CH2rail)
Zl m g g m
ME!! Q'RL m,g.g ><2><Llfg g
M ank EZZE TCap (m = LH2truck, LERrail)
ME, <X D! x2xLl
Ciie ZZZ TCap : (m= CH2truck)
ZEZ(ME ><DT ><2><L77ngj : )
ank m = LE2truck
f is m g T@pm
MC: Mq[;be +ngnk +MQJZbe +MC£§nk + MCZZI)(’ + Mclfmk
O Eg/dHLolF F dvtagv] &
GE ,, <QH, , .~ 2xL7
GG = ZEZZ( TMAR TC&M S”; Y LUT, ] (m = CHRtruck, CH2rail)
W om g g m X P,
GEmXQf[izmgg' 2X er
Gq];nk = EZZE TMAR TCh <p Rgg +LUT,) (m = LHtruck, LFR2rail)
i m g g X D
GE , <XQR, , .o 2XL"
GCﬁbf EZZZ[ TMARX TChgg ( P mHg L +LUT,) (m= CH2truck, CH2rail)
wom g g m pm m
>< QR1 m,q,q ZXLR
Gank EZZZ( TMARX TZC'a; > S;Rq 4 +LUT,, j (m = LERtruck, LHRrail )
b m g g
GE i,fg 2><LL
Chie =200, e TIAS Tcép ( i Y LUT)|  (m= CH2truck)
iy mog m m m
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GFE ,, 2x -

GC- De ( ™9 4 LUT )] (m = LERtruck)
ank ZEZ[ TMAEL < TCap,,~ SPE

GC= qulbc + qunk + qube + quaznk + G@ibe + G()trfmk

O E/AEelF

g &

ofj
Mo

T0C= FC+ LC+ MC+ GC

O 7hz=uj g A X H]

op

PLOCT = EZEZ(PLOQZ X Wiligy)

PLCCT" = Y3305 (PLCCE, < Wi, )

iy d g g

PLCCT" = EZE(PLCQIL,Q X Wiﬁd,g)

5 d g

PLCCT= PLCCT"+ PLCCT®+ PLCCT*

O 7haujabd +9 R fFA RS
PLOCT"'= POM x PLCCT"
PLOCT"= POM < PLCCT"
PLOCT"= POM x PLCCT"
PLOCT= PLOCT"+ PLOCT"+ PLOCT"
O FadHL T4 % 2949 &

DCIoff = 3, 3(UDC,* DT, )
i g

DCTonO:ZZZ(PCC XIP, . )  (j= Small)

D:J>9

DCTonO= 33> ¥ (UPC, ;< P, ) (j=Small)

g

DCTon = DCTonCH DCTonO
DCT = DCTon+ DCTof f

ot

O AA vMEA=L dd damEF At

CO2C = ;;;;(UCOZE“ Cpiig)
CO2P = EZZ(UC@P ><P11J!1)
P J g

cos =Y 33 (vcoes <8, )
Jjoitog
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. 2X Ly XD,
cRT =YY | vco! x TCo (m, = CERtruck)

iy my g
[ s 2% L,quDTj
+ Zl:%;zg: veoz,, < TCap,. (m2 = LERtrunk)
ox Ll x(QH., QR .
002]—1}3: Z EZZ(UCOZZ; m,qg,q (Q M, G, g Q z,m,g,g)
i€igi, m g g T&me

CORE = CORC+ CO2P+ COS+ CRT"+ COR T*

e N EEEE R R
0
A&gXAEevg_‘_Eg: QE]V@Q g_QEjVegg E QE[eg g QE](’99>

_EZ ’YP]) pyq v€7g

ZQE oy <AL XAE, +ZQE6” Ve.g

EQEIeyy —I +EQEE’JJ ve.g
g

AE, <1 Ye,g

1 _ T F 2 _ T
D) = zi]Di,ngDg Vg D= i D Vg
L T . T L ; '
Di’Q = C;vg Vl,g Di.,g - Di,g+Di7g v,hg
7 L, h , T, L b :
l)i,g - Di,g+Di,g Vi,9 1)7;7!] = D +D V1,9
D, = D@T;WLQT; Visg D/, D +D Visg
T _ plL I .
Di,g - ‘Z)i,g+‘Z)i,g V%g
O FaAA Alkxd
PT ZZ sy Vg j= Medium, Large
T_ T
Pg _ZQ,g Vg
Z i Vp.j:j= Small

PCapy i X NP, ;, < B, ;, < PApy XNF,;,  Vg.p.j

E g EZ v g Vp,g:j= Medium, Large, jj= Small, Medium, Large

7

NP, g =0 Vpjgip= (Coal Gasi fication, Biomass Gasification), j = (small)
NCLw}g =0 Vpjig:p= (Coal Gasification, Biomass Gasification), j = (small)
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NP . =0

P39
NC;],],? g vpyjuiug p = (EZ@CtOlySiS), ] == (l(ng€)

]Pp7.7'7g =0 Vp,Jj,g:p = (Byproduct)

Vp,j,g:p = (Electrolysis), j (large)

O U AAY AL
EZQ il,g'.g Vig
ZZ D, drisg Vig
CCb, min XNC;)]“] < q;]zq < CCap??XZXNC;“q V' DJsisg

A
XIJZQ’]CIh EEQ 7lhq 7, Vi,h

QHI"™ XH, ) o < QH, ) o < QX XH,,

Vialahag/
Sk = BXZEQ g Vih
5;7]; E Jrish VZ?h
SCap™" X NS, <8, < SCap™™* X NS, ., Y j,i,g
SCopi X NS ;) < 8), = SCapfl?* X NSy, Vjvish
O %A 7 Faol% Atz
leﬂx Lod < Q}%J,g,g’ < Q)ilfllaXXX}zi,l,%g’ Vi,l,g,g/
ngg’ < Y;q Vi,l,g,g
*sz}l,g',g S Zi,g Vi,l,g,g,
Y;g-i-Zi’g <1 Yi,9
O 7] A Akz7l
NCIY7J79_NC;?IIIJ p]7q Vp:jai,g
_ 0 . .
NB, g =NP, 1B, ;,—SDP, V3.9
NS}J(J NS;OL9+IS;1(1 V0,9
0 .
O_SDPP]J_NPPJP Vp,],g

O F4& duAY =4 AFzxA

L,=0 Ve,g:e=(NG), g ="No LNG therminal

g =0 Ve,g:e=(Coal, Biomass), g ="No port’
L,=0 Ve,g:e=(Hect)
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ofy

Aok
X, . < BW, , Vi,l,g,g i = i, Uiyl = (CH2rail, LH2rail)

PN
=

@)
s

XR,,  <RW, . Vilgyg +i=1iUiyl=(CHrail, LH2rail)

O %a A% % olewa zdel Aokzd
XH, ., =0 Vi,l,g,g i =1y, | = (LERtruck, LFRrail, pipeline)
AR, =0 Vi,l,g.g' :i=1,, | = (LERtruck, LH2rail, pipeline)
XH;, s =0 Vi,l,g.g i =1is, | = (CH2truck, CH2rail, LERtruck, LH2rail)
XR) .y =0 Vil,g,g 11 =15 1 = (CH2truck, CH2rail, LERtruck, LHR2rail )
XH,,, =0 Vi,l,g.g i =1,, | = (CH2truck, CH2rail, pipeline)
XR, Lgg =0 Vilg,g i =1, | = (CHRtruck, CH2rail, pipeline )

o}
XH; ilg,g E ird,g,g’ Vivlvgvg, ti=g, [ = (pipeline)
}%199_2 i,d,g,g VZlgv . Zgyl:(pipeline)

DWihay <1 Vidg :i=iy 1= (pipeline)

Z idg.g = 1 Vi,l,g,9 t =g, [ = (pipeline)

Z zdg vialvg:i:i&ZZ (plpellne)
Vig=0 Vi,g:i=1i,Ui
Qn"<V,, < DI < QW <V, Viylg:i=1ig

O ¥ WY Hydraulics ## A=A

QH,,, ;= ;(@tfd,gy < Wi ) Vi,l,g,g i =1y | = (pipeline)
QR ,, = %}(@Bd’g’g/ X Wﬁ,g,g’) Vi,l,g.9 11 =1, | = (pipeline)
QH,, s = ;(@X I/Z’[fmgf) Vi,l,g.g 11 =1, | = (pipeline)
QR ,s =< zd]@dx W) Viyl,gyg 10 =14 | = (pipeline)
D! g%}(@ﬁx wh,) Viylg i =i
Dl < ] (@< W) Vi, lg:i=1ig

CORFE < (specific value, k:gCOz/day)
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4. 1008 ¥ T2 EAS 42 vEYa HH3 25

O Foizxl 4 UESA HAst £A= H48T Aofxdo] dyola A% wget A
T W7 £39 P H 2 Mixed-Integer Linear Programming (MILP) ¢!

O LP(Linear Programming)®t MILPS] H A= 2= & 23} Solver®= <&l 7 CPLEX®E
g MEYa HH3} EAZ ZQdow, CPLEX/F WddE A8 AZEJoZ IBM
ILOG CPLEX Optimization Studio 12.8& A}-&3t

O CPLEXZ A% g HEYA EA9 AFzxd 2 ¥\F: NE FExdS <iE
3.68>, 1)z stst HANE <19 3.38>°] UERY

<& 368 A F FAUEST HASE Al Alekxd B W SA>

G .
Aoz A% | wEAR | Axwes | Optimal
qAE | AE | A%wE o
36,901 15,550 2,970 9,850 118,817 6,507,990 143,398 0.07%

e

[=H2EkE w2EZ

A Gl G2 G3 | G4 | G5 | G6 | G7T | G8 | B9 | GI0 | &4
HF 2] &
Eérd(f 9,129 | 2,444 | 2,209 | 1,643 | 1,250 | 1,070 | 779 219 150 | 1,039 | 19,932
¢°o° 117,764 51,627 | 59,174 | 44,369 | 25,246 | 25,025 | 21,038 | 4,953 | 3,479 | 18,976 |371,651
On-site | (kgHy/d) 0 0 0 0 0 0 0 0 0 0 0




TaFTAs
2= Q9
T
Pathwayl 0 0 0 0 0 0 0 0 0 0 0
Pathway?2 0 0 0 0 0 0 0 0 0 0 0
T~ Pathway3 | 76,355| 0 0 0 0 0 0 0 | 3629 {20,015 100,000
—Ssi1te
AAE 4= Q| Pathway4 | 50,537 | 54,071 | 61,382 | 46,012 | 26,496 | 26,095 | 21,817 | 5172 | 0 0 [291,582
kg/d
(kg/d) Pathways | 0 0 0 0 0 0 0 0 0 0 0
Pathway6 0 0 0 0 0 0 0 0 0 0 0
Pathway7 0 0 0 0 0 0 0 0 0 0 0
Pathwayl 0 0 0 0 0 0 0 0 0 0 0
Pathway2 | 0 0 0 0 0 0 0 0 0 0 0
A ) Pathway3 | 76,355| 0 0 0 0 0 0 0 0 0 76,355
S | Pathway4 | 0 | 0 | o | 0o | o | 0o | 0o | 0o |0 | 0|0
(kg/d) Pathway5 | 0 0 0 0 0 0 0 0 0 0 0
Pathway6 | 0 0 0 0 0 0 0 0 0 0 0
Pathway7 0 0 0 0 0 0 0 0 0 0 0
Pathwayl 0 0 0 0 0 0 0 0 0 0 0
Pathway?2 0 0 0 0 0 0 0 0 0 0 0
B =4 Pathway3 | 0 0 0 0 0 0 0 0 | 3629 |20,015 23,645
Ag)f{_it; Pathway4 | 50,537 | 54,071 | 61,382 | 46,012 | 26,496 | 26,095 | 21,817 | 5,172 | 0 0 [291,582
ke/d) | pothways | 0 0 0 0 0 0 0 0 0 0 0
Pathway6 | 0 0 0 0 0 0 0 0 0 0 0
Pathway7 0 0 0 0 0 0 0 0 0 0 0
<HE 370. THHFTD Fa AL Bl a2 UEYA A5 vE Ay 2ok
] H| & dd H & FeH & H] & e
$) == ($/d) ($/d) ($/kgH>) (%)
= dd ¥ 3,724,842 3,724,842 9512 100.00 -
AU A Y Full/LE5H] & 888,736 888,736 2.270 2386 | 23.86 | 49714 2 #uegn e
AAEAI D T 2H] 553,966,276 151,772 0.388 4.07 68 On-site F4%d4 H4 %3
AR 2 H] 171,434 171,434 0.438 4.60 : On-site £4FA 4 1§ %3
5 WA A T A 697,710,640 191,154 0.488 513 15.19 -
o= WZFA| A 2 374,696 374,696 0.957 10.06 - -
A A FA 817,648,452 224,013 0.572 601 | 1000 Off-site FHFF4
Az 149,269 149,269 0.381 4.01 ' Off-site THFT2%
Eg/dEolF FAH 55,739,714 15,271 0.039 041 | ., [ ¥ Mg A9
EE/H ol x4y 67,301 67,301 0.173 182 | 7 v B8 A ¢
Hl v 21 131,805,328 36,111 0.092 097 | | 14 -
W Y A B 7,222 7,222 0.018 0.19 : -
FarFEAL E HE 1,447,364 1,447,364 3.696 38.86 | 38.86 [HHE dAmAA HL A9

A7 < TR EA] Al A2 (kgHy/d)
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A Gl G2 G3 G4 G5 G6 G7 G8 G9 | G10 | &4
vz 8
E,kdoo 9,129 | 2,444 | 2,209 | 1,643 | 1,250 | 1,070 | 779 | 219 | 150 | 1,039 | 19,931
;‘k‘j& (kgHy/d)
#’oo 117,764| 51,627 | 59,174 | 44,369 | 25,246 | 25,025 | 21,038 | 4,953 | 3,479 | 18,976 |371,651
On-site
#ifxdi (kgHo/d) 0 0 0 0 0 0 2000 | 0 0 500 | 2,500
=9q
Pathwayl | 0 0 0 [46,012 26,49 | 26,095 | 0 0 0 0 ]98603
Pathway2 | 0 0 0 0 0 0 0 0 0 0 0
) 0 0 0 0 0 0
Off—site Pathway3 0 0 0 0 0
AAF 5= Q| Pathway4 [126,893] 54,071 | 61,382 | 0 0 0 [19817] 5172 | 3,629 | 19,515 (290,479
(kg/d) Pathway5 | 0 0 0 0 0 0 0 0 0 0 0
Pathway6 0 0 0 0 0 0 0 0 0 0 0
Pathway7 0 0 0 0 0 0 0 0 0 0 0
Pathwayl | 0 0 0 0 [2649% | 0 0 0 0 0 |26,49
Pathway?2 0 0 0 0 0 0 0 0 0 0 0
w4 g |Pathway3 | 0 0 0 0 0 0 0 0 0 0 0
é)g—s%t; Pathway4 [126,893| 0 0 0 0 0 0 0 [3629| 0 (130,522
(ke/d) | pathways | 0 0 0 0 0 0 0 0 0 0 0
Pathway6 0 0 0 0 0 0 0 0 0 0
Pathway7 0 0 0 0 0 0 0 0 0 0 0
Pathwayl | 0 0 0 [46012] 0 [2609| 0 0 0 0 |72107
Pathway?2 0 0 0 0 0 0 0 0 0 0 0
B} =A] | Pathway3| 0 0 0 0 0 0 0 0 0 0 0
Off-site
MA@ | Pathway4 | 0 [54,071|61,382| 0 0 0 [19817| 5172 | 0 |19,515 [159,957
(kg/d)
Pathway5 | 0 0 0 0 0 0 0 0 0 0 0
Pathway6 | 0 0 0 0 0 0 0 0 0 0 0
Pathway7 0 0 0 0 0 0 0 0 0 0 0
<E 375 AR A ARAE B F4 UESA HHs v A3 ek
T H] & dd H & FeH & H] & H)
$) == ($/d) ($/d) ($/kgHy) (%)
= dd vE 4,078,938 4,078,938 10.417 100.00 -

AUA Y Full /508 890,846 890,846 2.975 2184 | 21.84 | 59714 2 s =9
AAEA D T A ] 553,966,276 151,772 0.383 3.72 cgp |Onsite FEFAL Ve 2T
XA D 2 h] 170,339 170,339 0.435 4.18 Y |on-site #2FHL N4 T3

5 WA A T AR 714,451,472 195,740 0.500 4.80 " -
= WZhA A ZYn 380,000 380,000 0.970 9.32 ' -
A A A Tz 1,435,561,549 393,305 1.004 9.64 1785 Off-site &3 5%
AAFA D 2] 334,603 334,603 0.854 8.20 ' Off-site &34
Eg/dxold FxbH] 62,303,487 17,069 0.044 0.42 043 v 88 A9
Egf/AEolF =YY 82,240 82,240 0.210 2.02 ' v v & 79
T EU R R =PARE)! 0 0 0.000 0.00 0 -
ul) T -] 1G] 0 0 0.000 0.00 -
FarFEAL Z HE 1,463,024 1,463,024 3.736 35.87 | 35.87 A& AmAA HE A9
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9 Fa Age 2l Fa E L] A

sk A A H A >

A A
A7 & T8 L=PN A A A (kgHy/d)
HA7FAN A 2R 22k A 4 2,000
AA7F~RA 2Tt R A7 % LA 1 500
AA7r =) A SR A& E A 1 150,000
HA7L=7 A FI R o] A 349 A] 1 98,603
AA7 =M A I E 9= AAkA] 1 140,479
A= 4 A3l
Conditioning e EA] AT | A2 FkgHy/d) o] &
= T 5 o] A =3 S A 1 98,603 =EuEgdy
ol 3} I A& EH A 1 150,000 B E Y
ol 3} TR G E AAEA] 1 140,479 B E g
G EA
EA] 2 o]l | A U o]F EA] Al 4 A3 =F(kg)
ol sl e 7] E ol 5l e 7 E 2 22k A 2 198,165 LH;
ol 5l e A E A3l e) 7 E A= o A 1 51,719 LH,
N sle) A E ol 3} e 7 E 2 FAEE ALEA 1 36,292 LH-
NslE) A E ol 3l e A E AT TUA 2 195,154 LH;
FHAE A} EnEygdy o] 33 A 1 460,118 CH,
ZA Y AL | FREY A o A g A 1 264,961 CH,
FHRAEAYE | FHEYIY FFG A 1 260,948 CH,
A sl ey 7 E ol 3} e 7 E 2 A& E A 2 1,268,929 LH,
ol 5l e 7 E ANl AE KAk A 1 540,709 LH,
ol sl e A E sl e) 7 E 2 01 H o A 1 613,324 LH,
3,890,319
<3 377 2 A wd £ HES A olsuA HA >
EA] ZF o] %
TaEA TREA o|E o] <% #F(kgHy/d)
A e A 3 A TR A=A 46,012
FTF A FRAHEA 26,095
F kg A ol 5l e 7] E 2 30,964
Q13 F A ol sl e 7] E 2 61,382
FAEE AAA] 2k A ol sl e 7] E 19,817
At E of A e A E 5172
A7 A A se 7 EH 19,515
A5 A HAEsg o A Nsled 7 H = 23,107
gk Al 232,064

A 7o HEYZL] U A

2 BF AH0>

9 JdqUA YA FH
of L =] ¢ TUEA T Fkg/d)
HJA Tt~ ol ] 3o A 1,506,792
TA 2 oA o]

o =< FTHEA TREA o] & ZF(kg/d)
HA7p2 Q1 33 A AEE5EA 576,900
HA7p~ Q13339 A o] 33 S A 379,226
HA7F~ Q13339 A S AhE A A 8,306
HA7p~ Q13339 A TAHE AAHA] 540,283
ki Q1% F S A 7% T UA 2,076
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Node{city}

Medium
Q Normal city SMR

O City with byprodact H, ’
O City with on-site %

refueling station

Transportation

——» Regional CH, truck
................ + Local CH;, truck
_____ » Regional CH, rail

——— Regional LH, truck
\

................ -+ Lecal LH, truck o

————— » Regional LH2 rail

———» Regional CH, pipeline
................ + Local CH, pipeline

<29 339, 2030d AlyEleclM SEHTE AL Bl Fa

Node(city}

O Normat city

Q City with byproduct H,

O City with on-site &%’

refueling station

Transportation

Regional CH, truck
tocal CH, truck
Regional CH, rail

——» Regional LH, truck
................ + Local LH, truck
----- » Regional LH2 rail

Regional CH; pipeline
tocal CH, pipeline

Energy Source Flow

- Natural gas
=) Coal
mmm) Biomass
‘ Electricity

Symbols

i%’ Energy source import
i . )
Off-site production plant
(TIrn cn, Storage

P
M‘IW LH, Storage

ﬁ Demand

Energy Source Flow

- Matural gas
‘ Coal
mmm) Biomass
‘ Electricity

Symbols

% Energy source import
I . )
Off-site production plant
{TF7 o, Storage

bﬁ@“ﬁ LH, Storage

QTE Demand

<Z2¥ 340, 2030 AluE] QoA EAE A Rl FAUEYA FHA 2ofE>
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Total Levelized Cost [$/kgHa]

<1% 341, CSM(CHyLH), DSM(CHyLHy Y E$=L &

18.000 I I I
»
17.000 \,, — & —DSM, only CH2 - @ = DSM, with LH2 —
\
X
16000 Wy CSM, only CH2 CSM, with LH2
LY
15.000 X
A
\ A
14.000 .
L9 Y
"N
13.000 - -
A
W
12.000 -
11.000 e
10.000 e
= = e A
= k- __
9.000 —— i =
%000 | | |
1% 5% 10% 15% 20% 30% 409 50%
(0.3%6) (1.5%5) (3.0%) (4.5%) (6.0%6) (995) (129 (15%¢6)

13,000

FCEV Market Penetration

{Power Generation Fuel cell Market Penetration)

o

. 13,130 ? ?

o Faz7hl UiE sl

of

TH]-& Wl

L mABHIE = HEHIE  «OlSHIR = AHAHIE

My 1o 4y o

1 (3 AHAMH| 8 L IEH|8 T3l QF&/H3t U8 S 0|4H| 80 )
12.0p : 10.161 E : : f 3 3
11,000 / : : 9,512 ; ; : ; :
< 10:000 a0 : 8.715 ' 8522
5 2000 : : : : ' :
< 5000 : 2% | 37%: | L2l |
R - ThICEE TS 0 e 0 SS90 e
aa 7.000 :
T 6000 E 15%:
1 : o 1.768 | BET-1"
Ho 5000 i i | 16%:' 3
ET_‘ZLOGU 3%.. 10%
ol 3000 6% ——
2:.000 : : . EE :
23,000 7 55 1 19% | EEEEE 32% | W 3% 3% : >
0000 @FcEV1% | @FCEVS% OGFCEV10% @FCEV15% & ®FCEV20%  ® FCEV 30%
HHE 03% @ WHE15% @ WHE3% BRI 4.5% SR 6% | WHE 9%
<adY 342, A MEHZ Zdo] Fa Tt it G FFrE W igs 24>
oh 100%F W qFE A ] AR A
O 100%F ¥ & =A] T ASEEAS} A7e S99 FF Bakg 40 AFA Y
BRI, 2y AeEEAe A¢ eyt U =3 gy 4 AFS g
NE FwI Fo] FREA Fovzg FuAoa ALstux g AF7I= FUA
BH5e <a9 342>9 e A7 YA A AFA TRAE <29 343>9)
o
=
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4
¢

A
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71l M 13

i

1

Mo

714

1 15bar(

3

o X

. Thar

SR

Ho

W e 27 &4
W ge

: KSD 3562 50A-SCH40(A106-PLP)

O sk, A gtul
O xA7] UHF W

: body SUS 316L / Diaphragm SUS 316L

AP

AP

99.99% Hydrogen

Petrochemical

Fuel cell

2nd regulator

1st Regulator

complex

(0.5 bar)

(7 bar)
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Long pipe
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H2 _Fuelcell

Y 349, A Fh FAxe T 2
Material Streams
H2 1 H2 2 H2 3 H2 4 H2 Fuelcell
Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.0000
Temperature C 20.00 20.00 20.00 19.97 19.94
Pressure bar 15.00 1472 14.72 7000 0.5004
Molar How kgmole/h 12.40 1240 12.40 1240 1240
Mass Fow kg/h 25.00 25.00 25.00 25.00 2500
Liquid Volume Flow | m3/h 03579 03579 03579 03579 0.3579
Heat Flow kW 04954 | (14954 | -0495¢ | 04954 -0 4954
9 350, AE F4 %9 HMB

O WAt ARZA A% 2

o] £1& 7HAL

o

N[ o oo
[» =

OE.‘(Z

EEEENR
O o2
£>
y 22l
Py oxow
325:

2 & o o

=
=

. @4 350bar HAE

==
=
=
=
=
al

7t 100bar
700bar( A 9k} =)
1 15T
© < 20m/s

s
. I
,/J:
=

17H, Brine Cooler system 17}

O Tube trailer ¢} High Pressure Storage Z%-E]9] F4AE 700 bar & & ZFdo] ALg
ZY oA SAEA gormg AAAOF Mid/Low Pressure

oFr O

5.

Storage ZHFH< 352 EA|5HA

SEERERE

o =] [e]
= FAE

[kl N
[k

= 4

b

T4 AEEE 20m/s °3H=
H

A3,

i
32
o

™, o= ¥}o
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1/2_STD_1 118_STD_1

Y, s — - e —
H2.10 H2_10.1 H2_15 H2 151 ARSTD.2
il S
Tube_Trailer Q_COMP H2_16 VAL 7000ar H2_17 - Coongﬁ?()()bal
ugstn2  Compressor 118_STD_3 L i
p— Priority =
igh ! H2_1_1VEAL]1 H2 12 J— Hg_1 1Pane! Brine_Out
[ glr;sas;;e 1/8_STD 4 - 1/8_STD.5 Brine_In2
=l = -
o H24 H2 41 H2.13 1 38 STD 1
g‘rlgssure b e o -
== —
Storage 1/8.STD_6 118_STD_7 H2 18 H2_19 H2.19.1 H2_350b
PO e Y VAL B0k PRE_COOLER2
ow 127 Wy, HM H2 14.1
Pressure - Priority =
Storage Panel 2 Brine_Qut2

O #& FAzNA AFIHE FAA F
1

obel 1%
T ©

AL A717] 9% 27 T00bar, 15CE wH3| o}

Unit H2_1  H2.4 H2_7 H2_10 H2_12 H2_13 H2_14 H2_15 H2_16
\Y%
apour 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10 10
Temperatu - 122.2 25.0 25.0 25.0 122.3 25.0 250 389.8 255.9
Pressure  |bar 940.0  420.0 420.0 100.0 938.8 419.3 419.3 939.9 938.1
Molar Flow| kgmole/n | 12.4 12.4 12.4 12.4 12.4 12.4 124 12.4 248
Unit H2_17 H2_18 H2_19 Brine_In Brine_Out Brine_In2 B(l;iunt%‘ sz‘:;so HZb_a7rOO
Vapour 10 10 1.0 0.0 0.0 0.0 00 10 10
Fraction
t
Temfjra Y 070.7 25.1 28.9 -40.0 -15.0 -40.0 -150 159 152
Pressure |bar 700.0 419.1 350.0 700.0 699.5 700.0 699.5 349.2 699.3
Molar Flow| kgmole/h | 24.8 24.8 24.8 90.4 90.4 5.0 50 248 248
H2_19_
Uit |[H2_1.1 H2.4.1 H2.7.1 H2.10.1 H2.12.1 Hz.13.1 M2 l4-H2 IS H217- 1
Vapour 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10 1.0 1.0
Fraction
T
emf:rat” 122.2 25.0 25.0 25.0 122.3 25.1 25.1 389.9 270.7  28.9
Pressure |bar 939.3 419.8 419.8 99.9 938.1 419.1 419.1 938.9 699.8  349.7
Molar Flow| kgmole/h | 12.4 12.4 12.4 12.4 12.4 12.4 12.4 124 248 248
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Table 5.1

Explosion properties of lammable gases and vapours in air at atmospheric

conditions
gas or flammability aute-ignition maximum heat of
vapour limits" temperature | laminarburning | combustion 2)

velocity
(vol.%) (©) (mis) (MJI/m?)

methane 5.0-( 9.5)-15.0 595 0.448 3.23
ethane 3.0 5.6)-15.5 515 0.476 3.39
propane 2.1+ 4.0)- 95 470 0.464 3.46
ethene 2.8+ 6.5)-28.6 425 0.735 3.64
butane 1.3+ 3.1)- 85 365 0.449 3.48
propene 2.0 44)-11.0 455 0.512 3.59
hydrogen 4.0-{29.5)-75.6 560 3.25 3.01
cyclohexane 1.2+ 2.3)- 8.3 260 0.440 3.85

a9 352 4t @alga Bde 54

O WMHPL o] 43 AFE FaFALe FF 2L TN A 4§ FHARA L
Edel)l HYSYSE ol&3dte] h=/ash/mia/¥7 5o #ARLdS Algdold &

O <3 380> AAT wiawdel sl &4 EL000kPa v, 3875 91(0.3m/s
o4, 30m/s M¥hel sFet=A SAste] 3144 Holw Segmentd] T o
4geg 4ed

O <& 381>% 7iPUuel S4Lwad WAE ol 2 Arlne) £2 Fa
mde] AgwF AEF

O <3 382> Sh=71¢k Wz7]e] 2xnsts Yed. o= o Artd e HHsiado
AR dETH wds vEsn WAvE A% gEende vng £ mdo 3
S =3

¥ 380. F2Fd4 FA D] Hydraulics

Pipe uj #f Hjj 24 o] dHEL B W FE| e =3
Segment (mm) (m (kPa) (m/s) 18 23t
1/2_STD_1 18.57 100 6.43 3.365 X
1/8_.STD_1 8.56 100 92.20 4.431 X
1/8_.STD_2 8.56 100 70.17 3.072 X
1/8_STD_4 11.48 100 22.04 2.512 X
1/8_STD_6 11.48 100 22.04 2.512 X
1/8_.STD_3 8.56 100 70.24 3.075 X
1/8_.STD_5 11.48 100 22.08 2.516 X
1/8_.STD_7 11.48 100 22.08 2.516 X
3/8_.STD_2 14.83 100 24.47 3.202 X
3/8_STD_1 14.83 100 26.34 3.518 X

AT [=1 - (¢EEE 9 75 3889 23 Segment F7)/(A A Segment )] 100%
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X
100%

84.6
98.7
94.5
95%

0.03
0.03
0.03
14.74
3.84

15.20
15.87

122.25
25.04
20.04

270.69
28.90

25.05

122.22
25.01
256.01

15.00

W oAA B AT EAv} o) FelA

255.95

0.090
0.132
0.132
0.220
0.265

—

HYSYS
AR
(kW)

oL
[¢}

41.83

25
25
25
50
50

1 - (38x =3 253174 Valve 5)/(AA Valve )]

50.00

50.00

50.00
6905.88

= [

al

3

VAL_1
VAL_2
VAL_3

VAL_700bar] 23809.59

VAL_350bar

=
oI o0
= <p)
B
)
—5l—5
s NENE
. NSNS
) TR |0

]

G& A A4 484 F5

1.

—

oy

ol
M

7o
oo
T

)

—~
fite)

2

A gk,

shaf vt

=
T

}

0
yal

= AH =
AbaLE QIR

A

ol A

&

/\O]—

w7 glow

=
=

S

whg Aol

.

A Fhmol7] WEe] Gavtae] Az, A, ol

ojut A2 3 ol M

InN

ol

R

N

gl glofA of

1A (Explosive limit),

5

e

)
&

o

=N
[}

¢13} 4 (Flash point), &

(Auto Ignition Point, AIT), & A4k % = (Minimum Oxygen Concentration, MOC),

Adbglo Y X (Minimum Ignition Energy, MIE), 4<% (Heat of Combustion)
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O A AR oAyA ] ALRHI T2 o744 vt ofyet mA o rE £2 ARS H]
T AASAL A 53], FhE w22 SUVIYeR il A ®H &Hk A Ak HE
HAFdol weh dadnie] Az g2 ARl ol L= YE A& mE =2
Hgo] Agd. ol F8 olfz Q] IulolME FAE M SpEAEA W
S S5 s dF AMEstE &k Qo AA, A AREEA eFar dow Udnk oy
Ao w ARG sliA =l Ay A] AT 7]]lo]l Favd dAget S 1
g ol A+

<E AL A, " aga Ed e A A vla>

Properties Hydrogen Methane Petrol
Ignition limits in air (vol%) 4-75 5.3-15 1.0-7.6
Detonation limits in air (vol%) 13-65 6.3-13.5 1.1-3.3
Minimum ignition energy in air(mlJ) 0.02 0.29 0.24
Heat of combustion (kJ/g) 120 50 44.5
Self-ignition temperature (C) 585 540 228-501
Flame temperature (C) 2,045 1,875 2,200
Theoretical explosion energy (kgTNT/m') 2.02 7.03 44.22
Diffusion coefficient in air (cm’/s) 0.61 0.16 0.05

O olg] A3E=2 3, sruldA TAE F4h Aas dagdoz A 4 BAEo] o
Elulo] 23} HA] ki ¢lS. o]o] Pacific Northwest National Laboratory(®] =)ol A <
ot Sle= A AR B oolFdd Ml SolA @AdE Abal dlo]EfHo] A4l
Hydrogen Incident Reporting Database(HIRD)ES E3] T8 4 ALIAH S XA - &
A sk
=

O A HAHE AlRE 7gro g ALl y) o u ) Ao e g N
ot obF ZHAQ A2 WWd. HIRDE & fl8) 759 Fara 43 doly
wlol~2 19471(2011.5.16.¢ 71).9] Atare] dis] 71 Eskar 9l i

o] =A%

Frshs Ao

15 7ke) Abaol a7t 2.
o

it
9
hv)
(o
=
s
o,
AL
in,
2
3o

=]

AnANE A, A a3 AR FRehe] Ly
28]

EEEEER
>~

s FANA AHY Ak Al g AFT & YRS meS
Wb g2 AA G g Ane MRS 47 5T & AES F
B tolEol A= FRACRE AlE.
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Percentage (%)
o — (] [ 5] L L
=] A (=] i o LV

LA

oI I I I I

Management Designerror  Technical ~ Maintenance Operator error

<18 42. HIRDY F8 Abar 32710 thak Aol 24>

)
T

S 7lHto g Aol e 144 Yoy 2314 ddog e o
st A3} <3 42> 9} o] v

<HE 42 F2 A9 1x 2 234 gol BA>

o

Abar el 12H8 A1 (%) 22138 A1 (%) A 7oA =
23.5 9.8 33.3
9.8 13.7 23.5
13.7 2.0 15.7
13.7 2.0 15.7
2.0 9.8 11.8
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WA A 71T}, ol <19 48>
A3E yYEA Event Sequece

<3 4.4. H2/LNG/LPG®] dA&54>

Item

Hydrogen LNG LPG

Heat of Combustion(kJ/kg)

144,000 56,000 50,000

@)
e

i

A 79
=]

Laboratories)oll &l 3

= 1.62x10-62.2 AALE AL

GE9 s e

T 12 ASd7lel A 22 A7l A2y

B
= WX+ 155x10-5(HYRAM, SANDIA National
FEE QI BwE fold

<E AS>E EUAaL FEWEE AAkelr] 93 A3

0] =

Az FAARLL FEHIE

<% 45 FEE wE HsgdE>
Hydrogen Release Rate(kg/s) Immediate .I.gnition Delay Igfli.tion
Probability Probability
< 0.125 0.008 0.004
0.125 - 6.25 0.053 0.027
< 6.25 0.230 0.120

<1

48. FAaTE wrE A 71E3 AlaA Y] & ESD(Event Sequence Diagram)>
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= [ Population Night Resutt grid
P 1085 25.00

[ 25005000

[ 50.00 - 75.00
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B 10000 - 125.00
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B4 Poputation Day Resut grid
P 10852500
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B 75.00 - 100.00
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4] Population Night Resut grid
P 1065 - 25.00

B 2500 - 50.00
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B 10000 - 125.00

B 12500 - 150.00
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B4 Population Day Resut grid
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Frequency [/vear]
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AeHor 7 AW SaAYAN el g AFH A9Y e 9T 409 A
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FAashA 2@ Zdbof 9%k oA @ A|HEEo] W= JEr|FS CCPS9 Guidelines for
Chemical Process Quantitative Risk Analysis oA A AlstE= 7|5 A&t on of

B <28 420, 21>3} e

TABLE 2.35. Effects of Thermal Radiation (World Bank, 1985)

Radiation intensity
(kW/m?) Observed effect
375 Sufficient o cause damage to process cquipment
25 Minimum energy required to ignite wood at indefinitely long exposures
(nonpiloted)
125 Minimum encrgy required for piloted ignition of wood, melting of plastic
rubing
95 Pain threshold reached after 8 sec; second degree burns after 20 see
4 Sufficient 1o cause pain to personnel if unable to reach cover within 20 5.
however blistering of the skin (second degree burns) is likely; 0% lethality
1.6 Will cause no discomfort for long exposure

<9 4.20. Aol o7t BALE v dF V= >
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TABLE 2.18a. Damage estimates for commaon structures based on overpressure
[Clancey, 1972). These values should only be used for approximate estimates.

Pressure
psig kPa Damage

0.02 0.14 Annoying noise (137 dB if of low frequency 10-15 Hz)

0.03 0.21 Occasional breaking of large glass windows already under strain

0.04 0.28 Loud noisc (143 dB), sonic boom, glass failure

0.1 0.69 Breakage of small windows under strain

0.15 1.03 Typical pressure for glass breakage

0.3 2.07 “Safe distance” (probability 0.95 of no serious damage below this value);
projectile limit; some damage to house ceilings; 10% window glass broken

04 2.76 Limited minor structural damage

05-1.0 | 3469 Large and small windows usually shattered; occasional damage to
window frames

0.7 4.8 Minor damage to house structures

1.0 6.9 Partial demolition of houses, made uninhabitable

1-2 6.9-13.8 | Corrugated asbestos shattered; corrugated steel or aluminum panels,

fastenings fail, followed by buckling; wood panels (standard housing)
fastenings fail, panels blown in

1.3 9.0 Steel frame of clad building slightly distorted

2 13.8 Partial collapse of walls and roofs of houses

2-3 13.8-20.7 | Concrete or cinder block walls, not reinforced, shattered

23 15.8 Lower limit of serious structural damage

25 17.2 50% destructionof brickwork of houses

3 20.7 Heavy machines (3000 Ib) in industrial building suffered little
damage; steel frame building distorted and pulled away from foundations

34 20.7-27.6 | Frameless, self-framing steel panel building demolished; rupture of oil
storage tanks

4 27.6 Cladding of light industrial buildings ruptured

5 345 Wooden utility poles snapped; tall hydraulic press (40,000 Ib) in building
slightly damaged

57 34.5-48.2 | Nearly complete destruction of houses

7 48.2 Loaded train wagons overturned

7-8 48.2-55.1 | Brick panels, 8-12 inches thick, not reinforced,fail by shearing or flexure

9 62.0 Loaded train boxcars completely demolished

10 68.9 Probable total destruction of buildings; heavy machine tools (7000 Ib)

moved and badly damaged; very heavy machine tools (12,000 Ib) survive

300 2068 Limit of crater lip

<19 4.21. Fgo] ok Faer g V&>
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Road

B Opcrating room

<9 422, JITFEREAEFE)>

<E 45 7t Al g ATEEHFE)>

Daytime data Nighttime data
) Fraction ) Fraction
Population Population
Indoors Indoors
Roadl
500 1 700 1
(expressway)
Road 2 235 0.6 350 0.9
Town 30 0.5 30 0.8
Operating room 1 1 1 0
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Post-processor

h 4
Policies & Practices

*TILLL

H2 System
Definition
Hazard R R P R R R R T PR R N R N RN R R R R N R E R R
Identification |* : '
. - ¥
,_‘;'_W : 3D Geometrv import
Scenarios : r
selection : H
: : - ¥
¥ \d - v "
. Scenario generation
............................ Consequence Frequency : y
analysis analvsis 5 H
: : = . ¥
L L 4 Rick : Scenario selection
Jet fire ‘ | Explosion estimation H
R RS : S— i
Toctaal Ov E Pre-processor
radiation veLpressure : e
H i : :
Overpressure : ¥
Flame contact :
A table = H v
. harm i ¥ ' CFD Solving
W . : .
Thesmalh Furtherrisk | & : :
ermal Narm reducing measures ALARP § ¥
S

- Risk Communication

- Emergency Preparedness
- Emergency response
To analyze, assessing and
controlling risk

Effect analysis

<ad 428 748 AR B aw Al HAstE QRA dagE>

O <9 428>+ 423" A 9 I35 A9 QRAE 8 HAs e dugsoe=z &
AFstAl 7idkel wdyl HANGA G SHCFD) RES AASGORN AR FiA AF
2 e Al AL 3 = A T3 AMFAIYGS(CFD) o9 dugEe dAg
A 7] Rds g8 & 4 Qlo] At ddtel wet IS A s myedos Y|
A Axk"E Ay o e ALe AXFAGSHCFD) WHE Adxog A4
st ¢ e wEbA, o3 duglEe 7|9 QRAY W AFASE FAE ¢ U=
A Mg HAsE 7y 7S 483 Ads QRA 29 E =EE T e

O TaAFd A AFEE X3 ot W= ZA AP A 5 (Risk Index)2} 71914
93 (Individual Risk) 183 A}3] % €& (Societal Risk) FEHZ 8 & 9&. 93

Z4*(Risk Index):= &

7H 14
ek

are e

¥ (Individual Risk)S Aol d3kd o] g Al 43S udsta
9]8 (Societal Risk)olAlE Abare] 33 o] = AFd wxe= 93a4S

<=3t F Al (Presentation) S A8l sl oA = = FolH

FAFA TR 12704 Wol Qo obdle] AR 12744 9]

A EE £AH wge A9 ARy

(Individual Risk Contour)¥} A}3]Z4 €& =r4(Societal Risk Curve) & F-N Curve’}

3}1\ ]—/]_1)3).
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m 9] A4 (Risk Indices)
Fatal Accident Rate
Individual Hazard Index
Average Rate of Death
Mortality Index or Number

Equivalent Social Cost Index or Loss Index

m JfAA 9]¥ A (Individual Risk)
Individual Risk Contour
Individual Risk Profile
Maximum Individual Risk
Average Individual Risk (Based on Exposed Population)
Average Individual Risk (Based on Total Population)

m AS]H 913 A (Societal Risk)
Societal Risk Curve (F-N Curve)
- Average Societal Risk

Mel# 918 =AM (Individual Risk Contour)< 70Q1A Aol g% EX
gt =, Contourt 7l%e] s1& G = A& 9= o]

]
AeA 54 o s e 7 e Ao O =S FA9

A JHJdA YA (Maximum Individual Risk)e =59 Alg FollA 7%
Ao ==9 Jfele] RS ok dwha o2 Maximum RiskEs #
g Addete 244 e A9 god, 54 Abae A9 /1A

[e]
FHlo] Maximum RiskE ®HS 71 98

(Tono

Ao wE:d JAFE 7Ivtez 3 JiAA ¥ Hif(Average Individual Risk
(Based on Exposed Population))& @A ==9 <l (o, A% Yo = A,
Maximum Risk Zoneoll = AWk Hir S AArst AL oy ddde
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O 34 7FsAt 2 =2A ] wE i1 AgAde] Hat
Risk(Exposed time/Operating time))> AA 1W< oA EsAtS EU=
ALt AT dE =0, 2HATE AFAE =N XS Adstar A
oAl TAIZES ZFsgd A YPAEE FHoA Y AdEAde Ht gl 8uj7t
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180 bar tube trailer Precostes Liquid H, tanker truck Precovler

(-40°C) (-40°C)

Chiller Chiller

| 700 bar, 80°C Priority
Panel

400 bar
High bank storage
(400 bar, 765 L)
Mid bank storage - Mid®
(400 bar, 765 L) Hydrogen bus .
. . 700 bar — 700 bar
Low bank storage Eg ——— Low bank storage V-

(400 bar, 1000 L) Hydrogen car (400 bar, 1000 L) Hydrogen car

Dispenser Dispenser Incﬂmpaﬁb‘e

<Y 68 AR 92 F4h TaUAS 7E 24 7He] 534 oAl (FHBEA; 18
E

1T = T O
tube trail &9, ($)BEA]] DEA|ZXE dAi4ik BAEHOR 425 FFstE 49>
gt o2 HSC 745 S8 |A AAE oo & AgdEL2 v 2o

B Type of problem: location, allocation, routing, location—allocation, location routing
Bl Planning level considering the strategic, tactical, or operational aspects

B Temporal dimension (static or dynamic)

B Type of data (deterministic, stochastic)

B Type of approach (optimization, simulation)

B Time horizon (short, medium, or long term)

B Geographic dimension according to the problem definition

el Al th&= HSCe #H A3l Hixel wel Location-allocation &4 eje] 384
AW deolEl o] AHES AYstAtHAdE AlA). 9 53 9o Al destet
] & gl

rgoric
L)
2

L
i)

7] 918 93 dolee BAANS neleh 2i, AHE Fue A4 FaFEAee Az
g9 gAY EAE B Hases GEAREE T

45 5 VEND AH8 mde

TaTaAE HAHst TA9 Eolv XS Location-allocation A %219 Superstructure
optimization "5 WETE Superstructures R EAlstE R A4 7ted FES A
A XV* o, ¥yl o 4% & YEd AS= Superstructure®] 725 G2 3}5}o]
FH F HA3} Rd=2 7ED ¢ U5
I

rossmann(2000)2 Superstructure 4 3} W

n:E
[UO

= UesH 2 =2 A

B Define a superstructure: the set of all possible connections in a network
B Formulate a mathematical model

B Resolution of the model to determine optimal solutions
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Linear formulation (LP) Ex) MILP formulation
| Linear formulation }—[: L

Mixed-integer linear programming (MILP) minimize cx +dy

| Nonlinear formulation li

| Dynamic programming |

subjectto Ax+By =b
LB <x <UB
y={012..}

» Deterministic methods

Stochastic methods

<219 6.9. Superstructure & 3}e] 213 7>

Superstructure®]  FZo wEtA 84 wde  Tinear problem(LP), Nonlinear
problem(NLP), Mixed-Integer problem(MIP), Mixed-integer nonlinear problem(MINLP) &
A7 A G2 Ul FaAkE FACdA S 2 Arle] SR 9 A7) 55 Y 2 x3eke
A7 HAetE 2 B (Integer) 7t EFE FEjo] Rdlo]l HAadk 7z Ad

|
(Governing equation) H+= H|-&A4F&2] Fo] v e]7] djito] MINLP Edo] I

g @ s}, =
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A, webA Ry vAPAES d¥std FHE wseyE MILP 29s ARgshs Ao
By
A ¢ksl= Superstructure ol A 7153 A4 AU A PSS HAVLA AE vlolowj s
2 HGEd. WiVl 47 374, s, dA71Es 7 o -’F?ﬂ MEaL A 7t

A 9o RV} 73 (Small, Medium, Large). 7} 23842 7|4 02 AR ALk
Brlsstrg ¥ 7FA FR7F 7Fs st (Medium, Large). A 7] &8s AAAtE o] AR
ZdAolng R AL BEVlestthar 7FA o (Small, Medium).
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70bar, 100bar?] *7x¢t= o] A8 7153
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2 Hi =A9 AR FarEHL Fo wel Elf 7baubo]iz o] Local distribution
distanceE AlFstAth(obel] 42 Fan).
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<29 6.10. NodeW] 425 Hd4 & 7ol wE E= i} 7faglo] o] o|FH A
(C.Yang, 2007)>

g9kt AgtslE BRI A AFAE Hlouys F4E v A 7HA] 3425 7.
B Storage to Regional Transportation = (Regional distance) + (Local distance)

B Storage to Storage = (Regional distance)
B Storage to Local distribution = (Local distance)

Aol Ml A FEAES HEY g =8F FH F4AE 7§ 2 HEE] 9% A
A4 9] Liquefier @ Compressor (Conditioning unit)®] H] €< vk afjof 3 =42 FF Al
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GebA] 7] Wil 247 & T AEE SR A Rdol= 99 Ul 7hA A FolA T
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