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Progress of post-combustion carbon dioxide capture
technology development and applications
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China)

Abstract: Massive emission of carbon dioxide, one of the main greenhouse gases, has caused serious
impact on global climate and environment, which led to urgent need of cost-effective separation and
purification technologies for carbon dioxide capture. At present, separation technologies based on
absorption, adsorption, membrane and low temperature are mainly adopted for carbon dioxide capture. In
this review, the development status, application research progress and future directions of carbon capture
technologies were discussed, followed by summarization on current post-combustion carbon capture
projects at home and abroad especially the advantages, disadvantages and challenges of each existing
carbon capture technology, which has difficulty in achieving efficient, energy-saving and economical
carbon capture independently. It was then pointed out that separation technology should be chosen based on
different application scenarios. In the end, the research achievements of hybrid capture technology was
briefly introduced, which suggested that integration of different carbon capture technologies might lead to
breakthrough of bottleneck in single capture technology.
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Fig. 1 Post-combustion carbon dioxide capture technology
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Table 1 Comparison of regeneration energy consumption
of some commercial absorption processes
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Table 2 Typical absorption test devices at home and abroad
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Fig. 2 Adsorption temperature of solid adsorbents
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Table 3 Performance comparison of carbon dioxide adsorbents
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Table 4 Permeability and selectivity of common polymer

membranes!'®
el CO, B % 1 /bar COL/N, HEFEE
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2R T I e A5 5~450 5~55
RNBE 5~110 10~33
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Fig. 3 Schematic diagram of mixed matrix membrane
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Table 5 Comparison of membrane separation technologies
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Table 6 Performance comparison of typical carbon capture

membranes”!
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Table 7 Large scale post-combustion carbon capture projects

abroad!®?
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Table 9 Summary of post-combustion carbon dioxide capture technologies
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Table 10 Comparison of regeneration energy consumption
of carbon capture technology!®®!

EHEDIRFS AE REFE/(MI/kg)
Wik 4~6
U(IRES 2~3
JE 43 B 3k 0.5~6.0
R =07 6~10

B B H AR BA BE W RS, izt
S8 SR AR VR B 1 AR T U L I 2 R X
T APy R A i T 3R A 2 Tt AR R, R,
o TE B AL R R 1 ) AT R SE,
TR BRIV G A, AR5 B v
IR COL 2R &, FFRELLBARIE N Nl , 7632 fi
FURSA R EA — @, BRI S
HRASRBARTHE P 1) o FHIE A Tt — R R R R

HAT, A o] —Fhfiikd 5 7 vk ml DL
i O SRR AR I, RO A A5
AMiE R, FIL, ERE B N s
A IE I T EE E X EE ., BOUNACEUR %[
PEAT T —T00 b 552 4 285 R e v W R B B 9, e R
TS AR ECN 10%LL T I CO, JFRVR,
TP AL B = E L2 0K Bh 7, B B A REFE I
KT ; SR, 7E COL R BUR T 20%HY
AU, RERES AR ST I, BB
ARHE T CORFSECH 20% L i s (R R
OB S A o R A B R TR S B R 4
AR . I RERE, RA MW COy (R
Bm (50%L 1) B, ZEA BAERE NS
AT M, WO 20 B T AN B FH AR AR AR o3 %k
AR I KRR AE o

W B T2 AR T B 2 3, ST ARk B 1Y
B SRR RN T2 . X4 CO,
IRB B R BON 40%L) F ), Wl R LIy B
W R S 32 R A PR WG JEE 20, I G B R e, HLG
B B EEIR T2 COp BB (1A
TR EL<20% ) B, 38 B 3k DA Ak 2= W B R 3 1 AR

R I BT T, RIS A 2 R Ry B o e R it L
A XERE i T BRI R, (5 A 2 B B B A B A
FOE TR COp 20 R AYBRAA AR . SR, T H
T ] R 08 B 500 A AR RE AT R, x4 < Y
HERCIR, WoREMR AT, JEAE AR M
T AL OE BE TR X R P BRI,
AR R AR COy IR B (AR Bl

3%~20% ) M HEATRACH S, HEARME, "]
it

7 RBEMERR

it 2, BRI R B & R 3 B A A
— 1 COMERFLA . file, —LLfffREEH TIRG
MR ARMEES, EEZF CO B AR A
ok, 3 A B AR AT s G B — B AR AT SR 1 SR P
R s 2 f i LR A HEAR Z —, AR5
MR sy B, AT 5k 2 A, R fih
i [ ELA R R (R REtE ) RISy B (A
Pk Mgt ) s, 7E8 CoO R BT H
A REOEMERE. bR T AR, WOl
B o —Fh AL A 25 TR TR A AERR
TER A, W TS R A — 2k
CO,, MRJGlid AT HIN B, PASEH 90%HY
CO, B AR I MTR 2\ A A8 5 5% i 2 L4t
TR AT E TIRA - E RS, ZR5
4547 MTR K Polaris®JH AR 5 B 7T /042 B R
WIS SR R AR TS M e e e
WEFRZ) 50%I1) CO,, SRJE MIRERIE L 1) A 1A
U4 10% CO, Bl i ik &, PR CO,
REE—0 8, CO, BT 90%., Z5RE
W, S5E5M0ERIGEMEL, BRAEMERGA
A AR A A REARE AR AR .

AT R A TR AT, R 5 % 5
BT A ENBEME T 50 T Z M KETE,
ANANTHARAMAN 2572137 5% 7 — Fh iR & -
T2, TR PR be s i — A1k
Weo TEIRG T2, 1 Jeimad s ook < i
CO, BB = 3 50%~75%, RJG, it Pigk
ZRIRIEGENT & COL AT RSE , LABLSE — S A
(B R4 . A , ZHAO 23 BOUCHRA %074
3 3E R BB ST T R A3 B R IR 2 B TR A T
2. BOUCHRA ZUVBEHIIR G T 2 REFEL N 3
Gl/t CO,, CO, FlifER >85%, 4liJ¥>89%. I
ZHAO ZPIBIGY, 4 CO, 43 85 BEAR T 90%H,



* 1594 -

A% 4m 4 T FINE CHEMICALS

939 %

RAERGIET MEA MK R S HA TR
K

DL EWFE R, IRA AR AR e sp— 4
Tk, fE—ERE LA T R —FOR G, I
SHRA T AT T W E M e, BEAS
B WEE. 4T Har, RAWMEHEARD
B E R, (A 1 I8 AR SR 2 3 1 B
PSSR E R IATI . HAh, IRA B AL
A BE 5 BOG WA BRI 5 % 0 R B i A%, g -
IR R G0 I B TR AP |« W B IER A &R e P I
it dEE S . L, SR AR A Bk b s A
MK IEEE ., BARBAHERRLEA BN
S O TEECHE , H AT BB 5 il B — i AR A
TR B BAR BA R B AR B — ATl .

8 ZRIEERE

AR, BB IS i AE — A AR B S e
BESEHR A ROTEZ —. BT, BRI
TR FEAFEWANT B L WMok
Y EERVRIR Y Bk . & Xt AT, RO E
WA AR H AR 2, AR B B ki
TR 5 PR B 3 AR e s i ) A AR Y
FTRETE AR R, (H H AT AL TR AR
WEFEB B, 5 TN A — 220 RIS
BB A COy MR 2l B 7w (AL, (B
I BRI = R AT, REAE A BUAS AR X A
s TR B CO, 355 o

W IHGN KB, AN TR B AR R 4% A AE
Yol s, w6 ARA A0 — Pl £ J7 i aT LI ST
AR AU HUTRE ML TR A . XM A Y N
PO N NI E TR NI 2200 o 5 3 =8 a9 =
MR B AR B AaE S k. Kok,
KT BT BeRR AR H AR &, P E STy
SRR B Pk 30T 255 & H AR
B RIBEHEBAR, #F—PHEsmii e AR
AL &

B, T AR SR AE B A A AR T AR AR
Uk . RS S E AN Rk B A R R, Hd
BAR T kRS, SR, M E RS K,
Hh R I R SR H R IR A e — 2200, anfk2
W B T R Tk, (HaR Bl
AR R FH AN KA J7 g Tl s Y 450 5 W B 43
B R Ay B vk F AL T R0 = KN R B
B, PR AL RSB ORA M EHAR

ARSI TS D o Aok, A A AR AR R bR
B BRI A, R R AR, $R T} o [ B
EHARBOTESTT. WA, PR Zh il R e
WHER, PR B RA B T A, I
ShBRAR AR BRI AL & R

S E k-

[1]  WANG Q, LUO J Z, ZHONG Z Y, et al. CO, capture by solid
adsorbents and their applications: Current status and new trends[J].
Energy & Environmental Science, 2011, 4(1): 42-55.

[2] WANG W Z (£ X®), ZHAO S DX %%i), WANG LT /1), et al.
Research progress on conversion of CO, to cyclic carbonates
catalyzed by metal complexes[J]. Fine Chemicals (#52H1L T.), 2021,
38(10): 1956-1961.

[31 NA W(#it%), ZUO J Y(LER1R), YANG X L(#5% %), €t al.
Application of solid solution catalyst in the hydrogenation of CO, to
methanol[J]. Fine Chemicals (f52l1L T), 2021, 38(12): 2415-2421,
2497.

[4] DAMIANI D, LITYNSKI J T, MCILVRIED H G, et al. The US
department of Energy's R&D program to reduce greenhouse gas
emissions through beneficial uses of carbon dioxide[J]. Greenhouse
Gases Science & Technology, 2012, 2(1): 9-16.

[5] WANGRJ LIUSS,LIQ W, et al. CO; capture performance and
mechanism  of blended amine solvents regulated by
N-methylcyclohexyamine[J]. Energy, 2021, 215(Part B): 119209.

[6] IDEM R, GELOWITZ D, TONTIWACHWUTHIKUL P. Evaluation
of the performance of various amine based solvents in an optimized
multipurpose  technology development pilot plant[J]. Energy
Procedia, 2009, 1: 1543-1548.

[71 MANGALAPALLY H P, HASSE H. Pilot plant experiments for post
combustion carbon dioxide capture by reactive absorption with novel
solvents[J]. Energy Procedia, 2011, 4(1): 1-8.

[8] IDEM R, SUPAP T, SHI H, et al. Practical experience in
post-combustion CO, capture using reactive solvents in large pilot
and demonstration plants[J]. International Journal of Greenhouse Gas
Control, 2015, 40: 6-25.

[9] BLANCHARD L A, DAN H, BECKMAN E J, et al. Green
processing using ionic liquids and CO,[J]. Nature, 1999, 399(6731):
28-29.

[10] SHIFLETT M B, DREW D W, CANTINI R A, et al. Carbon dioxide
capture using ionic liquid 1-butyl-3-methylimidazolium acetate[J].
Energy & Fuels, 2010, 24(10): 5781-5789.

[11] AVILA J, LEPRE L F, SANTINI C, et al. High-performance porous
ionic liquids for low-pressure CO, capture[J]. Angewandte Chemie
International Edition, 2021, 60(23): 12876-12882.

[12] YU K, CURCIC I, GABRIEL J, et al. Recent advances in CO,
capture and utilization[J]. ChemSusChem, 2008, 1: 893-899.

[13] WANG LD, ANSL, YU S H, et al. Mass transfer characteristics of
CO, absorption into a phase-change solvent in a wetted-wall
column[J]. International Journal of Greenhouse Gas Control, 2017,
64:276-283.

[14] WANG R J, JIANG L, LI Q W, et al. Energy-saving CO, capture
using sulfolane-regulated biphasic solvent[J]. Energy, 2020, 211:
118667.

[15] DWYER P S. Report of the interagency task force on carbon capture
and storage[J]. Oil & Soap, 2010, 14(6): 154.

[16] SPIGARELLI B P, KAWATRA S K. Opportunities and challenges in
carbon dioxide capture[J]. Journal of CO, Utilization, 2013, 1: 69-87.

[17] KISHIMOTO S, HIRATA T, IIJIMA M, et al. Current status of
MHI's CO,; recovery technology and optimization of CO, recovery
plant with a PC fired power plant[J]. Energy Procedia, 2009, 1(1):
1091-1098.

[18] SINGH A, STEPHENNE K. Shell cansolv CO, capture technology:
Achievement from first commercial plant[J]. Energy Procedia, 2014,



4 8 4] i

H L SR RGR IR AR SR EOR S N i

* 1595 -

(19]

(20]

(21]

(22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

(30]

(311

(32]

[33]

[34]

[33]

[36]

[37]

[38]

63: 1678-1685.

LEE Z H, LEE K T, BHATIA S, et al. Post-combustion carbon
dioxide capture: Evolution towards utilization of nanomaterials[J].
Renewable and Sustainable Energy Reviews, 2012, 16(5): 2599-
2609.

GIBBINS J R, CRANE R I. Scope for reductions in the cost of CO,
capture using flue gas scrubbing with amine solvents [J]. Proc Instn
Mech Engrs, Part A: J Power Energy, 2004, 218: 231-239.

SHAW D. Cansolv CO; capture: The value of integration [J]. Energy
Procedia, 2009, 1: 237-246.

KNUDSEN J N, ANDERSEN J, JENSEN J N, et al. Evaluation of
process upgrades and novel solvents for the post combustion CO,
capture process in pilot-scale[J]. Energy Procedia, 2011, 4: 1558-
1565.

COUSINS A, COTTRELL A, LAWSON A, et al. Model verification
and evaluation of the rich-split process modification at an
Australian-based post combustion CO, capture pilot plant[J].
Greenhouse Gases-Science and Technology, 2012, 2(5): 329-345.
ARTANTO Y, JANSEN J, PEARSON P, et al. Performance of MEA
and amine-blends in the CSIRO PCC pilot plant at Loy Yang Power
in Australia[J]. Fuel, 2012, 101: 264-275.

DUAN Y Y (Bt ), LUO H Z (BifgH), LIN H Z ($Ri5)H), et al.
A brief discussion on the experience of CCUS demonstration projects
at home and abroad[J]. Shandong Chemical Industry (LLIZ:fbT),
2018, 47(20): 173-174, 178.

MUMFORD K A, WU Y, SMITH K H, et al. Review of solvent
based carbon-dioxide capture technologies[J]. Frontiers of Chemical
Science and Engineering, 2015, 9: 125-141.

ENDO T, KAJIYA Y, NAGAYASU H, et al. Current status of MHI
CO, capture plant technology, large scale demonstration project and
road map to commercialization for coal fired flue gas application[J].
Energy Procedia, 2011, 4: 1513-1519.

TOLLEFSON J. Low-cost carbon-capture project sparks interest[J].
Nature, 2011, 469(7330): 276-277.

LU S J (fiiFd), ZHAO D YA ), ZHU Q M(R4R), et al.
Energy analysis and energy saving method for a 100 t/d CO, capture
device in Shengli power plant[J]. Natural Gas Chemical Industry(K
RAUET: CLAR2E51ET), 2019, 44(5): 96-101, 106.

REDDY S, SCHERFFIUS J R, YONKOSKI J, et al. Initial results
from Fluor's CO, capture demonstration plant using Econamine FG
Plus™™ technology at E. ON Kraftwerke's Wilhelmshaven power
plant[J]. Energy Procedia, 2013, 37: 6216-6225.

LIU Z Z(X|22E). Research on mixed absorbent and optimiaztion of
CO; capture process[D]. Hangzhou: Zhejiang University (#71.K2%),
2021.

ZHOU Z Y(J&&1). Study on modification of high-temperature
lithium-based adsorbents and adsorption properties of low
concentration carbon dioxide[D]. Beijing: China University of
Mining and Technology (H [\l k%), 2018.

XU Y H(# K ), XIAO B H(H 5%€), FENG Y Y(&H#iH), et al.
Research progress of carbon dioxide capture materials[J]. Fine
Chemicals (F5411kL T.), 2021, 38(8): 1513-1521.

ANYANWU J T, WANG Y R, YANG R T. SBA-15 functionalized
with amines in the presence of water: Applications to CO, capture
and natural gas desulfurization[J]. Industrial
Chemistry Research, 2021, 60(17): 6277-6286.
CAO Y, ZHAO Y X, LV Z ], et al. Preparation and enhanced CO,
adsorption capacity of UiO-66/graphene oxide composites[J]. Journal
of Industrial and Engineering Chemistry, 2015, 27: 102-107.
GAIKWAD S, KIM Y, GAIKWAD R, et al. Enhanced CO, capture
capacity of
framework[J]. Journal of Environmental Chemical Engineering,
2021, 9(4): 105523-105530.

MA L, QIN C L, PI S, et al. Fabrication of efficient and stable
Li4SiOg4-based sorbent pellets via extrusion-spheronization for cyclic
CO, capture[J]. 2020, 379:
122385-122396.

PHAM T H, LEE B K, KIM J. Novel improvement of CO,

& Engineering

amine-functionalized MOF-177 metal organic

Chemical Engineering Journal,

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[53]

[56]

adsorption capacity and selectivity by ethylenediamine-modified
nano zeolite[J]. Journal of the Taiwan Institute of Chemical
Engineers, 2016, 66: 239-248.

SHEN Z F, LIU C L, YIN C C, et al. Facile large-scale synthesis of
macroscopic 3D porous graphene-like carbon nanosheets architecture
for efficient CO, adsorption[J]. Carbon, 2019, 145: 751-756.
SOHAIL A, ANITA R, SUZANA Y. Development of
polyethylenimine-functionalized mesoporous Si-MCM-41 for CO,
adsorption[J]. Fuel Processing Technology, 2017, 167: 622-630.
GUNATHILAKE C A, RANATHUNGE G, DASSANAYAKE R S,
et al. Emerging investigator series: Synthesis of magnesium oxide
nanoparticles fabricated on a graphene oxide nanocomposite for CO,
sequestration at elevated temperatures[J]. Environmental Science:
Nano, 2020, 7(4): 1225-1239.

NELSON T O, COLEMAN L, GREEN D A, et al. The dry carbonate
process: Carbon dioxide recovery from power plant flue gas[J].
Energy Procedia, 2009, 1(1): 1305-1311.

YI C K, JO S H, SEO Y, et al. Continuous operation of the
potassium-based dry sorbent CO, capture process with two
fluidized-bed reactors[J]. International Journal of Greenhouse Gas
Control, 2007, 1(1): 31-36.

PARK Y C, JO S H, CHONG K R, et al. Demonstration of pilot scale
carbon dioxide capture system using dry regenerable sorbents to the
real coal-fired power plant in Korea[J]. Energy Procedia, 2011, 4:
1508-1512.

PARK Y C, JO S H, KYUNG D H. Test operation results of the 10
MWe-scale dry-sorbent CO, capture process integrated with a real
coal-fired power plant in Korea[J]. Energy Procedia, 2014, 63:
2261-2265.

ZHANG W B, LIU H, SUN C G, et al. Performance of
polyethyleneimine-silica adsorbent for post-combustion CO, capture
in a bubbling fluidized bed[J]. Chemical Engineering Journal, 2014,
251:293-303.

DRAGE T C, SNAPE C E, STEVENS L A, et al. Materials
challenges for the development of solid sorbents for post-combustion
carbon capture[J]. Journal of Materials Chemistry, 2012, 22(7):
2815-2823.

AROON M A, ISMAIL A F, MATSUURA T, et al. Performance
studies of mixed matrix membranes for gas separation: A review[J].
Separation and Purification Technology, 2010, 75: 229-242.

CHEN W B, ZHANG Z G, YANG C C, et al. PIM-based
membranes  containing MOF-801/ionic
nanocomposites for enhanced CO, separation performance[J].
Journal of Membrane Science, 2021, 9(21): 12782-12796.

ZHANG Y H, TONG Y P, LI X Y, et al. Pebax mixed-matrix
membrane with highly dispersed ZIF-8@CNTs to enhance CO»/N;
separation[J]. ACS Omega, 2021, 6(29): 18566-18575.

WHITE L S, WEI X T, PANDE S, et al. Extended flue gas trials with
a membrane-based pilot plant at a one-ton-per-day carbon capture
rate[J]. Journal of Membrane Science, 2015, 496: 48-57.
POHLMANN J, BRAM M, WILKNER K, et al. Pilot scale
separation of CO, from power plant flue gases by membrane
technology[J]. International Journal of Greenhouse Gas Control,
2016, 53: 56-64.

HE X Z, HAGG M B. Energy efficient process for CO, capture from
flue gas with novel fixed-site-carrier membranes[J]. Energy Procedia,
2014, 63: 174-185.

SANDRU M, KIM T J, CAPALA W, et al. Pilot scale testing of
polymeric membranes for CO, capture from coal fired power
plants[J]. Energy Procedia, 2013, 37: 6473-6480.

WUHY, LI Q H, SHENG M L, et al. Membrane technology for CO,
capture: From pilot-scale investigation of two-stage plant to actual
system design[J]. Journal of Membrane Science, 2021, 624: 119137.
ROUSSANALY S, ANANTHARAMAN R, LINDQVIST K, et al.
Membrane properties required for post-combustion CO, capture at
coal-fired power plants[J]. Journal of Membrane Science, 2016, 511:
250-264.

mixed-matrix liquid

(F#% 1632 W)



