2019-09-24

==
S
— o]
oK =
<| ©d
=
815
&l go
2L Ho
o
K
Sl oo
|
5. ol
&l 8l
®)

20199 93 24A(3})

AN E

J
—t
<

45 ALO| 20| LNG

L
of

T 7tX Ol gof dOfE AHEE




2019-09-24

= Kt
NH3 W0} 0|2 LCO2 AIZ0f LNG &

—r

o
ol
alo
joill
ol

==
-

<I

8
=




=H2 F2 LNG £F° Z=2 O Ml 291(F=°1 MH 320)°ll 3igdot=
ghEHol LNG 42°I8°|Lt 2Tl teiM= 3 M3 MTHA] 02 Ojo) ot
AIA{ Ol

» “LNG Cryogenic Energy Utilization” in Energy Procedia: (2016)

v" Out of 12 major importing countries (viz. Japan, Thailand, Singapore,
Taiwan, China, India, Korea, UK, Spain, Italy, Belgium, France) only
Japan (60%) and China (10%) are the only countries which are
utilizing this cold energy.
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TR Ng 24P j2 '-||‘8* H 3
o Tokyo Gas 1 B, NS & HE
wENT == Saibu Gas 1 Ng, '&%’—‘I% 5H k]
°° NEGN - 1 ANZZ[o TEME HES
LE TeraCool 1 F=H2 3 $EFD HEZ
Tokyo Gas 1 3 WHBZ amw
Tokyo Electric Power 3 3 W83 20.9MwW
Osaka Gas 5 3 WE8E 14.2MW
Jaun o Tohoku Gas 1 3 WH8T 1MW
Chubu Electric Power 3 3 UT8F 21.4MW
Tohoku Electric Power 1 3 UE8T 5.6MW
Kyushu Electric Power and Nippon Steel 1 3 WE8Z 9.4MwW
Tokyo Gas 2
Osaka Gas 3
Y Chubu Gas 1
N23ge Tohoku Electric Power 1
Saibu Gas 1
3= - 1
o= NE ¥E 1 BE NG HOE 212
4580 e LT 1 L]
ZN2 Ty o= EEEGEI 1 S LNG HOg 212 RS
Tokyo Gas 1
EPAR| ol Osaka Gas 1
BUMZ ae Chubu Gas 2
Mizushima LNG 1
Cascade System| 2E Osaka Gas 1 SES, YT HZE F 20114
Igr Fos Cavaou LNG 1 HI°IE ME + YAUN dEF
HlojE| ME ZEEY Sines LNG 1 HloE] ME + YN dEZ
yEE Singapore LNG 1 O[] ME]| + YN HEZ
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MRITtA(Natural Gas)gt?
> FHEZ HECH,)°IL, IEHC,He) BTl B 3Ol T2tA rich gas?t
lean gasE #2081t
> WANA M2 FF 372 A/UE:
* Purification(8N3] 3%F)
- NOIA 39 BAB O|NUEL, FURKL, 2B, 42 5
= 24£E2 NH 3%: AGRU, Dehydration Process 5
* Volume Reduction(2t87: Liquefaction Process)
= MANAE ASAP[|= O F
= RIOT 60029 12 Z1E7 W2 MF X 230 &0l
= YDA RO o0 B2 MANAE MY £ ATt
- O|BN] TTAMTEC o4 UjRe] 3Ol T N},
= A OJFAIG| RFTE MEStE A HOt AR O|F Al BEE AESHH FHE EY
& Ao
+ Separation(NGL 3|237%)
= Ot o1y YR 34t T
& 7 @ 32 33050
o110
‘JEOI Tt
> BRNAZANAIM LS AJMANAE Q10 3M 580 E THFY
> HILNGHOEEINE S0 3500 EZ 22011 U3, BF 7000 EMA| 5
> 199 EAT S-Oil ° LNGE NE8ty A3
> A 2EIYME EI'—IETE EY No| MATNAE -160°C ©I3t2 YUAH
NAE HHIZ DIECIN £
> AREANAT -'|7‘||’<‘>'EI19| MOTAZ HEE W= MANA 1 Kg T 200Kcal
K‘IEQI °°|E|=0| I"OUI‘
> -160°C ©|5tQl ABMATNAE= MAWNAL| | of& 3fiFst= HF | YA T

N CUERG BN VT
> M oLRg 1 ou{R|et TEste] Yeo|atT pE

Property Walue Units.

Hx Name E1

Hx Description

Duty 0.000 10°6 Keal/he
- o

-162 °C 1°C
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LNG ¢Z EHOIE?

> MY LNGE 9148 FIN ST BB TN 532 28 4
O‘IEI‘

> LNG YEOIN HEE |83 N2 BIE $9) %49 Smzel
TSIAFIE IC| MOIAS 212 4 QD2 EHIS SN 4T

=22 019 A olr}

« O] B 9N ARSI FHS U9 FO
« SN|BH DQle] HATIAE EiHIS SOIN 2E 5L ATNO

= o
=1
> HSUAE NSO B
. DRNT 22 o8 YOS BEOIOl 53 YN
& e e o @ =8 37

>
> SR YR SN YHELE SEISE Brayton A2 A

SEEYSY prm—
Rankine Cycle
. FouN
| Rankine Cycle | Rankilr-le Cycle
=Ly
Rankine Cycle
e
LNG ‘Y8 &F | —
Closed Cycle
—| Brayton Cycle
Open Cycle
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H HIAQ B HiA{ 2k E'I:"
o (S, BN B EHNY S
TRl Mw
HE | 9NH | QO | ING | 39 | @9 | TA | 3H [ JIE Al

2003 15716| 14,740 14,518 4,320 312 1,191 3,877, 1,380 56,053

@8 (6]  (6) @) () @ @) 3] __(00)

2004 16,716] 16,340 15,746 4,349 317 1,125] 3,879 1,487 59,954

@8 (6] (26 @) () @ @) @ (100)

2005 17,716| 16,840 16,372 4,349 359 1,125] 3,883 1,770 62,413

@8 @7 (26 @) () @ ®) @ (100)

2006 17,716 17,3400 17,319 4,449 363] 1,125] 5,490 1,963] 65,764

@7 6] (26 ) ) @ ®) G __(00)

2007 17,716 18,840 18,552 4,549 364 1,125] 5,490 2,649 69,284

@6 @7 (1) @) () @ ®) @[ _(100)

2008 17,716] 21,640 18,552 4,549 365 1,125] 5,490 3407 72,843

@4 G0l (6 ©) () @ ®) ©)]__(100)

2009 17,716] 22,9400 20,552 4,549 365 1,325] 5,490 3,740, 76,676

@) G0 @) ©) () @ @ G)___(100)

2010 18,716| 22,940 20,552 4,549 365 1,325 6,290 3,892 78,629

@4 (9 (6) ®) (1) @ ®) G _(100)

2011 20,716] 22,440 22,552 3,829 200 1,325] 6,290 4,034 81,385

6] (28] (28) B) ©) @ ®) G __(00)

2012 23116 22,440 23,631 3,829 200 1,325] 6,290 4,527| 85,357

@7 @6 (28) ) ©) @ @ G __(100)

2013 23,837 22,440 23,631 3,429 200 1,200 6,290 4,792| 85814

@8 (6] (8 @) ©) ) @) ©® __(100)

2014 25237 22,440 23,631 2,129 200 800 6,290 5162 85,889

@y (6] (28) Q) ©) () @ ©)__ (100)

2015 26,637 21,440 23,131 2,129 200 800 6,290 5712 86,339

G @5 @) G) ©) () @ ©® __(100)

2016 26,637 21,440 23,131 3,129 200 800 6,290 6,012 87,639

GO @5 (26) @) ©) ) @) @[ __00)

2017 26,637] 21,440 23,131 3,129 200 800 6,290 6,412 88,039

(30.3) (24.4) (26.3)] (3.6) (0.2) (0.9)] (7.1) (7.3)_(100.0)

& 1 @ =8 3F[%u
N Ol OI AN
KOGAS & LNGH 279:
Case 1 Case 2 Case 3 Case 4
Lean Rich Max N, Typical
Nitrogen 0.00 0.00 1.00 0.04
Methane 96.74 85.12 94.33 89.26
Ethane 1.89 8.63 1.97 8.64
Propane 0.68 4.14 2.50 1.44
i-Butane 0.34 1.10 0.10 0.27
N-Butane 0.34 0.90 0.10 0.35
i-Pentane 0.01 0.10 0.00 0.00
N-Pentane 0.00 0.01 0.00 0.00
MW 16.791 19.320 17.189 17.924
GHV 9,882 11,163 9,975 10,450
Sp. Gr. 0.434 0.478 0.448 0.455
& 12 @ =8 3x%ul
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N Ol O] AN . Al H AN
KOGAS & LNG2 24 (1): &1 HE Al°| &3
Stream No. 1 2 3 4 5 6 7
Case Lean Rich Max N, | Typical 1 | Typical 2 AN e
Nitrogen 0.00 0.00 1.00 0.20 0.2 0.19 0
Methane 96.74 85.12 94.33 91.31 93.08 96.65 100
Ethane 1.89 8.63 1.97 547 4.49 0.58 0
Propane 0.68 4.14 2.50 2.06 1.53 0.08 0
i-Butane 0.34 1.10 0.10 0.45 0.33 0.1 0
N-Butane 0.34 0.90 0.10 0.48 0.36 0 0
i-Pentane 0.01 0.10 0.00 0.02 0.02 0 0
N-Pentane 0.00 0.01 0.00 0.00 0.00 0 0
MW 16.7904 | 19.3180 17.2243 17.8146 17.4272 | 16.2198 16.0428
GHV 9,875 11,154 9,940 10,363 10,167 9,557 9,497
LHV 8,904 10,097 8,967 9,360 9,177 8,607 8,551
& e e 13 @ =8 3F[%u
24 L A|ASH= o] AA-
HILNGHDOIEN F25t= LNGE &4:
Composition (Mol%)
Component Case 1 Case 2 Case 3
(Lean) (Typical) (Rich)
Nitrogen 0.2 0.19 0.00
Methane 97.70 96.74 8512 ‘
Ethane 210 235 863\
Propane B 050 414\
i-Butane - 0.09 110
n-Butane - 011 0.90
i-Pentane - 0.02 0.10
n-Pentane - - 0.01
Molecular weight 16.36 16.63 19.32 KOGAS2}t
Gross heating value, 9,631 9,768 11,195 %OEI
@ 0°C &1 atm(kcal/Nm?)
SG of liquid 0425 0.430 0478
Gas compressibility factor 0.9969 0.9968 0.9957
@0 °C &1atm
Gas density (real) 0.7322 0.7444 0.8656
@ 0 °C & latm (kg/Nm?3)
*Nm32 0°C, 1 atm M =X
Ly 14 @ =8 3x%ul




EE=|LNGE-I|:||L-I EOI I\-|7(-I7(| = LNGOI AXN.
(o] =y = ey R -1 L0-
HIYINGEH D2 =Y MHX| 8 &
date :2016.12 ~ 2018.07
SR D) 24 9 7 7

1 Methane 94.14 95.88 91.12 96.78
2 |Ethane 4.13 3.75 5.94 2.36
3 |Propane 1.03 0.27 2.32 0.48
4 |i-Butane 0.21 0.04 0.33 0.09
5 |n—Butane 0.25 0.03 0.26 0.11
6 [i-Pentane 0.05 0.00 0.00 0.02
7 |n—Pentane 0.01 0.00 0.00 0.00
8 |Hexanes Plus 0.00 0.00 0.00 0.00
9 |Nitrogen 0.18 0.03 0.03 0.16
10 |Carbon Dioxide 0.00 0.00 0.00 0.00
11 Oxygen 0.00 0.00 0.00 0.00
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Konglu National Unive:

LNG 31 £&5F:

> ZNNMAAY(IGU, International Gas Union)2| 2016 World LNG Report

&

Chemical Process Ressarch Lab

Konglu National University

& ER ALEF (R E) | HE
gz 77,800,000, 31.80%]
2 CES 29,400,000, 12.00%
3 2Ol 25,000,000, 10.20%
4 Lto|R|2|of 20,400,000,  8.30%)
5 QI=HIAO 16,100,000  6.60%j
6 E3yct Ebpn 12,500,000,  5.10%j
7 2R 12,100,000  5.00%
8 Ao 10,900,000  4.50%
9 o 7,800,000,  3.20%)
10 oY 7,000,000,  2.90%)
1" 88L9| 6,600,000  2.70%)
12 NEREEIE 5,600,000  2.30%j
13 == ] 4,200,000  1.70%
14 Y 3,800,000,  1.60%)
15 o2 3,700,000,  1.50%)
16 b il 1,500,000  0.60%
17 o= 300,000 0.10%

16
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@ Chemical Process Ressarch Lab 17
. Konglu National University

AY(IGU, International Gas Union)2| 2016 World LNG Report

29 ER o4 (B E)| HE
1 e 85,600,000 34.00%]
2 o= 33,400,000/ 13.20%|
3 = 19,800,000 7.90%|
4 oE 14,700,000 5.80%
5 ohe 14,600,000, 5.80%)
6 e 9,800,000 3.90%)
7 AL ] 8,900,000  3.50%)
8 Ehll 5,600,000 2.20%
9 ELE 5,200,000 2.10%)
10 HAIR 5,100,000 2.00%)
1 32 4,500,000 1.80%|
12 MECH 4,200,000 1.70%
13 O123E L 4,200,000, 1.70%)|
14 °|RE 3,000,000 1.20%)
15 oy 3,000,000 1.20%)
16 FA°IE 2,900,000 1.20%
17 Eo| 2,600,000, 1.00%)|
18 SNE 2,100,000, 0.80%
19 SHEmI=E 2,000,000, 0.80%
- TIE 13,600,000 5.40%
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DN NATICHAL UNIVERSITY

LNG <
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AN}
Rankine cycle = Brayton cycle
Q%OK‘" ELQ. EEII\HN .I_K'I
ZH OJMBtEA O] 8 WHT Tl
= 1nnN.
0 0o0:

£: Future Work

R IEE]

Ethylene 22]: (432835701 &, HDOCIN 0f$ #lol ®3, FH HMel
300HY 2R 2 NCC 2% £ %)

Paraxylene £8|: Melting point 29l

o QST N2 NF ZI0| 28
> A gt
e Hydrogen
¢ Helium
e Carbon dioxide
> Y SHS 53 I Eolo| By
& e e 18 @ =8 375

DM NATICRAL L IERSIT
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LNG L2 o|£3t 37E£3: ASU (Air Separation Unit)

ASU: High pressure column & low pressure column

L L LpL1
i 18 1 —
14 g1 ' |
A (}) |Dl HPV
SPL1 11 ARG
1 3.~ 17 {\,)E -
[:' (- - 15
DTAD , )
3 i
B By,
l[l] 12 uid 20 3
com 7
2 4 "5
HP
EXP
5 § |— 7A
— 4 LNG T
DEW 8
Y
BT o
|

e pee o 19 © 3

X
=
o
: EJ

LNG Y2 0|88t Ethylene WMET:

> 24
o HNE ZEY5I0 MZ. T A

+ GRIM -103.6°CHIN AY2 2 ZAY. F2(25°C)IME BHZE ALEA| B=. A2

- MBSl EN X UB
. o Li2fe| seigele) 28 Mots M EC (20084 TIE: 9 7,2008HE M)

> olgH HEE:

(essiz | (=max |( =3 | [ == |

| T ooty 20 @ 3 3702
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LNG
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2 9|83 p-Xylene WMFH:

mn | ok

A\
ol
offl

Bt 2.

=
L [

 HIF Ao IA| 0t
o2 §gol 3.

> BT%E % B9

* Melting point Af°| 1} H|wW & AL}

o 2% TEO| T T HISHA H|wWA KT}

o= O
Component | NBP (°C) | AHY (kcal/mol) | NMP (°C) Heat of Fusion
(kcal/mol)
0-Xylene 144.43 8,779.2 -25.17 3,248.3
m-Xylene 139.12 8,678.4 -47.85 2,763.4
p-Xylene 138.36 8,631.6 13.26 4,086.7
s e e 1 @ =& SF[%u

L

2l

22

2 = (Osaka Gas)= S 2= FLNG

2019-09-24
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Cryogenic Power Generation: Osaka Gas

Cryogenic power generator

Generator 1 (1,450 kW) installed in 1979
Generator 2 (6,000 kW) installed in 1982

Turbine

Seawater

Generator “

lH
Liquefied
p?n":une Condenser l

-

Natural gas

Chemical Frocess Ressarch Lab.
b Hongju National University

1,450 KW 6,000 KW
Rankine system
Rankine system Dinct-exp!;nslon sytem
60 th 150 th
3,000 th 6,000 th

Air Separation: Osaka Gas

Chemical Frocess Ressarch Lab.
b Hongju National University
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Boil-off Liquefaction: Osaka Gas

“[Cold energy [~ |
Matting PGM

| T ooty 25

v

@ =8 3Fe

o KONCLI NATIONAL U ERSITY

LNG Cryogenic Energy Cascade Process: Osaka Gas

i_ 3 » Steam
B E=E o
rT_l .
Sprayed onto -
intake air of GT
‘ =
Storage of 5 Storage of
Cooled Butane g ' Cooled Butane
D
Butane - g
30~40°C 25 g
Liquefied CO, g2 | &=
i o= 28
: Pure water I
CO, For City gas
byproduct of H, S

S B m R Mm T 3]
iquefaction  chiller  chiller |
Cascading Process of LNG cold

_%r bie

i
Petrochemical
plant

) Taess
| T ooty 26 @ 38 3T

2019-09-24
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CO, Liquefaction Facility: Osaka Gas

Heat exchanger

M pefrigernt A

Refrigerant

Natural gas

LNG

l._____!__l

Raw material
(Carbon dioxide)

Liquefied
Carbon dioxide

s e e 2 @ = 330

- RO M ATIONAL UNIERSITY

Facilities using LNG cold energy in each LNG
terminals of Osaka Gas

Senboku Terminal 1
The facility using ING cold | S®™°F | jngialation site | e LNG eold
operation utilization rate*
Air-condition with LNG cold 1978 in the terminal
Carbon dioxide liquefaction 1980, 2004 in the terminal
Warm water chilling 1987 in the terminal aporoximately
Brain chilling 1987 in the terminal PP 100%
Expansion turbine 1989 in the terminal
Air liquefaction and separation 1993 in the terminal
Ethylene plant 2011 in a neighboring factory
Senboku Terminal 2
The facility using ING cold | S®f | jnallation site | e LNG cold.
operation utilization rate
Cryogenic power generation 1979, 1982 in the terminal
Air liquefaction and separation 1983 in the terminal approximately
1 , 0
BOG re-liquefaction with 1997 in the terminal 50%
cold energy storage system
Himeji Terminal
e . Startof N the LNG cold
The facility using LNG cold e Installation site utilization rate*
Cryogeplc powtlar generation 1987 ?n the terrn!nal approximnately
Expansion turbine 2000 in the terminal 50%
Intake air cooler 2004 in the terminal
smical Process Ressarch Lal N ox
by 28 @ 38 370%0

DM NATICRAL L IERSIT

2019-09-24
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Special effort: Use of LNG cold energy over a wide
temperature range

Pure Water

1
wi J -
Petrochemical Plant

-_—fr Carbon Dioxide Gas
!;_ | Liquid Butane Tank

Hydrogen Manufacture Plant Gas Turbine

Butane [ 3
Off Gas Liquid Carbon C %
Qil refinery Plant Dioxide Tank
Olefin
LNG
10 C

-160 C -140 C -60 C -20 C
Olefin Carbon Dioxide Cooling Cooling
Separator Liquefaction Butane Pure Water
wmical Process Aessarch La N ax
ey . @ =8 374

1%
1o
o1
Ofn
oC
021
MO
1
rf
A
1o
(O
o
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NSO = (o) .
YA YB/YY EREA B
> 302 I

o HEYOH(NH,)

> SENAEET F28 HA8T:
o SETN(1¥): 118,915 kW, 6,429,580 (54&/1kWh)
« S}E7|(8¥): 155,160 kW, 7,828,090% (50&/1kWh)
- OE M| A§F: o 88 5t 5Bt 9l
- %1 72:1,0008 13

> 30 sE2k:

e 230 ~-47°C
¢ _-30°CE Nzt
. W2 SER YIS 3TUAS Y 0|80 Y 2L JryEr
R s e 31 @ =8 3F0%u

(o] § Of LHOH = Qo NOL=
2HL{of YOI E A3 Tt B9 22 FH
« H7| AM2EE 155,160 kW(SHRE 7| 7|&)2 1Y%
. NZhgh 2155 kw AR m
CN3
LiL] ’* ss5] .I [c1] 2155w
—y ] 8
:‘,’;:;kg/h G
: 0.3274x106
T 3] kcallh E2

s 52 ‘) 53 ‘][E?.@.J
= s — 613 kW
LNG: [Eq] 0-3274x10° AZk: 2,5002H T H

2115 kgl [P1] T ealh 71
7.24kW | (4] =
CNd4| 2_LNG Flowrate_2018_0912.prz
@Enl::u‘: tion 1‘1‘1):“ .u;. » 32 @ qg g'!x-[H }m

2019-09-24
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24O 'gE AI°IE:

PFD

[0 2 2 2 2
W) REFRIGERANT NHY LLE NHY NH] BEFRGEAANT
COMPRESSO® ECONOMIZER COMPRESSOR CONDENSER EVAPORATOR
SUCTION DRUN
105

emical Process Messarch Lab,
Hongju National University

olo
1t
=

WEAT Page 1| HEAT SEET g 1
i,
=T
T = - —
e T CovensT® L E—
n & 1 5 X
e Tiis o
T Tk ke
s oo T = e
Viaper ). T
= T
Wb TR 02
e
1 T Tw
17500
[ [T [RIFEY [T [Z1Z]
T
—n ; T
o iy : o
[Catord Pt TTT0AT pirlo}

(] 0 T PO o
Ty e
—
i — —— A
]
3 o] T T
e ——
T—— THE THF
Sanl o T&r e
=
Fuba T ) Cistorad 304 ST S STELL {10 8 F1]
vt o et Crurveed Coar
i Tusmsbasi I
Fiowing Piaas Come =3
o T z o
s | Sow e
Tutw ) T
Joxt | —
ety s
5 T Ty e
[
L rhed i
Chemical Frocess Ressarch Lab.
Hongju National University
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WG ATATEE

G vsORIIT
3 CONDINSER

()

@:I_Iel ocess Ressarch Lab,
— Hongju National University

RAL GAS
UTION

[

(Pl Loy
) 0 i e
St et 10 4
]
rhse Tow 3 EAIEN] T
T Viaper ) EIEE] FAICY] LL5E
s FAILY) 1L Ligad 1]
TS
(L1 —
BT ] TR FoI] THET
FIED) [T
a7m T FI) [T [¥2
Thn (1T [L7E] LT T
I [ I35 [T
EAuIT
171

-

@:I_Iell Process Research Lab.
— Hongju National University
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= PaYe: [o) = Al B 2LCHA|© o.
HFLH W54 SREN 3L
> MR 24N
- SRS ST BN N8: H1t 8N 50 508 8 Y Y
> 8 M2MFELY| T4 ST EA S 2
+ 2155 kW2 57 AN HH: NQ 39 9 159 & (FHYEE HIB)

> HIENGEDY LNGYL 100% 28 Al:
- QBA 1,0008 #2253 7X)°I B2E LNG: 2,115 kg/h 22
© 189 M2 M 31N 2 SR, 5 5A A 1624 &

> 20E B3d=5= FEILTAIYM LNG 5!
e 20E Y32 LNG TIH: 800
» 2,115kg/h? LNG 22
o Ot 18,527 4E LNG T2
o QAMING TH|§: 2749 2
o EATIAR BMBIH: 24,128,707 m3
o EATA TOfTH: 5009/m?
o 3 jEM: 9 1204
o A% 469

& e e 37 @ =8 3F[%u

4

38
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=
[e]

| =

[

d
>

1 RT: O]
e 3,024 kcal/h

> 1RT: o, &=
e 3,320 kcal/h

=R B2

> LNG 1 Ton/h| 8859 U=

& =2

LH

o
-158°C%} 70barG2 LNG 1 Ton/ho| & nE 9
HNE YE2 28510, Z2M o YOjE o8Bt MA WF
A E

o2 DHZE 1), BYsE 25T
p UEEL

== )

2019-09-24
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LNG 1 E/hE £& 50t ¥E E9 [

> LNGE 24

* Typical case

Component Mole %

C1 0.04

Cc2 89.26

C3 8.64

IC4 1.44

NC4 0.27

Flow 0.35

Temperature, °C -158

@ " Konat Nadionsh Untvaraity o

LNG 1 Ton/hr;

LNG: 1,000 kg/h
-158 °C, 0.2 barG

- -
4.1326 kW

@ Chemical Process Recsarch Lab
- Konghu National University

Ethylene(L): -95°C
—

70 barG

L 2

0.0496x10

Propane(L): -40°C
I —

-98 °C

L

0.0805x1 6IE&‘al/h

6Ig‘al/h

Ethylene(G)

Propane(G)

42

-43°C
-

2019-09-24
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LHE= l\tOI 2.
[e )e) =-
[cng)
-40°C, propane(G)
-95°C, ethylene(G) -
1 o 2 " )
42.4281 kW -40°C, propane(G)
55 2]
$ 577 é
0.0099x10¢ kcal/h [E2] [E7] o]
10805106 kcallh
Q cN3 @
&) -40°C 45°C
0.0496x10° kcallh tl o
[819]
=) )
0.0762x10° kcallh
m e =
v -37°C o Yo g ot} 81|
A m Qe Z2E Yo AL
CNZ]
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Konglu National University

&

@ 28 2300

DN NATICHAL UNIVERSITY

~ L OFXT|O0| =37} LHE EO| AA}-
= = 519 0—14 0o =9 FAN:
> 4= s 257 8:

Ethylene $57]9| %7 A2 5&: 42.4281 kW

Propane Y3112 &&= A2 $%: 148.8774 kW

HYHE=E 3 22 58: 191.3055 kW

St ML= SHHE

191.3055kW xﬁx 8,000n =145,392,180¢1
kWh
> HUEE Y EQ FNM:
(130100keal) ~ RT .0 o0n
(hr) 3,320kcal / hr

R s e 44 @ =8 3
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§: Propane At

53] |Exq
93.22°C 7.3390 kW
|S4]

.0672x108 kcal/h
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&5 94 °18 FHUMEY:

Propane A& (1M 1)

&

oL O -
93.22°C 83.3396 kW
[S4]
0.1021x108 kcal/h
0.1720x106 kcal/h [E1]
-150 °C
s2|
1.9930 kW

Chemical Process Ressarch Lab 47
Konglu National University

&

8.819°C 51.1395 kW
4]
0.0836x106 kcal/h
0.1243x106 kcal/’h @
-150 °C
52
3.8070 KW
Chemical Process Ressarch Lab 48

e
Konglu National University
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LA 3 X O | |)k "'|.EA
LNG &€ &8 = A O|LatErA
HF A X | I—I_Q_-'-|.h 740
=1 oo —=43o°— T
49
A0l O|A}SIE/\ O] E=E2iAIAF DA -
ZRH OMtRIELAR O] 8 FEHYM F7F:
90°C| 7.78 MPa T
p=0.14g/ml " 7.70 MPa
p =0.57g/ml
Turbi ReComp ::::,
15.7 MW 30 e 27 MW D
=50 = n= 80
397°C 0.06¢/ml 232°C —_—
H 550°C 7.93MPa g 29.70 MPa El | 6.
29.11 MPa Cycle Parameters 27.2 kgfs Cooler
p ~0.18g/m| | |Shaft Power (MW) = 10 80°C
Net Power (MWe) = 10.00 2000 MPa |
Heater Al|Mass Flow (ke/s) = 94.9 F 67.7 ke/s :
23.4 MW n thermal (%) = 42.8 0 =0.75g/m| |—
n net (%) = 42.8
mp Fractional AP = 0.01
HT Recup 232°C\},29.70 MPa LT Recup C
I prosemi ol 90°C |7.78 MPa
effect = 94.2 :
3655 2ot =87, 252°C 18.101 MW flowsplit | 0.714
29.40 MPa B 7.85Mpa =0 14g/ml
p =1.26g/ml p=0.08g/ml
50 @ =g 370

@ Chemical Process Research Lab
. Kongju National University
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KOI'I:" OI/\ I-E N\ OI.Q. EddAIAF 2 A]. __I.I.
O |_t§|_|'-L (o) o—|o|_too.PRO/||§ ﬂ
16.480 MW -3.607 MW -2.557 MW
CO,: 94.9kgh _ 1 =90% 1 =80% 1 =280%
51— lEx1 c1l J [c2]
lss|
23.925 MW
| :E"- T 2 3 [s8
[s7] 4 13.9899 MW
) S11 ! 63
¢ <
i 158 " .
= ! i {s10] ‘~
LNG 2 2: 1,622 kg/h mi Ed]
2 &2 10,200 keal/Sm3
2Xe 18 7|=
o7t 14,207 E (3652 7|F) i B
~ o (16.480-3.607-2.557)MW [
HFX] . %100% = 43.12%
2T 28 3973 100% = 43.12% { .
Net 272 10.316 MW = n
Lty S @ =8 3F[%u
KOI'I:" OIA I-E N\ OI.Q. E2iA A} 22 A]. LHOd U1 Q.
| |_t§|_|'-|- oo—|0|_tOO-I—NG o=2 =20
16.480 MW -3.607 MW -1.698 MW
CO, 94.9kgh 1 =90% L =80% L =80%
51— lEx1 c1l I [c2]
9
23.925 MW \
‘ 2| 54| | i Wzhs ol
EY 3 [se LNGE -50=7}HX| Wzt
7] 1 10.1058 MW
1,
158 " .
. - ¢
LNG £ 2: 1,622 kgl w1 Ed]
2 &2 10,200 keal/Sm3
=Xt 18 7|1&F
Q17 14,207 £ (365Y 7| =) i B
i &g, (16:480-3.607-1.698)MW v o [
=1 25! —23‘925 x100% =46.71% | -
Net 22k 11.175 MW 5]
| T ooty 52 @ =8 3%l
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7 NH,'d 0§ 0|8 LCO, M =0 LNGdE 2

8ot Aol Bty

o A AAE .
WA CO, MIZ NAES H|ul:
> |ZERAIDL NG Y O 2HAl Afo[Q] HIil:
7E NG 3ZoI83N | 1B %N B 3=
CO, WNZ 1|Z 400 Ton/day
S - —
00, R E= 20°C 4 1 4AIs] g
CO, %3 B | -163°C LNGE| I3 | NH, 3% AOI2
CO, i} 'oH -163°C LNG?Q| ¥« M oA
CO, N7 &4 20.0 kg/cm2G
R s e 54 @ =8 3x%ul

27



2019-09-24

A3 NOIE;

> HIPLNGEIOE®E2| LNG 44 0| §:
. H3) NGEO|YE2 3EEHE M2 MOU HE
.« HINGHO|EE2 AF MO|ES Ha|L 2 kmE AEQ| AA|
« LNG 22 °I%5F'I I8t Ao AIA|

(.

B3 NG E{Ol2

Q Chemical Process Research Lab,
— Kongju National University

I WA LNG $ o884 Aol v

o NH,(V)

Raw CO, Gas
400 TPD 20 kg/lem?G CO,(L), -20°C
45°C, 0.1 kglem?G V U

Electric Poweri 4[

Efficiency: 70% NHa(L)

(6) Compressor
Power? E01

Cooling water, Copling water
Supply: 32°C Return: 40°C

Ccvo1

E02

Process
Fluid In (

Q Chemical Process Research Lab,
— Kongju National University
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N
TIZ WD LNG ‘4% o884 Arole bl
> TIZYA 0|8: CO, UF L AT A25E 52

- i c1 /
/ 7 @) @ c2|
E1 4] 4'.}- 5
692.3 kKW Gl / * d
70% 650.1 kW / @
E =
p— 2.0113x10° kcal/h
CA1
s e e & @ =& 3=l

e ELET

1600

1400 |

1200 |

Power (kW)

400 |

@ Chemical Process Ressarch Lab
Konglu National University

1000 |

800 [

600 |

oo

{

1st Compressor Power
—O— 2nd Compressor Power
—6— Total Power

1st Compressor Outlet Pressure (kg/cm®G)

* @ =8 27U

2019-09-24
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TIZ YA LNG $E 01834 Ao|2] Hjm
> |EA 0] 8: NH, Refrigeration Cycle for CO, Liquefaction

8,263 kag/h
1.183 bar

S7
s
1433 KW
70%
'S6)
-\ 17.739 bar
cn3 /" E2 |$ilﬂ
ez

2019-09-24

2.0113x108 kcal/h — =
'S5 m 54 *Vlj—ﬁ
CN1
1.183 bar
& e e 59 @ =8 3F[%u
A d od H o
1[ZE FA0FLNG 'S ©1 834 Aol b
> MZ2 34 0[8: LNG YE= M AJATICE
LNG 2 24 Mot
/ i
CO,(L), -20°C
u = g s -
o— @ —=
12.6 kW
oy 80 @ =8 SF[%L
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X HiAljl LHO1 O] Q HLAI o|o (XA AN
|Z YT LNG Y ©18%A Aoje] Hi: (F )
3 NE 34 LNG 'gg 0|84

CO, Yt 400 TPD 400 TPD
CO, A2 -20°C -20°C
CO, H3¥H NH; 35A°I12 -163°C LNG 7|8
CO, M3H 20 kg/ecm,G 20 kg/cm,G
T CO, Aoy H A -163°C LNG ¢
)4 Co, N1AEH 1,342.4 kKW Ny ADF:
A2 NG B(&H) - 12,52 kg/h
32254 2,775.4 kW ~20 kW (Et, CO2 2458 H2|)
STt M| (95%/KW) o 259
& rmm 61 @ =8 3F[%u
A SlEdHEX Nl 740
HMATIA 2t HLAMO| M ESH= 8%
62
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sCO2 + Turbine + NGCC + CLCS:
Power ,..Power
30 bar NGCC
i
.« 7]& NGCC 3H0| 32E/= NG= 30 bar 7h2Y
o S 2Kl INGE EH=0| 2s{fA 90bar X 7+t
+ LNGE ZE3I0 MER Z53ME 0|82 sHEMZTo 283
. BEQK 08 SHMMBHOH Lot Teto| NGE HEIS SaiM FIHH el
S22 AALSH
o = o -0
« 30 bar® NGZ NGCC 2o £t
« O|ZA SIH 7|=2| NGCC 3 HELl 5~10% LUXZES P2 &= US A=
70t S S| MARAL B 37 X Ho =W SO AS
& e e 63 @ =8 3F[%u

NGCC (Natural Gas Combined Cycle) :

(&

Steam Turbine

Combustor

Gas Turbine

Air

O,
Compressor

Exhaust
5

2

=

CO; Capture

HRSG

(1 BFW

64

Chemical Process Ressarch Lab
Konglu National University

&

Unit

|

Reboiler
Steam

9

Condensate
Return
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NGCC (Natural Gas Combined Cycle) :

s

HOT REHEAT
MAINSTREAM

w
3

LP TURBINE

326/327

328
I

GENERATOR

STEAMSEAL

=T [rovmmna] _ siast
e NAKEUP
317— jfs_..Q_”
CconpEsa
TF PUMPS
320 GLAND SEAL
| ConmenseR
o] ERER, I—zw]
201 g r—— 404
324 2 owen
[ g ) ! ]
L301/302—
202
208 323
31 31—
G o "
NG
. o A2l IXTYsE
| T ooty 65 @ =8 3F[%u
NGCCo"[\-I HiA U.%gl AN} -
=L T L= -
Process NGCC with CCS

(1 Total gas turbine power (MW) 819.2765
(2 Air compressor power (MW) 457.0765
@ Net power of gas turbine (MW) (D-@) 362.2000
(@) HP steam turbine power (MW) 50.3183
(B MP steam turbine power (MW) 58.5105
(6) LP steam turbine power (MW) 47.8510
@ Total steam turbine power (MW) (&+&-+®) 148.8000
® HP BFW pump (MW) 27223
(9 MP BFW pump (MW) 0.0722
@ LP BFW pump (MW) 0.0026
@ Total pump power (MW) (®+@+i0) 2.7970
@ CO, compression power (MW) 15.2045
@® Total net power (MW) (A+D-1)-@) 492.9985
@@ Net power efficiency(HHV) (%) 44.47

Net Power Ef ficiency (% )

Netpower( M)

Feed flowrate (kg/s ) = HHVof NG MJ kg)

NG feed flowrate : 21.084 kg/h; HHV of NG : 52.581 MJ/kg

@ Chemical Process Recsarch Lab
- Konghu National University
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