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The factors affecting energy consumption of MEA carbon capture

HE Peng” , ZHENG Bo-hong, GONG Kai
(School of Architecture and Art, Central South University, Changsha 410075, China)

Abstract : The coal-fired power plants are considered as the main source of emmision of carbon dioxide ( CO,) in
the city. The flue gase carbon capture is the best solution to achieve a city with low-carbon emission. At present,
monoethanolamine (MEA) chemical absorption method is usually used in carbon capture field. The energy comsumption
characteristics of MEA carbond capture system are analyzed based on the research status at home and abroad. A
calculation model for renewable energy consumption is established. The effects of carbon capture rate, absorbent
concentration and CO, load on the regeneration energy consumption are studied. The results show that the energy
consumption per unit of regeneration is calculated as 3. 84GJ/t. The renewable energy consumption is incrased with the
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increase of harvesting rate ,but is decreased through increasing the mass fraction of MEA and CO, load.
Key words: carbon capture; MEA ; regeneration energy consumption; influencing factor

BEE i LA AL B i bR, i RE Y 9%
1 CO, HERC I TS I, S 1 BAR BRI, A
AR B 07 3, W A A AR BT AE PR . R Y
BRI AT RETE Y 32, M0 HE S kS CO, HEL R Z
AEBETE, T CO, S A R O A AR
KA RR R e T B4 BRI S 0 , ™ T 52 ]
AT o O T AR I A RN, BT AR 5 B B A
7R (carbon capture and storage ) 15 2| Pk & FE R iz
Wi €O, F BRI AR T MR, kT
CO, HEHCE LY 40% LA, PR IR HR A 7 e 47l
BABRNEHRE 1. AR, CO, i 32 24 Ak
AR & AIRBEEA JABEJa BBk B A A2
FEIABEHOA 4 Bh5 ik, Hoh B8 Ja IR SR e 25 5y 5%
B FRIERRA B AR b T R R B, X
At A E ) OBWERRLT 3 A asya s H
SEIL TR S BB o I N AN TR IS ik 45
ARWFFE F2 B AR TP e S FE I R G S B (MEA )
WCR GE, MEA Al 4 BOR B I MEA Rl
SEHR FEAR R OMEA W5 B B, 35
I8, 38 TR LR CO, JEBR s @MEA B 4 4
ARITFEAAT IR, CO, BLER AT 35 99% ; QMEA
AT 58 R GEAE Il 1 BRI A8 847, A G R

LA B AL

Hanak %% XA HLATHIKE G 7 23047 1 10F
T, A T TR Gt i A BT 3 B LA is 1AL
RIRTFT 4.15% . @b %7 B TR R
HHPNRZEMG T3 A T BT R St
YL B R KR [0l 67 . Wibberley #7 K BH REAf:
A G R GU A PR, BT T K BH AE i I i Bk 12
AR IS T B R PLA G B . A
SCHRR A 5 2R S8 I AT 58 22 S OB L BRI 5, 36
TROLAL AL BRIP4 REAE THI I T ST iR b, A3
HTE E N A T ST JE A b S T AR RERE TSR
T IF9E T e diti 4 25 W ok B2 IR R €O,
77 X A BEFE R

1 MEA KRS

K1 9 MEA BREHSE RS T 20, Ml s
It i A L 2 AR 0 8 e A R K A 5
SREEGEIUIN G , 283 M0 S8 A6 e A WICEs
FEMCEE p S MEA 27045, MEA 540
(1) CO, Jr:—ZR A o S A R 3 W R, 4e 4k
P A AT B HE R A i I
KT 105°C i, 25 IR R 70 i LE i MEA 11 CO, .

I F5 A A 2016 —03 - 18

EEWA : [{E A RPEEEIUH (51478470) 5 9115 & @ BUTRHTH 10T H (KY201305 ) 5 R 45 W58 AL BHUFRIHT T H (CX2014B067)
YEZ BN BME (1987 — ) I8 W0, AR, WFE 5 1) AR B 5 A= A9l T BT, I RN ,0731 - 88830104, hpjzyysxy@ csu. edu. cn,



2172 - A, AL T

P, MEA & RE A B8 IR B TR CO, ;5 CO,
ARG s 4 Ak BE OB L oK s MEA ) J0RE T
CO, JEHUB AL A, FUHE ARSI, SE Bl T A~
AR TR

MEHMCO,

LR S

LK 5 2 FE AL s 3— T 1S 54—

S B WA ;6 ST HIR T —AMEHHE 8— B RSB

O—FOWURE 3 10— LA 5 11— FRAE S8 B 3 12— FEAE S0 s
H1l REXRARTLRE

ARSCH LA 600 MW il FEALZH B4 0 0 <l
WFIERTE S <2 N, . €O, .0, H,0,
NO, SO, , ®IK &, 28 B A R It i JBd A S 1) 0 <
SRR 1 s,

*1 BmBHEENESSH
gy TN/ TSy 0 Rk CO, B Ny Bt O, JRAL ANt/
T T MPa % V% HEV% BEU% (thTh)
¥ 62 0.121 5.2 13.8 75.9 5.1 2430

WA AR T 20 KB MEA Iz1i CO, fk2E
W R 7 A, (1) ~ (7).
H,0 + HOCH,CH,NH,H" == HOCH,CH,NH, + H,0"
(1)
2H,0 ==H,0" + OH" (2)

(L35 170 ®)

fEAL A B SR N, e £ D B iR
R BEEE o AT A R 2 o wi ey S 5 o
W Ty BERAE L3 i A AR N , S o A8
A I DX ) 2 YT B 25 ) 3 ok s e 2L 18 A, DT 32
BT Ui A A 28 A e B B A AR TR R
FEFIREREFE . ELHURNE A I 7 3 ZE RS0 i U sk
TR UR LA W P, HAZH 53 il Bl R A e AN
K, R R
3.2 BERERE

LR REA G, A 8 98 E 2% B R 8 a2k
TR ENE RIS, R R A 75°C 173
167°C 5 B 225 ol s 2 BN D PO 4 s Lk iR H1 2%
A PR K 45, DO 28 7 25 i oy 87°C A3
145°C , Jk 7 4k 2% B R E i 76°C L F+ 2] 98°C,

536 559 5

HCO; + H,O=—=H,0" + COJ" (3)

€O, + OH™ —— HCO; (4)

HCO; — CO, + OH" (5)
HOCH,CH,NH, + CO, + H,0 —

HOCH,CH,NH,C0O0" + H,0* (6)
HOCH,CH,NH,C0O0™ + H,0* —

HOCH,CH,NH, + H,0 + CO, (7)

(1)~ (3) b Kb A2 SO Ry VA S, =X
(4) ~ RT) W R BT H 3D )24 L
2 HEgRFEITEER
T A P
Qu = 0. + 0, + Q (8)
A, Q. WA BREFE, K)/h; Q, & W i
kI h;Q, AR CO, B i A2 RO, kI /hy
Q e NI IR K/
W TR P
Q. = K(X¢o,n/Aaico,) x (M,/®) x C,AT (9)
S, C, o MEA {952 JE S K)/ (kg K) AT
FRAEIE IR B2 5 A B T BE 2518, K K 2 MEA
PR IE B 385 Xoo, N BRI A8 J5 0 b CO, 1Y
JEJR it i, mol/hs m R BRAH HE 2, % s M, Sy WSO
MEA RYEE/R i, kg/mol; @ WS MEA Jo i
S, % s ey, ORI CO, F
MEA R &1 W0E Hs LA
CP = ey X@ +c¢, X (1 -9) (10)
A aCMEAﬂ‘j MEA tti&@,kJ/(kg‘K) 3 Cy NIRARIK
mEEFAEE k) (kg K) o
R CO, s AL 7 RBE A

2 BT R Y AR ER S 7K 80 vh,
4 s

Xt SR ST, A 2R ) e JORE e R
R DX A 125, B FRORE AL, 0 v ) 51 RE R
FE, TYRETI /K IR, 2 2 A 200 5% 0 B il O 2
LIRS E PER R B2 T, WET s 13 B AT 2 5F
BORSEbR . IBH] T I 2 T R0 R e BE TR T
FBCE H Y

S 30k

[1] st R RE R FE—— M B 3 2R ik R Gk

J1. AR AN T ,2009,25(4) <463 —471.

[2] SRA82. MRl S IM RGBT X RERALL T ] A bl 5 1k
T.,2011,42(5) :85 -83. W

—



2016 9 B BRI BT BB AR R RS $173 -
0 = Ceo,Adco, (11) USR5 SR S SR 11 ] SR A

K, Geo, y CO, MR £, mol/h Ag o, 772 CO,
JIr e B A SO A K/ mol
FRAE S
Qux = RriuoGeo, (12)
A, R A FFAERE EEBIEIR LG 5 0 A 7K BIVRALTE FA,
H 39 kJ/mol,
55 (8) ~ A (12) 7531 MEA 14 BRBFETT
SRR
Qu = K[ Xco,n/ (ado, = aco,) ] X (M /@) x ¢, AT +
GeoyAdco, + RryyGeo, (13)
kX (13) 15 . MEA FiA: G FE 11 A
LAY
0w = [K/(ad, = ato,) ] x (M, /@) x c,AT +
Aqco, + Rripg (14)
M (14) FTLUTT H , Bicdili 56 OBOR PR A REAE S
WSO PR BT e RER SR G . ATk MEA fF
FWGR, 2 (14) B R IR E L L IES L CO, fifiT L Ak
R AT BEEERC B AR EE S
MEA Jii5 /340 @ A%, MEA 7 73 BuloR, f4
REFEHIR
TS UE A BE AR T B A A oE A L R
Aspen Plus {11 MEA Wi CO, ¥y b AT Rl
Bk, 2 AL i ELECNRTL {5 B2 28 $isE AU %t
WSWEHEAT /30T, R ] RK J7 B KA B4 #4743 #T
# CO, N, 0, & NZEHAH ., BRI R,
1 CO, BYHHER B E N 85% , MEA ¥4 Jot 5t 77 4K
I 30% ,ZTW Al 0. 22, 7E Aspen Plus B {4 rp 5
it MEA A5 RS0 A REFERC AL, & 1 R 50 i I
P RANRSEAF AR 2 s .
F2 MEA BRHERFGERIEEREXSE

B B BRI
HSSrEsRs  Flash2  [NZESF:JE ) 0. 101325 MPa, LB 30°C

FE4EHL Compr  HE K7 0. 21 MPa, S5 0. 7
HARHES  Heater ZBEIERE, IR 40°C

7 e 3 RadFrac #Ak3L 11 2,38 T)E /7 0. 12 MPa
53 E Pump i) 0. 21 MPa, S04 0. 8
F S HeatX ¥ th FAE 95°C , 2006 s [

i 0 1% RadFrac [B]3i Lt 1. 58, 85 i /7 0. 19 MPa

AR MEE Heater  ZMEIRFE, th HREE 25°C

FHES e Flash2  #EKT] 0. 19 MPa, iR EE 25°C
TR Pump 5] 0. 21 MPa, %5244 0. 8
RERE Mixer  #iIEA

PR A Heater  ZIMSIRFE, th HREE 40°C

T S IEAS SCHEE ST BB A R e A REAE T

SCHRC 12 Py i B (AT X L, a3k 3 BIR
#3 XEESATE L

5 H SCEk[11] Sk 12] AL
S CO, B/ % 10.0 16.5 14.0
WA ER/ % 78.9 51.9 85.0
MEA it 404/ % 30.0 30.3 30.0
Hilk CO, ff 0.504 0. 464 0. 500
T CO, T 0.190 0.308 0.220
A RERE/ (GIt™) 3.87 3.98 3.96

HIZR 3 AL, AR SO ST ) P AR REAEAR R TS 4G
R SR EREA T . B0 UE 7 A SCHH AR 4 v
FIRTEENE S SO - A REFE 2 i A 3% 19 73 BT 23 7
T HHEHER

3 BEgERTmMERSM

3.1 BHEERKZIE
TA G THER SEREARCR . R4
HM 10% A2 AL 7] 80% , 4 B BEFE I 147.3 GI/h
HEINE 1006 Gl/h A BRATT AR AR BN, & TR
AR A A ORI AR S AT IR R, e AR
A RERERS
R4 TRBHEXRTHBERR

Wi g/ fE#e/(GJ-h™")

% 0, Q. Qug Qur

10 37.5 56.3 53.5 147.3
20 63.2 89.3 82.8 235.3
30 85.6 151.3 133.5 370.4
40 132.4 218.1 193.9 544. 4
50 187.4 240.5 226.3 654.2
60 193.4 310.3 278.3 782.0
70 223.4 363.4 290. 4 877.2
80 238.9 413. 4 353.7 1006. 0

R, MR 1N 5% B, A= B e FE
BErain 64. 521 GI/h, R, Bl 4 R AR, BIr g
P PR RERERRAIS, Bl 5 R MCR M & . (H27E T
RN, A TARIE CO, BRBRFIH, Bl 82 R IF A
RETCRR/INe PRI, W 257 P RRFE RIS AR 2k AE )
A BRI OR
3.2 MEA REH BN

B2 254 T MEA [t 43 500 P AE BEARE R 20 .
B MEA 3598050 4380 TE, fb2f R W FAF AR <



174 - A, AL T

i R AR AL (H R WO PE A W
IR, Pt MEA 7804 S REAERE MEA J5 R 70 %0
(LT I8/

400
=350 \

”g 300

* 250

=2

< 200 4

% 150
& 100

B 50 m
06 20 30 40 350 60
MEA R =580/ %

1—0,32—0,;3— 04, ;40

K2 FAisds MEA E 585X R

24 MEA J5 82 53 BRI, 74 S REAE Hl 2 6 2
R B2 MEA it 73 BOR T 30% i), P S BEAE
MW 22 . (H2 AN, IFE MEA BTt sy
B, T MEA XHfbivgs i s, Hom
IR REI i, R, MEA J57 &8 73 500 A 0B 17 46
T B T R R A REAESL [ D
3.3 CO, AafrrIFNT

K3 25t 1 CO, ffar X P AR BEAE 2 A Fill
& CO, Tufng BB, fh oy S AR PR A S P
SRR, d a0 (1) ~ 30 (12) AT, A7 SO
ORI IS CO, Tt ek, Ik, fhor
P AR A A2 CO, T B2 5 (ELE,
T BRI MEA 780 CO, Gy A4
REGo T W O HR B AR S R, B SRERE
W& CO, B 4% i A

3300

4 200 2 3
¥ o o ¢ o
070,10 0.20 0.30 0.40 0.50 0.60
CO, Sty

1—0,32—0,;3—04,, 40,
K3 CO, AfrxtFEEENTm

24 CO, ffuf AL 0. 05 H&fm#) 0. 1 i, F5A= KL BEFE
A2l B o, BEAIRIRE 35 1 112. 589 GJ/h; 24 CO,
fmiK T 0. 25 B, A S BeREh £k B ks T 2%,
CO, fiiff A 0. 25 4 n 51 0. 60 B 1Y A% £k i B 24 Ky
259.589 GJ/h, CO, fifirph 0. 05 #41%] 0. 60 i, T
HE MABEFEH 3 042.989 GJ/h TFF&%) 1 002. 716 GJ/h,
FEARIE A 2 040. 273 GJ/h,

36 B5F9H

4 i

N T AR , WL AL AR 9% 07 30, Wik
BRAT SR MBS AP AR . AL D ki p €O, B9 2
SRR, PRI A A e A B e S BRI T 114
RAET S o AT il o S PR REAR T SRR, WY
FE T BRAM SR GRS L CO, iy AR REFE MY
SR BIFFEARI (DA SO 8 57 19 P AR REFE AR 1T
BE 9 3. 96 Gl/t, 55 3CHk A A Bl AR I, R AR ST
HRRE L TR0 BE A o s P AR BEAB R 4 4R R 9 T
PR TSR, B MEA J5 i 70 55000 38 i KA1, B &
AR CO, iy BTSN I ] o

% 30k

[1] Chalmers H,Gibbins J. Initial evaluation of the impact of post-com-
bustion capture of carbon dioxide on supercritical pulverized coal
power plant part load performance [ J]. Fuel, 2007, 86 (14)
2109 -2123.

[2] Huang B,Xu S S,Gao S W, et al. Induatrial test of CO, capture in
Huaneng Beijing coalfired power plants [ J ]. Proceedings of the
CSEE,2009,29(17) ;14 -20.

[3] Henry W, David R, Kenneth L, et al. Progress in carbon dioxide
capture and separation research for gasification-based power genera-
tion point sources[ J ]. Fuel Processing Technology,2008,89(9) :
897 -907.

[4] Martin P, Henkel J. Life cycle assessment of carbon dioxide capture
and storage from lignite power plants[ J ]. International Journal of
Greenhouse Gas Control ,2009,3(1) :49 - 66.

[5] Gribner M, Morstein O V, Rappold D, et al. Constructability study
on a German reference IGCC power plant with and without CO,-
capture for hard coal and lignite[ ] ]. Energy Conversion & Manage-
ment,2010,51(11) ;2179 -2187.

[6] Hanak D P,Biliyok C,Yeung H,et al. Heat integration and exergy
analysis for a supercritical high-ash coal-fired power plant integrat-
ed with a post-combustion carbon capture process[ J]. Fuel ,2014,
134126 - 139.

[7] &, BEE, T4k, 5. Bl £ RS S MEVLA ST R 5
PG BT AT T]. AL % 2014, (6) : 1616 — 1623.

[8] Ehrh &, Edkik, EEE 5. KB H BIAEHL AL R R 58
PEREWFTE MABOR TR [T ] vh E AL LR =41k, 2014, (5)
724 -732.

[9] Wang F,Zhao J,Li H,et al. Experimental study of solar assisted
post-combustion carbon capture [ J ]. Energy Procedia, 2015, 75
2246 —2252.

[10] BERI7, T4 MR Bl 4R RETWREIE [T ]. Bk
1.,2015,35(12) . 154 - 157.

[L1] ZEME, PRid. 50 L BRI CO, Ay SRR i R AL T ).
T 241 ,2014,65 (1) :47 - 54.

[12] Notz R, Mangalapally H P, Hasse H. Post combustion CO, capture
by reactive absorption; pilot plant description and results of system-
atic studies with MEA[ J . International Journal of Greenhouse Gas

Control ,2012,6:84 - 112. A



