Korean Chem. Eng. Res., 56(3), 335-342 (2018)
https://doi.org/10.9713/kcer.2018.56.3.335
PISSN 0304-128X, EISSN 2233-9558

HAZOP 7| = 0| S¢et O|Lt2tEta Fe| S fIgd Yot H O &y ME
S8l - 28!

AW o= gleks et
22012 QUHFAA] A oM R 119
A, 20189 524U F9E A, 20189 59 8 AfE)

(2018 2€ 199 FH, T M

HAZOP Study for Risk Assessment and Safety Improvement Strategies of CO,
Separation Process

Chanhee You and Jiyong Kim'

Department of Energy & Chemical Engineering, Incheon National University, 119 Academy-ro, Yeonsu-gu, Incheon, 22012, Korea

(Received 19 February 2018; Received in revised form 4 May 2018; accepted 8 May 2018)

o oF

=t =
stel ol 8] Ak #A oux] 2 37 dtbel] ti-gsly] st thekst 7)ol i 9 A58} wAle] 9lom, 53]
> CO, 7] % ZZ|(CCS; carbon capture and sequestration) A4 2] T3t

ot o]g3t olakslE i (CO,) Bl 38
A2l A T)Eolt), & AgelMi= 83 Fl okl 71HE COo, 7] 37 4 W HEES 55

=0 T 99 eE
S 91 S A

TrgstaL ok 3@ et o gl thst S84 8712 sb7] 918l HAZOP 7= ©]-8-319l
o, 9% S5 E(Risk matrix)S o]83to] 7HE 9 QA A =91 WU RA Fo 99 eAE ¢
SPAZIAY AAG 7 Q= AR 22 A e AE 9194 87 AvkE 2Rk o2k, el g o)
o, w9 o] g Fol T2 91¥ 94w Y WU, 98t Ao w rE sk el ek AlvkE] e 1, &
Azrre] de] gl w, PSV 5 o B AR S AR WA Bl A B Al S ARSI

e Ee— &2 o=

Abstract — Various technologies to cope with the energy and environmental issues related to the chemical and electric
power industry are in development and demonstration stage. Especially, the absorption process of carbon dioxide (CO,)
using amine solution is a key technology of the CO, capture and storage (CCS). In this study, we identify the major risk
factors and suggest strategies for safety improvement by analyzing and assessing commercial the amine-based CO, sep-
aration process. HAZOP method was used to assess the risk for the process. We provide facilities and operational strat-
egies to mitigate or eliminate major risk factors by assessing the relative ranks of identified risk factors using a risk matrix.
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Fig. 1. Process flow diagram of the MEA-based CO, separation process.

Korean Chem. Eng. Res., Vol. 56, No. 3, June, 2018




HAZOP 7|%& o] &% oibshera: 2] 34 91994 7 9l ke o de 337
S AREEITH18]. MEA 79 CO, 28] 34L& A8 oz F 7] CO,7F AAHTH
o] o] 2o w2 Tk 3 WA BHT-101) & FA12 AR 2O S Y o mA FelE wl7) ZkaE 4121
= ot &) CO,E FFohztl AHE- T whebA o] F5% kmol/h o]t Z4-(CO, 11%, N, 76% H,0 6% O, 6%)°]th
S WA 0 & 557 (Absorber)ehal FE T, FUE = AR ThA A weh] 9 ZelA Q] 25 o] (LMTD)E 10 °Col™, ¢+
= AAH O R CO,8 HSE A B 4 9l o] B0 A 7= Ak,
O o}yl oI} 5L Bk HEHA Fl €3 cot Fr Fotol el gk 2SR 5 kpaol 3 EAROIN 9] 3k 7l
o}ml =& (Rich amine solution) & & W37](E-101)Z A1} o}F = 10 kPao|t}.
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Ok E59 obtl 5§12 YA A H obFl 89 (Lean F vl 1970]e),
amine solutiony> & W3F7|Q1(E-101) & Z A absorber® THA] U - Kettle £33 9] 2] RU#E AMEEF A1, partial-vapor 73] &
th 28 € oy 7 A el Aol wliE gt AAE ARSRIE
ATl MEA 71RE CO, Y 3785 48 BAPIE o) & 37 BAL AT A 2] = A Ak} B Fe] BE JRE
sfof mARSIIOM, 39 BA] AHEE 7P W A 2ADesign  BASTE 53] b TR i@ AAH BB W
specification)> o2 ¢} 22}, eI Ate] 29 ¥R ofn] A4S Skl T3 9f Tl 9]
8] 7FA] €O, FrEE 199.5 kg/hro] ™, ©] T 90% ©]739] 3 92 s, 7 A A7 913 247t el e
Table 1. Main equipment, operation and normal operating conditions of the selected nodes
Node Section Main equipment Operation P[MPa] T[°C] m (kg/h)
#101-1 Feed ~ T-101 Absorber, flue gas and treated gas lines Removal of acid gas components 35 25.0 1,200
#101-2 T-101 ~ E-101 Absorber bottom, rich amine line Transport of rich amine to regenerator 3.1 36.0 44,238
#102-1 T-102 ~ E-104 Buffer drum, lean amine line Supply of lean amine to absorber 0.1 120.0 3,038
#102-2 T-102 ~ E-102 Blow down drum, pump Gas storage and transport 0.09 50.0 2,869
#103-1 T-102 ~ E-101 Regenerator, lean amine line Regeneration and transport of amine solution ~ 0.12 125.5 44,051
#104-1 P-101 ~T-101 Regenerator overhead system Transport of removed acid gas out 3.46 35.0 44,058
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Fig. 2. P&ID of absorber (T-101) in the MEA-based CO, separation process.
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Fig. 3. P&ID of regenerator (T-102) in the MEA-based CO, separation process.
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Table 2. Guide words with relevant deviations for HAZOP study of the MEA-based CO, separation process

Parameter Deviation 101-1 101-2 102-1 102-2 103-1 104-1
More flow O o o 0} (¢} O
Less flow o (0} o (6] (¢} O
Flow
No flow O o (¢} 0} (¢} O
Reverse(back) flow A A (0] A A (0]
High pressure (0] (0] (0] (0] (0] (0]
Pressure Low pressure O A O A A O
No pressure(vacuum) X X X X X X
Higher temperature (0] (0] A A (0] (0]
Temperature
Lower temperature O (0] A O O A
High level O A o (6] (¢} O
Level Low level O A o (6] (¢} O
No level X X X X X X
More reaction X X X X X X
Less reaction X X X X X X
Reaction No reaction X X X X X X
Side reaction X X X X X X
Reverse reaction X X X X X X
X . More viscosity X X X X X X
Viscosity . K
Less viscosity X X X X X X
Abnormal operation X X X X X X
Mechanical failure O o (¢} X (¢} O
Process maintenance X X X X X X
Others
Leak O X X X (¢} X
Safety X X o X X X
Other X o X A X X
O: Applicable; A: Not applicable after review; X: Not applicable
Table 3. Risk matrix for HAZOP study of the MEA-based CO, separation process
Likelihood 1 2 3 4 5
Severe Hardly occurs Once in 50 years Once in 20 years Once in 5 years Once in a year
1 No loss I I I I I
2 Slight injury I II I I v
3 Severe injury I II 11 v v
4 Several severe injury I 11T v v
Risk level: | Very low | Low | Modest | High _
719 R ARPelM T2 AREEY] wiell ti71] Rl & 4-2. 91 @rr

of Tk A2 7Hgetaleh AL o]2e |2 sto] 914 4]
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Table 361415} o], 918 S AbaLe] sl Abne] o)
FE o] 1V 5 5 5 5 ToR A4shath 918 B 1Y
I 51§ 7Fse ARSTHoRH U 95w AA 247} 18
o2 73t 913 55 1> As Low As Reasonably Practicable
(ALARP) 93] ef w2} -5 5l FJrE] SHolM e o e4E a3t
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3l == 91384d0] =2 AE 77 Node)?! &7 (T-101)2]
FQ T #101-1, EAV(T-102)2] =2 TF7F #103-19] 3} 2+
22718 v el E Ao, o] B 8 A 8AE
49l 50l g.oksto] Lfehigict.

HAE 7 node #101-12] %, # ‘j/k(Flow)ﬁl W 3}(Deviations
of more, less and no)’t =3+ $13 & A 53] S
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high, lowy’} 2.3 913 @47 EAHITE 53] $57417] 9l Alo] A (N v e ) 1
Wy 7 ke A W7b)(E-103)2] ¥ @7 5o dlow - P-1012] 27
C-

7)
SAZ(T-102) 2] 255 28sHs &5 A 9@ 227|(TI - F7)1AR1 A Al
104)2] 3] wAE ) %2 5o @A o] TS st 2ol elgh ulj 7kl k=] =4
Act.
opgl 7|9k CO, 2] 3ol thato] S/ F7ket A, o] i 4-3. 218 2= Y "A M
Tl A 75 s Fol Abaze 9 7 (Raw gas), A2l 71 okl 7|9k CO, 2] 57gell ¥ato] 10270 Dok A 91gk 9
(Treated gas) 3 A+ 7F~(Sour gas)©] ‘7=l &Jgh, 1k, shA)7} 71 & Qo] B35t QA H7E skl 72 el ek ARl At
o AU 22 g E ik 3 o] g ) Alazis ofvl 7]nk 9 A4 S TE wAEHTE tEe] & ATtelA e e
CO, ®&] ¥4L] Fa3 F &, F771(T-101) 2 EA7](T-102)2h A Qo) #sto] dstelAAY AAT Qs 24 9 dek
HHE 93 e4vF 7Pt & dlo] glow, v, °&kE 5 R (Recommendationys =Z3I3{t}. 53] S212]91 -4 4l oAl <]
SF Q1 vk At ¢rsl W AA 2X7FE Qs 913 T ol 918 Q4] et
AR}, A7) B Alo] B 7gel] 8)5k E i H 0] @ 4} P& Table 601 QoFsto] VR QITE K.gk AFglo] 71 W2
- LA} A FA17) W Ao Wiy g o3 2l A7 9] @ 7+Ql #101-1 node= &5°7)(Absorber; T-101)E A 0.2 FAH
e AE TZHNode)olth. =, HAZOP 71W & &3l A s A3,

Table 4. An example of the HAZOP sheet for node #101-1

Parameter  Deviation Cause Consequence Safeguard S L Rank No.
i -FQI-101
Treated gas poor specifications. - PDIA-103 2 2 I 101-1-1
. . -FQI-101
FV-102 Complete opening Operational problems caused by
. : . - PDIA-103 2 2 I 101-1-2
More flow  (due to transmitter malfunction, pressure drop in upstream _PL-101
controller failure)
Operational probl dby  EQEI0T
- e o P10 2 2 1 101-1-3
ow pressure increase in downstream _PDIA-103
-FQI-101
Fire/explosion by flue gas leak -PI-101 3 3 I 101-1-4
FV-102 shut down PI-102
No/Less flow (due to transmitter malfunction,
controller failure) -FQI-101
Treated Gas stopped production -PI-101 2 3 11 101-1-5
-PI-102
Table 5. An example of the HAZOP sheet for node #103-1
Parameter Deviation Cause Consequence Safeguard S L Rank No.
TIC-104D malfunction Fire by T-102 pressure increase -TI-104A/B/C
(due to Transmitter malfunction, Aﬁline /soEr as leakace > -PI-105 3 1 1I 103-1-9
Hioh controller failure) 5 & -PSV-103
1g
temperature Treated gas poor specifications. :]I]lj-ll,g?le/? /CID/E 2 2 I 103-1-10
T t E-103 li
emperature super cooling o TLI00AB/CDE ; ) " o
- iquid carry over PDIA-103 -1-
Low TIC-104D_ malfunction gdue to _ ' TI-104A/B/C
transmitter malfunction, — Treated gas poor specifications 2 2 I 103-1-12
temperature -PI-105

controller failure)

Table 6. Recommendations for the mitigation and elimination of the selected high-ranked hazards

Node Number Recommendations S L Rank  Action order
101-1-4 Review of low alarm installation on FQI-101 of Flue gas inlet line 3 3 I 1
Requiring of Setting up Leak/fire/explosion scenarios and management/training 3 3 I 1
410141 101-1-18 Review the need to install check valve on flue gas line 3 3 I 1
101-1-19 Require Including gas-blow by case through FV-104 failure on PSV-103 casualty 4 2 I 1
101121 Review application of double block valve on N2 line 3 3 I 1
Spectacle blind on N2 line changed to normally close 3 3 I 1
#102-1 102-1-8  Review necessity to install check valve on line(100-AMN-662-06SA0) at the end of FV-103 3 3 1 1
#1022 102-2-1 Review necessity to install check valve on N2 line(20-N2-653-01CS1) 3 3 I 1
102-2-10 Check if D-104 vent is safe location 3 3 I 1
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