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Abstract

I n 2024, carbon dioxide emissions are expectec
with a significant share attributed to the shi
drastically reducing gr eenhoorusoev egra st heemicsosniionngs ¢

and one of the strategies to achieve these ta
study <conduct s a comparative =evalwuation of c
Ssimulations using Aspe&a COusenMildsiswfigevaeadmt @n
ROPAX vTetsiselt hesis aims to create three CCS sy

met hod, emphegdngnodaet e for their application

comparative eveaelnuweatgiyo nanidn etceornnosmiacf per f or mance.
are MEA, -PhebMOEA, and K CO , al | used at a 30
purposes.

I nitially, simulations were developed in the s
templ at es, ensuring accurate thermodynamic mod
were created for each solvent, angle roittiimailt yc o
analyses for key design parameters. During the
it was ensured that the | ean CO | oading wvalu
templ ates, as devi at i onmsacfcruorma tteh etshee rlmondi ytnsa noi fct
to poor extrapolation. The CCS system using ME
wei ght of the CO contained in the vessel 6s f|
5.47 MJ/ kg CO capsurgdt|l Yyhoetgaddeet he- range r
4.5 MJ/ kg CO captured) but aligns with the

simulation i s BbPaZseadnd FKorCQ hes oMDiIEeAnt s, t he CO C
and 85. 9%el yeswietchicorresponding SRD values of
Subsequentl vy, energy integration of the CCS
performed using the Pinch Analysis and Tot al {
confirmed that Pinch Analysis is amsoriet stueintdasblte
overestimate the heat exchange potential betwe
coO avoidance percentage. Using Pinch Analysis
hi gher in absolute termordompgarned TSHI TI3HIsult &:
avoidance for -Phe &WMEAN, KMOEBA units i s 58. 9%,

respectively, relative to emissions without a

the most efficient, deapéeteaet hakhéendesihegn!| swagte.
i s deemed essenti al, as CCS system ther mal den
fuel consumption increases ranging from 6. 8% t

integration takes pl ace.

Finally, equi pment sizing and cost estimatio
expenditure (CAPEX) and the total product coOS!
di screpancies between them. The tota&8M CAPEX f c
ua26. 7M, which is very close to the 020.5M esti

CAPEX i s observed in the CCS uni t wi t h ME A,

correspondsPZosyhteemDEWBSIi ng the TP@ostl CGHEati o
studies for shipping, the TPC was estimated at
co forP2VMDeEPAd 0124. 75/ ton CO for K CO . These
of the <cost range f@0®dtbon rGkfeorlei, Thehasee d eC Jq 0 1
system is deemed the most efficient both in t
MDE&Z uni t, despite achieving a-efifgeglbéi vEOasatvt

MEA uni t .
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Compenent ID Type Component name Alias CAS numbe

H20 Conventional WATER H20 7732-18-5

MEA Conventional MONOETHANOLAMINE C2H7NO 141-43-5
H2s Conventional HYDROGEN-SULFIDE H2s 7783-06-4
coz Conventional CARBON-DIOXIDE coz 124-38-9
co Conventional CARBON-MONOXIDE co ©30-08-0
H2 Conventional HYDROGEN H2 1333-74-0
02 Conventional OXYGEN 02 T782-44-7
N2 Conventional NITROGEN N2 T7727-37-9
CH4 Conventional METHANE CH4 74-82-8
HCO3- Conventional HCO3- HCO3-

MEACOO- Conventional MEACOO- C3H6NO3-

MEA+ Conventional MEA+ C2HBNO+

C€03-2 Conventional CO3-- C€03-2

HS- Conventional HS- HS-

§-2 Conventional S-- 5-2

H30+ Conventional H30+ H30+

OH- Conventional OH- OH-
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. . Suezmax Cargo ship, Cargo ship,
Ship type, fuel, This study Tanker, Cargo vessel | |\ ship, 96 | MDO, 17MW, | MDO, 17MW, Aspen
engine power (30%| (LNG-ROPAX LNG, 3 0 o |
Wt MEA) 146 MW) HFO, MW 23] MW [32] 35% wi. 35% wi. Template[54]
: ’ 15,7MW[72] MEA[59] MEA [59]
Treat(i‘; /fr']‘;e gas 89000 16668 320004 118224 144468 72
COgzin flue gas
(mol%e) 2,95 4,8 4,2 5,69 5,69 5,43
Lean Loading 0,2081 0,34 0,308 0,308 0,254
Rich Loading 0,42 - 0,47 - 0,481 0,457 0,365
CO, capture (%) 92,% 50% 90% 72,5 73 90 72,6
CO2 avoidance (%) 58,9 30% 73 90
Specific Reboiler
Duty (MJ/kg CO2 547 3,73 5,28 3,77 3,85 5,72
captured)
Absorber Height 12 18 10 7 - 125 4,62
(m)
Absorber pressure 1,95 1 1,2 - 0,97708
(bar)
Absorber Diameter 2,8 4 15 2,95 2,3 4,9 0,125
(m)
Absorber packing | MELL AP A MELLAPA|MELLAPAl MELLAPA[ MELLAPA[FLEXI P/
type 250X 250X 250X 250X 250Y 250Y
Stripper Height 10 18 14 7 - 6,5 2,92
(m)
Stripper pressure 1,9 2 2 1,9 2 2 1,999
(bar)
Stripper Diameter 1,3 4 0,76 2,22 - 2,1 0,125
(m)
Stripper packing | MELL AP A MELLAPA|MELLAPAl MELLAPA[ MELLAPA[FLEXI P/
type 250X 250X 250X 250X 250Y 250Y
MEA tank volume 0,083 - - - 1,02 -
(m)
CO2 tank volume 48,395 1500 - 937,4 -
(m)
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Compo Type Na me For mu Numb e
MDEA|Conven Met by let hanol C H 1059
Pz Conven Pi perazin|l C H 1189
H O [Conven Wat er H O 77 325
coO Conven Carbon Dio CcCO 1238
H S |[Conven Hydr ogen S H S 77 OH
H O |Conven Hydroni um H O -
OH Conven Hydr oxi de OH -
HCO Conven Bicarbonat HCO -
CO ||Conven Carbonat e CO | -
HS Conven Hydrogen Su HS -
S| Conven Sul fide | S| -
MDEA |[Conven Protonated |C H -
PZH |Conven Protonated C H -
PZH Conven Di protonated C H -
HPzcOConven| ~rotenated §q. -
Car bamat e
PZzCO(QConven Pi perazine C H N -
PzZzCOO|Conven Piperazine OC H N -
N Conven Nitrogen N 77 ZBHO
@] Conven Oxygen @) 77 824
H Conven Hydr ogen H 13330
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P{;:f 2,05 2,02 2 2 2.049 2002 2 2,0 1,9 1.9
M?ESIrB.QOE 1.37H 2. 99E|8.52E1.43H2.80H1.43H 1.37E{5.71E| 3.785E
Mass f rlaggadroerst )
MDE A 0 0.24 1.664& 1.006 0.23/1. 704 0,23 0,24d 1,B®6| 1. 64TE
PZ 0 0.06| 2. 0BA| 9. 1-BF 0.05|2.2®@4 0,05/ 0,060 9,B07| 2. A4A6E
H O | 3. 70/& 0.69 0.99|3.90&F 0.68 0.99 0,68 0,695 0,33 4. 8®3E
co 4. 50E| 4. 9®F 3. 5U4E| 3. 5BF 3. @K 1. 5004 0, 03 0,005 0,66 0.994
N 0.76 0 2. 00| 0.79/1.8BF 2. 2BF 1, 8BF 0 4 EF®4| 7. 09AE
o 0.15 0 7.6B6E 0.15/ 6. 906 8. 166 6, 906G 0 1,B®B4| 2. 6DOH
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This stfLNG ship Cargo ship Aspenlo%t P7 3 45 %wt
(LNROPAX 15% MDE| 17MW, 40 %wt| Templ MDEA 51]| MDEA 5
11,421 15 % [P3Z8 ] 8 %wt [ BA] [ 73] PZ74]
Treated fl | 89000 19800 118232,3 76, 2 5720,2| 77500
CQin flue ( 295 4.8 5 5,2 20, 4 12
Lean Loacd 0,042 0,369 0,13 0, 05 4 0,171 0, 036
Rich Loacd 0,272 0,5435 0,31 0,28 0,783 -
CQcapture 9 2 90 30 (avoid 91,1 90 90
Reboiler
penalty {£N 3,98 3,86 3,4 5,309 2,75 3,6
capturec
Absorber H 12 5 5,95 15, 44 17 6
Absorber | 2 1,01 1 1 1,2 1,1
(bar)
Absorber Dij 3 2,3 3,56 0,121 1,1 18
FLEXIFE Random p{ Fl exi
Absorber p|FLEXI PAQMELLAPAK - 550y U MTE 50 250y
Stripper H 6 5 5,97 5,42 10 10
Stripper p 2 3 0,927 2 2 2,1
St r ipipemet ¢ 1,4 1,184 0,121 1,1 6,8
. FLEXIFE Random p{ Fl exi
Stripper p/ FLEXIPAQMELLAPAK - 550y U MTE 50 250y
CQtank v o) 48, 395 5 259 5 B B
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Actual Streams

stream Source Source .. Source Source Source Source Source Source Source o ... Source Source Source Source Source Source Source Source Source Source
AL A2 A4 A5 A6 AT A8 A9 AL0 B2 B3 B4 B5 B6 B7 B8 B9 Bl Bl
Heat Flow (kW) 753,19 1177,30 1167,68 22684 323,36 233505104599 139,10 38141 79,08 155203 67307 256,69 52,32 163,23 122849 849,66 23841 128,77 5925 3643
mCP (kWIT) 36500 2268 116768 2268 4755 7252 6537 3478 3814 1430 474479522 34,99 3601 320 16322 15969 19449 4768 1288 1185 7,29
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Interval source profile  Temp (°C)
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Actual Streams

Stream Sink B1 Sink B2  Sink B3 Sink B4
Heat Flow (kW) 79,1962 1069,4696 485,7239 3964,2496
mCP (KWIT) 51104  389,3562 539,6994 1041705,715¢
sum DH
Interval ¢ | nt eEr((:Q’T/\%él) N interval fs(;ru?:ee . e/:;:;“(i'c) CoLD CcoLD  COLD coLD
(kw) profile

129,023804 Z
1 0,00380554 1041705,7158 3964,25 5598,639
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2 9,09628119 0 0 1634,39
119,923719 Z
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Actual Streams

Stream Sink B1
Heat Flow (KW) 3995,127
mCP (KWIT) 4584,7887
g sum DH
Interval ¢ | nt eEr((:Q/F\;\%éI) nt interval fsc;ru?gz T(_EAn:;u(aolc) COLD
(kW) )
profile
114,871387 Zz
1 0,87138738 4584,7887 3995,127 3995,127 |
114
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PEKW)|[ T* * PEKW) T**
0,00 315, 0,0 114,
-75 3, 312, 13995 114,
-75 3, 161,
-1930 110,
-3098 1009,
3211 104, |
-3351 99,0
;3611 94, 0
3741 93, 4
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6136 60, 0
-6 313 57, 3
-6 855 57, 2
7137 52,09
7423] 51,7
9256 44,0
-10087 40, 0
-10524 37, 8
-12128§§ 30,0
12134 29, 9
-12263 24, 4
-12309 20, 0
-12348§§ 15,0
-12369 10, 0
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Source
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MP steam

753,19 | 5753,76| 5000,57 | 753,19 0,00 -753,19 753,19 0,00 -753,19

LP steam
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Cooling Water
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Cooling utility at

¢**:8
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C

Total cooling needs

(kw)
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U UsUgli,30BYsUs Uj soed] 3UAda UddgycUsU d deaUaUy s.
"3 80U0acdilllegs g hoaes Ud UsUyoUsUsayd U UsUetUsd
aUUUs Yoarxildh awWd we 8g¢ UUsWasgWeay. G e UUU UgUY ~Ujegt
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Extr Cooling Extr | Fuel Extuel|Capt cQ
HeatiChi l Sea W,elect consumgconsumg ratgqavoid
(kwW)| wat é { need| (kg/h ( %) ( %) ( %)
Base ( 0,00 - 7629, 0,00 1500, 0, 0% 0 % 0, 0%
MEA CCH 5753,108, 13079 508, ! 2475, 4 65, 0% 92, 5 56, 1¢
No heg MDEAZ 5598, 95,¢( 12867 495, ! 2396, 59, 8% 57, 9¢
. 92,5
integ CCS
K:XCQCCS| 3995 63, ¢ 12501 462, 2188, 45, 9% 85, 99 58, 9¢
MEA CC| 4118, - 11443 397, ( 2203, 46, 9% 92, 5 63, 0¢
Pinc WD E &2 2 2360, - 9629, 400, ( 1908, 4 27, 2% 92, 5 72, 74
Analy CCsS
K:CQCCS| 783, - 9289, 425, 1688, | 12,6% 85, 9 76, 34
Tot al MEA CCH 5000,108, 12217 508, 2358, 57, 2% 92, 5 58, 9¢
Heat| MDEAZ
integ cCs 4121 95,¢ 112914 495, ! 2219, 1 47, 9% 92, 5 62, 5¢
K:XCQCCS| 2518 63, ¢{ 10828 46 2, 1964, 31, 0% 85, 99 65, 61
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a3 U decUtasUGUsayY 6Uj Us Udg sl Yi wllssU pthdid) de W 3lsbaizUd

Pb (hp) Pb (W Cp, motor Tot al
2, 66 1981 608, 57
PUMP
gh f¥sh|Q C(ism) S | Ft| Fm|Cp, pumpl 11,232
5,39 0,040,02, 12,04 10.623
Bs liae YeaoaUd UsUsalUd "egAgpRigwys digd)isdailUxs ajla
aUs bjyateesalUUs UalUfhd U*fs ey ars Ums bhgpstL aUxs3
K seysxd, aUebyYsesUUgd hyos aUs Uds ¢e99)e @
alUai ysgs, U sayo2U00Us U3Ua~a~UaU99Y OU0 udecUal
(U3sU a2eyrvld 3Ujei usUyoU8ald oaUs usUei Ud) 30U
Us Uea lige. e W UaaUgd U sUUaci 3 y¥3U GecUlUR3 UegUad!
Use asleegila e U o2a3Us UgUe d g hdUGd oUs h
dge Uy osaUeh¥3aUUUs 30U ed3o00gUgyaloud zgpUesgdldld
U eUyaU¥eUatiosU g hdUGd gosedUUU0aUUs oaUs o950 U
GgGquYUws. jgUh yeUs vd UMO®EyWaAIE cdJd 4 Uas U aiw ey Dt
g 6282950 U0U0a aUe oahOUed Usze asiteegi oY 85U UszUaa
atisU "aUlld. yoes UlekeqQUdd Ua»FaWBd c¢ deolles dd:
UsaUasd “e6g UdGey ¥ Uds Uisdad Udd alUddd Ueg U
GeoUai Ud, "~ aly GUds GUead U 6y hiaddadd.
das3 Up8)dec OlisUGUsaY cUjp UsaUdystUsoay¥Y aUskKeEROIUd UsUas1 3 &
Pb (hp) Pb ( Wat Cp, motor 2 EFEgseasah
10, 75 8015, 6 1.205, 03
PUMP
gh fsh | Q Csm)| S Ft Fm | Cp, pump 11.968, 4
14, 9 0,02 0,1 2,1 2,00 10.763
6. 1720 Usahodld Gge osU0GUL 3
¢ G ehfﬁ’nti’)lag’s dge sUGUL 3 6g G6J) Us¥Yeea3aUUBQ osU Uds
Gas3U0U0Us U B Ud7m] Usalyiad
o , Ofupb® Fod® O p A X
y 84(g:
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B Ui 6d Gge sU8Ue “"6g U sayo0UUs UaszUs 8 (Ggoc
UsalGxyiddd Ule DY Uligeg BWaYee ChHp Umas seayp saiWalg b Un Ut
aUsUegbamcD:g’Ol’j’vs d g hdU08d ~vd d UsalGyadd e 6y} Ua
Gdge osU0GUe Udd umYdUsaad Gals 0dbgadaWms sl UdagU dedl ¢k
Usg oYdU Gge sUGUe alUcbhyYadpepobBbagod®dahiPaedczald
eesyYuU UjegloYe OtlddJBoldegd ~ Uy UayvYUx
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Cp2064%)

Co20(4)

ME A

COMP1
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39. 83¢

280. 57

258. 17
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1,00

72, 9¢C

17. 34]

122. 16

112. 3¢

COMP3

1,00

265, 3

50. 03+

352. 31

324 . 1§

2
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ThaUs
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2,

07 4

MDE & Z

COMP1

1,00
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39.69
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1,00

71, 2¢

17.02
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110. 31
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1,00

272, 7

51. 17
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331.60
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699. 8

, 06 U

KL Q@
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1,00

201, 2

39. 88
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1,00

126, 0

27.17

191.

176. 07
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1,00
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309. 55
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ZUd s Uya Uxdd "e6g @Y 8sa6d UsUsayYalUdd byaliaUUU
30" 0;33vyUs Us Y3y hyose, 6 GgoosUsajyoseysasad UsUaa¥Yo
Ue UebUUhR Us grollesh ddala aillly Ulyq w0y Us Uy cosa¥Y g 6aa60o
UsUeoaUoed, mMWag s ;000cdp 03 UaaYoa Ud.
GosU Usgd Galosetf¥oligUoed UasUm cd03 §OU9 dd Ugshd
"¥vd d UsalGyidd stcei Us UgUei GaU. jJoaheUCBsU Usgd
h eg d ~alld oUd@Eae goylbeohiss Uillibaesd () wddtaeg 0 0, 55,
Uds "~ Ujya Bafd Uxs 69
Bs Useyd Uxs GeoUusUGUsat 3 6 U)Jdolda dhism 1 89 f jUdks
aUs Ue oaholUed Ux3s UsUesaUaUit 3 dUyehUdqUUd byalal
das Up8drhalUed UsUsaUsaUits dU0;ehl0dqUUd ee3yulUd U0 u
A ®OmP (bl Fm | Fp | Fd Cpo(196/ Cpi9ses Cp20(4)
HEAT X fﬁg;:i 374, 2,5(3,70 | 1| $22.43%$84.1{ 545.211
HX1 fﬁg;:i 64,9 2 3,70 | 1| $7.189$23.4] 151.778
Car bo shel |
Capt u HX 2 St 0.7 2 3,7 0| 1| $6.128$19.9( 129.384
CONDENS shel | 9,24 2 3,] 0| 1| $2.02] $6.26| 40.6009,
REBOI L kett| 4 4
(KETTL| reboi| 104 2 3,70 1,9 $9.76¢$9.44| 320.335
HX1 fPSLH 10,9 10 |3, 0 | 1 | $2.254%$6.98| 45.284,
HX 2 fff“i 2,64 20 [3,]0,] 1 $892,| $3.04| 19.716,
St ora
HX3 fﬁgé:i 11,7 100(3,|0,8 1 | $2.37($11.3{ 73.802,
H X 4 fﬁg;h 0,49 100/[3,|0,8 1 $281,| $1.35| 8.777, §
Fgsecasoah ohtUsd 1.334.9
a3z UeWdgrhtlUed UsUealUalUiLs dUIDERRIH4UUY ece63yYuilUd U Us
A @ P (bl Fm Fo | Fd Cpo(196 Cpi196s Cp20(24)
H X shell [1000 2,5 4,% 0| 1 | $42.51 $191.3| 1.239.5
floati| 63,4 2 3,242 0 1 | $7.081 $23.10] 149. 6094
HX1 fﬁg;:i 113, 2 3, 7 1 | $10.34 $38.78/ 251.306
COOLER fﬁg;:i 32,4 2 3,70 1| $4.619 $14.30 92.700,
Car bo Sl
Captu COOLER Z/'° .| 68,1 2 3,2 0| 1| $7.41¢ $32.64| 211. 480
COOL ER fﬁgégi 22,8 2 3,170 1| $3.649 $11.31| 73.302,
CONDENS shel | 15,9 2 3,10 1] $2.80 $8.710 56. 433,
REBOI L kettl 4 §
(KETTL| reboi| 68.¢ 2 3,2 0 (1.3 $7.407 $24.14| 156. 4686
shel l ,
HX1 leatil 3.5 10 3,70 | 1| $1.087 $3.357 21.751,
HX 2 :P:Hi 7,3/ 20 | 3,70, 1| $1.749 $5.944 38.514,
Stor a
HX3 ﬁf;h 11,4 100| 3,710,858 1 | $2.344 $11.28| 73.110,
HX4 fﬁgé:i 0,9| 100/ 3, 41 $451,| $2.170 14.062,
Fgseasah oahRiUesd 2.378. 3
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das UeldrhadlUed UsUsaUsaUts dWKeadhUdqUUd cea3yvulUd U0 u

A ®OmP (b Fm | Fp | Fd Cpo(196 Cpio6s Cp20(241)

HX1 fslhoe;t'i 657,] 1 |3,70 | 1| $32.36 $145.6| 943.694
COO'—ERfslhc?;t'i 140, 1 |3,4 0| 1| $11.85 $44.46/ 288.083
Car bo"COOLER| shell ] 2
Capt u Sleati| 10,04 1 3,20 | 1| $2.142 $6.640 43.025,
CONDENSY shell 9,1 1 3,10 1 $2.014 $6.246/ 40.471,
REBOI L| kettl ] <
(KETTL| reboi| 168 1 |3.70 1,9 $13.33 $67.51| 437. 454
shell 4
HX 1 S earil 3.4 6 3,/ 0| 1] $1.079 $3.326 21.554,
HX 2 fslhe". 8,0] 20 | 3,0, 1| $1.844 $6.297 40.803,
St or a oat i
HX3 fslhc?;t'i 10,6 100|3,|0,9 1 | $2.2271 $10.67| 69.169,
H X 4 fslhoer:\tli 0,817 100|3,|0,3 1 $434,| $2.088 13.533,
Fgseasah oahuaUsd 1.897.7
6. ITadtUsahodld teecUars “~alUddd
g0 UecUalU “~"alddd oec8Useaso6i3UUs hH vd oaUs UU
Use asleasgi, UdeaUte U a Ugut miadiiiledgs o W0 dovadjda W dl
g Yoe3UUs UU e UalUa sialciwewa@g i U 'Ud ) jefgiddd o Us
GU0aUeUsyd U edealUgldd Urs ~j tilgwes sglefiesy slbagey Ua g
FUds Uy a Uxad! addsthe l‘lJGzrcaUauxL:Mal3, OdG 0y sf]ee:sUUs
Mul,Cetra’afﬂﬁwa,nsUsl 99U Usd uUaUeUsyd U'edeeUg uc
3800009 0UsayY, €U byYad Ue ahGUesd alseg Ui @e6g

3.3 Udd bHBEFEPeoy) UlGaUgd
Uoae Uz Uoafpbefg&UsdfaUrxs UscUarfal divlaspy¥iodi B0 o

UsUGey ¥d Ue 1979 utUas3UUUs U Uds Uszalrad 29U
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' ON@) QRO pd® ynh
w pudHOO T PQ P® ¥ o p

© % TH®00 p® X0 T PQHO pd W8
A Usle hRexd d osctUsahodidd "y Us 30 fdbaUcdUa 0L
ahttUesd 80U bUeaY;sU g eacoasUUUs U Uds ejpead U
aUUUGaUged oaUs Uds “"aUlad aUsUesgjyoaUd, H ¥vd oaUs
U Uds UsalGyad:
6 . 00z § 6 o C

Zhed U’ féalbdligpgdy UUadU03 UUs UU GeUusUGUsayY Uy Us
Gg3UUal0CGUL 3 Ushydyiddd aUs Us ohGUsd Uxs usecUax
dge olddd

das Ul UisUGUsayY Uy UsaUdy ooy (ovaliyd, d Usslkey de hiiliglse 8l alntisU iz 6 U a ¥ 3
ee3yYuUd U tUsUai Ud z K
Flash1CC) Flash Flash
H (m) 3,6576 3,657 3,657
D (m) 0,9144 0,914 1,066
P (bar) 2 20 22

Fp 1 1, 2 1, 35
Fm 3,67 3,67 3,67
W (D<1, 57m) 626, 05 626, 0 750, 9
Cp0 (1979) ¥ Ds 8984, 8 8984, 9629,
Cp@9YsOt airs & m 2380, 4 2380, 2667,
Cpo0(@amn9 n $ 11365,3 11365 12297
Cpt(dt7)9 n $ 41710, % 50052 60929
Cif2 0 P #n 139798, 16775¢§ 2042172
Cpl2 0 p4 128.615]154.33/187.87
Fgseasah FThHGUsJd 470.82

Yas U2l UtisUGUsayY cUj UalUdyatUsay, Useyd Gga3UU0a08U0L3 Ushy
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