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Simulation and analysis of hydrogen production from pyrolysis gas using Aspen Plus

LI Kaikun, WANG Qinhui, ZHANG Ruiyue, ZHU Yao, YU Chunjiang, FANG Mengxiang

(State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract: Simulation of hydrogen production by coal pyrolysis gas sorption enhanced reforming (SER-CPG)
technology was established by using Aspen Plus software. Appropriate models for SER unit, calcination
regeneration unit and waste heat power generation unit were set up in detail. Furthermore, optimization of the reactor
pressure of SER unit under conditions with calcium to carbon ratio of 2.75, water to carbon ratio of 3.5 and
reforming temperature of 650 ‘C was carried out. The thermal and exergy efficiency, energy consumption, water
consumption during hydrogen production and hydrogen production rate were used to evaluate and optimize the
system performance. A conventional CPG steam reforming process with the same feed conditions was chosen for
comparison. The results showed that, the production of H, from SER system increased by 7.66%. The energy
efficiency reached 79.55%, and the exergy efficiency increased from 73.14% to 77.63%, indicating a significant
improvement in system efficiency. Taking the efficiency and hydrogen production into consideration, the SER-CPG
technology has better technical performance, which could be considered as one of the routes of hydrogen production
from coal gas at the present stage. In conclusion, the SER-CPG process is a hydrogen production technology with
application prospect.

Key words: coal pyrolysis gas, sorption enhanced reforming, hydrogen production, exergy efficiency, energy
conversion efficiency
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T AR BRSO A PR A 53 40 e A B = R <
PEEROR o AE DU A% O IR IR 73 2853 o R
REH, EWNMEIETEREASMRN, HAEGE
iR AMIEEIR 0 7 AT A, F BRI AT B
BFERBA (Hh) KZESHEE (steam methane
reforming, SMR). KA ALHIE L KBRS i
BEAHEASE, AR N Gt BB
RS AL, & Y A, ATRLA 2B
PR R BE, TR N & R T AR R
. [FRy, SAMEN SRR IS AR, nl)
Z N T HAA R & . A HE N 142 351 ki/kg,
SEIRIHI) 315, A& BRAZIRRL LA AR e R IR o

FH ot B I B2 BN S R AR 0P R
Ft /K 28 B T 2002 B RTEON BOGR) F B i &7
%, R THA TR~ 21 70%(E, K2R E
N A R AN, 38 T EE RGeS o R AR R
BHEEHE, BB AR =B, B AK 2 RAE
750~900 ‘C. 0.35~4.0 MPa 2k KL BB ) 7,
SRIG 2 LUK IS A8 (water-gas shift, WGS) i
2, AU S =S B Ho KB T2 KRS
B G SRS RE COz, a2 B AL R K M
(pressure swing adsorption, PSA) #.56%] H, A1 CO,
HATE RS . A6 SMR HIE L 2357 200 & i
JE e N A& PFEER, Hufton 28 NP H TR IR B 741)
WS CO2 AR A s B[] £ i Ha 1) [a) AN Wi % 21 1 i
B34k S (sorption enhanced reforming, SER) #i#f
o AR CABRE R SEL SOR AR RI A o R SR
FEFI R JEREAR, REFEAHXT AR, FPAEE < alifE
&, A R E R A AR —

BRI A B S, AT NEEAT T AHSCHR AT
Hajjaji 5% NBHET-X00 % 48 H bt /K 728 S B8 R G014
SPHETHT, PRH TR A IRAR . THEAER
BoR, MALE TR RAARCEN T0%HT+HE
74%, MIRCEH 65%1k mE] 69.1%, RGEUTH
¥7 0.13 mol Ha/mol CHs. Rosen %5 NI H T
I B CRERZ WL RR 7= i < CO2 FEFBHR B b A [
NSk b CO M HF HiKFE R EBHIA L. #&
NFEFMERE R, HRFWAEN 785%. £
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Ho S50, 28750k LB TGP J7 0k ] STEMTA. 15
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Fig.1 The process flow chart of Hz production by SER of coal pyrolysis gas
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Tab.1 Composition of coal pyrolytic gas

CHa co Hz CO; H.0 CaHa
37.17 12.36 20.40 10.32 2.65 3.99
CaHs CsHg CaHg CsHsO CigH3za CoH7N
6.19 2.27 0.94 0.02 0.01 0.01
CioHs C12HsS NHs N2 H.S 0,
0.02 0.01 0.27 2.61 0.47 0.29

H

>N

FHEAL S ISR 6 000 kmol/h,
FHE W N CHaw CO. COz Hyy 85 Co—C3 S,
PRFVD SRR . WIS RKRE, RIS
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Tab.2 Reaction equations of Hz production system by SER
of coal pyrolysis gas

i R B e
R1 CH4+H20-CO+3H:2 206.2 [16]
R2 CO+H0CO+H; 411 [17]
R3 C2Hs+4H20-2C02+6H; 128.3
R4 C2H4+H201.4CH4+0.5CO2
R5 C2He+4H20-2C02+7H; 266
R6  C2He+0.5H20+>1.75CH4+0.25CO2 [18]
R7 C3He+6H20-3CO2+9H> 250.4
R8  CsHe+1.5H202.25CH4+0.75CO2
R9 CsHg+6H20-3CO2+10H; 376
R10 C3Hg+H20+2.5CH4+0.5CO;

R11 Ca0+C0z>CaCO; 1788 [19]

12 {8 RT

KA R IAE Y, AR S A
HAp gm0 824 (5R 1), K H CeHeO-CieHasn
CoH7N. CioHg. C12HsS 5 FlZH 4 4 R IR AL AL 54
BADL AR AL R0, AR R R A 100%. 154k
J BRI, SR T PSPt ARH 23 B9 35 3 JEURHAE
5 PSA BARIR G Ja E NIRGEtH R N8 « Lo Ll
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Fig.2 Simulation flow chart of the SER and absorber regeneration unit
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Fig.3 Simulation flow chart of the steam turbine and waste heat recovery unit
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REAREOR R T ZRERE. 128 RS
RIS, BREEAPEEREE ST
600 ‘C, & = HHER I &2 AR,

SR FEAF AT 16 4 A5 28 SR AR DL 4R R ZR IR B ML R
IR 7REHL A N40-13.24/535/535 7 i i
JE — XA IR, BUE IR 40 MW, #
SE IR 127 tho SR Compr BEHUEILE o KR
HHLH . BB E AR 14, F Heater
PR, 1 DERERE Flash2 BEHUE L. 755eH1
SR RERN 0.9, NI ER 0.9820,

2 RE MBI TR HR

RIS 25 e, RREARYER, Hi%
AL R LA T R, DA SO 525 —5E
AR (REEFEER) WIFR, i RGHRCE,
M BE B HE AT 7 2 AN 5 TR AN [ 7 Z &R
Gt Re R IR,

M FR G R 5 1 A

Hin + Qin +Win = Hout + Qout +W0ut (2)
MR GEI <718 0 A A 5
Ex,in + ExQ,in + Evain (3)
= Ex,out + ExQ,out + Exw,out + Ex,loss

X H Qv W il 3Rt i R G IPim itk 18
B RS FEFIT), kI3 Exs Exos Exw A1 Exloss 73
MR RGP O ThiE A R4
IR, ko
LA B RS — A RS e A e
M, BRI RGN DI R R Py B AL 2 2
Ex = ExPh + ExCh (4)
FH Exen Excn 7350 90 O BRI AL 240 K
VIR 2 T R G T A 58 A 1R AS I
BT B W, (L RRERET (Topo), R4t
A AR AS 1 B I, ASCR A Szargut
B
YIFRIA T B Aspen Plus B0 BB, b 20
KA NR(G) IR,
Esch = D Evcni + RT,>_y;Iny, (5)
XA Ewen AYITRIIEERICEES, kimol; yi &1t
SRS | RBER G B A | T
WEDRAE (To, po) T IIFRHEEE R, MRHESC
FR[19,28-29], THHE LRI 3; BRAR AR R B
8.314 5 J/(mol K).

%3 BESFOEERLEMR B ki/mol
Tab.3 Standard molar chemical exergy of the components

oy WRE Even 4oy WRE Even
H.0 A& 9.49 CeHeO W& 3297.65
H.0 Wi 0.9 CiHas & 10 659.08

H, A& 236.09 CoHiN W& 5042.35

N2 & 0.72 CuHs W& 5546.02
Co; A& 19.87 CoHsS Wi 7112.29
co A 274.98 Ca0  [f& 110.2
CHs A& 831.7 CaCO;  [AZs 16.30
CoHy A& 1360.9 02 A& 3.974501
CHs A& 1495.99 NHs <& 346.19
CsHs A 2003.9 H2S A 812
CHs A& 2154
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T=-—1—+ 7
In(L\ "
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MR T2 e, TR 1, Btk
T Ew T N
aw =W (8)
IKBKEE o FIESBREE reac 7301 € SN R
REESHE DR, KA RITEAM Ca B BE/RI
HEH5HASH CHERREZL, HEAY:
Moc = n(H,0)/(n(CO,) +n(CO) +n(CH,) +
n(C,H,) +n(C,H,) +n(C,H;) + n(C,H,))
Iey,c =N(Ca0)/ (n(CO,)+n(CO)+n(CH,) +
n(C,H,) +n(C,Hg) +n(C;H;) +n(C;H,))
3 g A ) j EEZRIRE, kmol/h.
NFELERGINFATIFERE, & SR AR
(CPG) 1 Ha7™2, L7y kmol Ha/ kmol CPG;
BALTARFENDFEBE/M 7, BAA
KW-h/kmol Hz; BT =S /K HE M R FEZK B /H, 77 %,
A7 N kmol H20/kmol Ha.

N TP R RITIERE, R AR
Xout (CH4) — Xin (CHa)
X, (CH,)
FH X(CHa) 7377 25 8 s S 2kt 191 ) R e 2

kmol/h,

9)

(10)

W(CH,) = x100%  (11)
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Fig.4 The influence of reforming pressure on system energy
consumption and water consumption
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Fig.6 Sensitivity analysis of reforming pressure on system
performance
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Tab.4 Thermodynamic performances of the systems 4 .Q_E i@
o LAY kTR 1) ASCHEE T LA RO R LT
e - - ISR S, ARSI CaO W3 f ok 7 6 B
e o 200 S, B RAGEIUR R GAE, A R
o $5JE /9 /MPa 0.50 360 2
PRI C 950 950 2) FH Aspen Plus BT IGRE TS RSt
AR (ol 1) 6000 6000 BORIREAT T AR SO, WARMIACR g
B ey ol O AR, KRR SRR SR
(4 & (kmol Ha/kmo . . .
H LV K R e A HE RE K
GO kamol ) bes . 1, T?t%ﬁﬁttjj ?.75, Kb RN 35, HEEEEN
#fi7SUK B/ (kmol HaOrkmol Ha) 133 137 650 C, E#JE /14 0.5 MPa f) 244 T, 6 000 kmol/h
PRI, ATHIEL 11 281.79 kmol/h Ha, fEREHAL
5 ROMEXL KR 79.55%, HRLE A 77.63%.
Tab.5 Efficiencies of the systems 3) WAL A SR R, RIS, R
5iH i aR AR BB SR E - R TE T 7.66%, REAERFL
ORI 671%, MIMCRILTT 6.14%, S T L
PRI, . : . )
. iR B, 288 RAMFEMREFRE, @
et et 0 0.60 0 0.68 .
wvo D L CURMCEESIETE, ARSI I B
' SR —
FeH R 29.48 29.48 33.02 33.02 NP e
EE% A5 758.87  763.12 707.43 71042 N i
$,'a\tllj\// RHE 51.42 51.42 59.55 59.55 [£ % X fﬁ).(]
[1] COMPANY B P. Statistical review of world energy[R].
W% 79.55 77.63 74.55 73.14

London: British Petroleum Company, 2020: 1-10.

; ) - http://rIfd.tpri.com.cn - )
(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



22 kA% R

2021 4

[2] FEHZ. EARUE7HARSH]. 0 THARZGE,
2006, 24(6): 47-50.

WANG Guizhi. Analysis on overseas hydrogen process
technologies[J]. Chemical Techno-economics, 2006,
24(6): 47-50.

[3] ZFxrde, F&EF. Wil SRR KRR
Tk, 2005, 25(2): 165-172.

LI Wenbing, QI Zhiping. Progress on technical study for
production of hydrogen from methane[J]. Natural Gas
Industry, 2005, 25(2): 165-172.

[4] HUFTON J R, MAYORGA S, SIRCAR S. Sorption-
enhanced reaction process for hydrogen production[J].
AIChE Journal, 1999, 45(2): 248-256.

[5] HAJAJ N, PONS M N, HOUAS A, et al. Exergy
analysis: an efficient tool for understanding and improving
hydrogen production via the steam methane reforming
process[J]. Energy Policy, 2012, 42: 392-401.

[6] ROSEN M A. Thermodynamic investigation of hydrogen
production by steam-methane reforming[J]. International
Journal of Hydrogen Energy, 1991, 16(3): 207-217.

(71 Eidb. FRI A SRR Bk 5 43R 40 5 1 e Tl
R[I]. A E AL TSR, 2011, 31(34 T 1): 149-154.
WANG Xun. Process innovation of coke oven gas to
hydrogen system and technical-economic performance
prediction[J]. Proceeding of the CSEE, 2011, 31(Suppl.1):
149-154.

(81 SRR S JSiM BT oA A 5 /K 78 U B o ST 7 2
HITZIFN[D]. BiMl: Wil K%, 2014: 1.

WU Rong. Studies of the ReSER-COG of hydrogen
production and the technology evaluation[D]. Hangzhou:
Zhejiang University, 2014: 1.

[9] TZANETIS K F, MARTAVALTZI C S, LEMONIDOU A
A. Comparative exergy analysis of sorption enhanced and
conventional methane steam reforming[J]. International
Journal of Hydrogen Energy, 2012, 37(21): 16308-16320.

[10] #h223. AL TIERERAUSEI: Aspen Plus #AE[M]. 2 fiR.
Jbnt A Tl A, 2017: 1.

SUN Lanyi. Chemical engineering process simulation
using Aspen Plus[M]. 2nd ed. Beijing: Chemical Industry
Press, 2017: 1.

[11] BASSANO C, DEIANAP, PACETTI L, et al. Integration
of SNG plants with carbon capture and storage
technologies modeling[J]. Fuel, 2015, 161: 355-363.

[12] YUBY, CHIEN I L. Design and economic evaluation of
a coal-based polygeneration process to coproduce
synthetic natural gas and ammonia[J]. Industrial & Engi-
neering Chemistry Research, 2015, 54(41): 10073-10087.

[13] #h/kFE, ER K, 328k, & PR T ZRER

Aspen Plus HAFEERL[I]. THE L5 B 4k %, 2008,
25(9): 1123-1128.
YAO Yongchun, WANG Yifei, LIANG Tie, et al.
Simulation of two-stage coal gasification process on
Aspen Plus[J]. Computers and Applied Chemistry, 2008,
25(9): 1123-1128.

[14] YEC,ZHENGY, XU Y, et al. Energy and exergy analysis
of poly-generation system of hydrogen and electricity via
coal partial gasification[J]. Computers & Chemical
Engineering, 2020, 141: 1069-1079.

http://rlfd.tpri.com.cn

[15] SBE. 57 Aspen Plus XRG40 2 BERRGE (M AR A B
B F RS A[D]. EER: BEPK, 2014: 1,
WU Yao. Study on systematic performance of reforming
hydrogen produced from coke-oven gas by coupling with
chemical looping combustion based on Aspen Plus[D].
Chonggqing: Chongging University, 2014: 1.

[16] SMIRNIOTIS P, GUNUGUNURI K. Water gas shift
reaction: research developments and applications[M].
New York: Elsevier, 2015: 1.

[17] KOPYSCINSKI J, SCHILDHAUER T J, FREDERIC
\Vogel, et al. Applying spatially resolved concentration and
temperature measurements in a catalytic plate reactor for
the kinetic study of CO methanation[J]. Journal of
Catalysis, 2010, 271(2): 262-279.

(18] Rk, RFEIT. SRR ColCal /K 78T H BE I
R ITEFF R[], 223K, 2014, 65(6): 1961-1970.
WU Rong, WU Sufang. Thermodynamic calculations for
reactive sorption enhanced reforming of Ca/Cs light
hydrocarbons[J]. CIESC Journal, 2014, 65(6): 1961-1970.

[19] SZARGUT J. Exergy method: technical and ecological
applications[M]. Boston: WIT Press, 2005: 1.

[20] LI K, WANG Q, FANG M, et al. Techno-economic
analysis of a coal staged conversion polygeneration
system for power and chemicals production[J]. Chemical
Engineering & Technology, 2018, 42(1): 73-88.

[21] WU SF, LAN P Q. Akinetic model of nano-CaO reactions
with CO2 in a sorption complex catalyst[J]. AIChE
Journal, 2012, 58(5): 1570-1577.

[22] WU R, WU S. The ReSER-COG process for hydrogen
production on a Ni-CaO/Al20s complex catalyst[J].
International Journal of Hydrogen Energy, 2013, 38(27):
11818-11825.

[23] HIGMAN C, BURGT MVD. Gasification[M]. 2nd ed.
New York: Elsevier, 2008: 1.

[24] LIU K, SONG C, SUBRAMANI V. Hydrogen and syngas
production and purification technologies|[M]. Hoboken:
John Wiley & Sons, Inc., 2010: 1.

[25] E¥QE, 2R, skee, 4. BB LIRS IR K H
(IGCC)# A 47 [J]. 15RE, 2016, 35(3): 27-31.
WANG Zhiya, HE Li, ZHANG Yao, et al. Thermal
characteristics analysis of integrated gasification combined
cycle[J]. Energy Conservation, 2016, 35(3): 27-31.

[26] 5%, (W LAERHT[M]. Big: HEARIE TR R
#t, 2009: 1.

QI Mingzhai. Analysis of energy on chemical engi-
neering[M]. Shanghai: ECUST Press, 2009: 1.

[27] QUEROL E, GONZALEZ-REGUERAL B, RAMOS A,
et al. Novel application for exergy and thermoeconomic
analysis of processes simulated with Aspen Plus[J].
Energy, 2011, 36(2): 964-974.

[28] SZARGUT J, MORRIS D R, STEWARD F R. Exergy
analysis of thermal, chemical, and metallurgical
processes[M]. New York: Hemisphere Publishing, 1987: 1.

[29] KOTAS T J. The exergy method of thermal plant
analysis[M]. New York: Elsevier, 1985: 1.

(TSR HkiR)




