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Modeling, simulation and analysis for coal and coke-oven gas to
synthetic natural gas

MAN Yi, YANG Siyu, XIAO Honghua, QIAN Yu
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Abstract: Coal to synthetic natural gas (SNG) process is regarded as one of promising way to tackle with haze in
north China and is developed rapidly in China. However, coal to SNG processes suffer from the high energy
consumption and CO, emission due to the high carbon contents of coal. In China, there is 7x10'° m® coke-oven
gas (COG) produced in coke plants annually. Most of the hydrogen-rich COG is utilized as fuel or discharged
directly into the air. Such situation is a waste of precious hydrogen resource and causes serious economic loss and
environmental pollution either. The co-feed process of coal and COG to SNG is a promising solution for these
problems. In the co-feed process, CHs of COG reacts with CO, in a dry methane reforming unit to reduce
emissions and H; of COG can adjust the H/C ratio of syngas. This paper makes a modeling, simulation and system
analysis for the co-feed process of coal and COG to SNG. The results show that the energy efficiency of the
co-feed process increases by 8%, while at the same time, CO, emission is reduced by 60% in comparison to the
conventional coal to SNG process.
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Fig.1 Schematic diagram of coal and coke-oven gas to SNG process
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Fig.2 Process flow diagram of coal gasification and syngas clean
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Fig.3 Process flow diagram of COG separation and DMR
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Fig.4 Process flow diagram of methanation
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Table 1 Feedstock for co-feed process

Raw material ~ Temperature/'C Pressure/MPa ~ Mass flow/t * h™'
lignite 25 4.0 558
COG 25 2.5 470
water 25 0.4 1670
oxygen 40 4.0 94.5

*2 BEARRHBRTRESHMBRLENS

Table 2 Simulation conditions and assumptions

Ttem Description
coal lignite, 14.4 MJ « kg™
gasification type Lurgi, 6.8 MPa, 1300°C

0.84 kg + kg™ dry base coal
98.5%

oxidant consumption
carbon conversion ratio
Lurgi Rectisol

Claus (COS hydrolysis and H,S oxidization)

acid gas removal technology
sulphur recovery

COG separation pressure swing adsorption
dry methane reforming Ni-Co based catalyst, 0.11 MPa, 800°C
davy technology

12 MPa, 535°C

methanation

high pressure steam
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Table 3 Simulation results of co-fees process

Steam No. 1 2 3 4 5 6 7
mole fraction
N, 0.0060 0.0075 0 0 0 0.004 0.0009
0, 0.0050 0 0 0 0 0.0038 0.0001
Ar 0 0 0 0 0 0.0020 0.0063
H,0 0.1352 0.1682 0 0 0 0 0.0034
CcO 0.1445 0.1798 0.2432 0 0.1290 0.1810 0.0001
CO, 0.3189 0.1588 0.081 0 0 0.0268 0.0526
H,S 0.0050 0 0 0 0 0 0
H, 0.3904 0.4858 0 1 0.7260 0.6060 0.0021
CH, 0 0 0.6756 0 0.1450 0.1780 0.9344
mole flow/ kmol « h™" 33966.2 12945.4 10307.0 141000.0 165233.1 107606.9 72044.9
mass flow/t « h™' 763.9 222.7 188.0 282.0 1460.0 1682.7 1251.3
temperature/ 'C 150 235 25 25 135 25 25.0
pressure/MPa 2.8 2.7 1.3 1.3 1.95 3.15 23
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Table 4 Energy efficiency of CtSNG and CGtSNG

®

Item CtSNG®  CGtSNG LHV"

consumption

lignite/t 155107 447X10° 144 MJ kg

coke-oven gas/m’ — 8.1x10° 174MJ * m™

electricity/kW « h 2.65%10°  7.3%10° 3.6MJ kW' +h!

steam/t 5.8X10°  1.04X10’ -

water/t 1.83X10"  6.42%10° —
products output

SNG/m® 40X10°  4.0X10°  3599MJI*m”

CO, emission/t 7.85X10°  3.14X10° —
energy efficiency/% 54.7 62.9 —

(D LHV: lower heating value.
3 % %

AT AR SNG R REAT 122
B, BRI ARG Bl ey, A R R
POl N T BN T, TR RS R
Fr i) COy, RNV A T & RN
SUBREL, e S R ML R . T R G
B, B E SR A PR LE st EED 059 0.8~0.9
I, ARG ER AR, HHEBom R
BNEAAR RN BRI BEH] SNG 172
HAMMHEEZMFHUT L. (D EdEm
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