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Characteristics and Modeling Analysis
of Entrained Flow Gasifiers

Jeongseok Yoo*, Youseok Kim and Minsu Paek**

The gasification process has developed to convert coal into the more useful energy and material since decades.
Despite the numberous design of ones, entrained flow gasifier of the major companies has had an advantage on the market.
Because it has a merit of full-scale and high performance plant. In this paper, the gasification technologies of GE energy, Phillips,
Siemens and Shell have been reviewed to compare their characteristics and a high performance gasification process was suggested.
And the simulation model of gasifiers using Aspen Plus offered the quantitative comparison data for difference designs. The
simulation results revealed the poor performance of the slurry feed than dry design. The corresponding cold gas efficiency of
77% is much lower than the 80.3% for the dry feed cases. The exergy analysis of the difference syngas quenching system showed
that chemical quenching is superior to another. The results of analysis recommend the two stage gasifier with dry multi-feeder
as the energy effective design.
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Nomenclature
CGE : cold gas efficiency, % 1 irreversible exergy, kcal/hr
E  : total exergy, kcal/hr m : mass, kg
EY : thermal exergy of heat available at T, O : heat energy, kcal/hr
kcal/hr R ! ideal gas constant, 1.987kcal/K -kmol
E" : working power, kcal/hr s : entropy, kcallkg'k
h - enthalpy, kcal/kg SH : sensible heat, kcal/hr
HHYV : high heating value, kcal/kg T . temperature, K
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W : working energy, kcal/hr
x : mole fraction

Greek

Eh . Specific physical exergy, kcal/hr

Eh . specific chemical exergy of ideal steam,
keal/hr

& gas © Specific chemical exergy of gas, kcal/hr

i . standard molar chemical exergy of i

component in an ideal mixture, kcal/hr
&, coal - Specific chemical exergy of coal, kcal/hr
n . efficiency, %

subscript

bfw : boiler feed water

e : energy

i : component

st ; Steam

syn . syngas

0 : standard

IN . input stream to control volume

OUT : outgoing stream from control volume
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(d) Siemens (SFG-500)

(c) Shell (SCGP)

Fig. 1 Schematics of coal gasifier
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Fig. 2 Overall diagram of syngas quenching
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Table 1. Coal composition attributes

Proximate analysis Ultimate analysis Sulfur analysis
Element Wt,% Element Wt, % Element Wt,%
Moisture 11,04 Ash 16.47 Pyritic 0.70
FC 39.82 Carbon 67.63 Sulfate 0.00
VM 32.67 Hydrogen 4.39 Organic 0.19
ASH 16.47 Nitrogen 1.55
Chlorine 0.01
Sulfur 0.89
Oxygen 9.06
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Table 2. Implemented reactions in Gibbs reactor

Reaction AHg o (kJ/mol)
C+0, — CO2 —-406.3 R1
C+CO; <> 2CO +159.6 R2
CO+3H, <> CH4+H.0 —206.2 R3
CO+H.0 <> Hx+CO2 -411 R4
HoAS < HoS -20.5 R5
CO+S < COS 279 R6
ClotH, <> 2HCI -184.6 R7
No+3H2 <> 2NH3 -91.9 R8
CO+NH;z <> HCN+H,0 +49.8 R9

2013. 9 Vol.9, No.3 | 23



OH

o ByuAd A8E 9 A AAzA I,
Table 4i= BHRA] ALGT 7hasl7]) HA AAZAE
Aolet, A4 AAZAE 1 Foh HuEH 7has)
A8 ed W AA ARg Huste Fed Aol
oY eg A Thasl] o1 LRk Adte] X3
H e E(mole)F tv] FUE= At &l o]

lolu], 78 72379 F4 2 w9l £

2317] FAREL J Yoo(2009)0] &J5te] e ek

Table 3. General boundary condition

Parameter Value Comment
Environmental Temperature 25C
Environmental Pressure 1.013bar

Dry atmosphere N2 78.1%, Oz 21,0%, Ar 0.9%vol

O, Purity 95% Ar3%, Ny 2%vol
0, Temperature 240C
Moderate Steam 45bar/257C Saturated ST
Quench water 37bar/150C Preheating
Middle Pressure Steam 53bar/270°C BFW 63bar/220C
High Pressure Steam 140bar/338C BFW150bar/220C

Table 4. Unified boundary condition for gasifier modeling

Parameter GE Energy(‘” PhiIIips—P66“°)
Coal feeding Wet Wet
Chamber Refractory Refractory
Quench Radiant/HRSC Chemical Quench
Pressure, bar 38 38
Temp.C 1380 1387/1004
02/C mol% 0.489 0.4362

Steam/C, mol% - -
H,0/coal, wt% 0.330 (Transfer) 0.330 (Transfer)

Parameter Shell-scGP" Siemens-SFG500"”
Coal feeding Dry Dry

Chamber Membrane wall Cooling Screen

Quench Gas Recycle Full Water
Pressure, bar 42 35

Temp,C 1450 1450

02/C mol% 0.453 0.453
Steam/C mol% 0.095 0.095

Nz/coal,wt% 0.125 (Transfer) 0.125 (Transfer)
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Table 5. Results of gasifier modeling

Parameter GE Phillips Shell Siemens
Syn gas
Mass Flow, kg/hr 192,070 189,341 190,700 192, 411
HHV/LHV (MW) 532/502 577/541 | 567/540 564/541
SteamYield (MW) 108,26 71.48 96.14 2.69
Carbon Conversi= 9500 | 9630 | 9870 | 9830
on rate (%)
Cold Gas
Efficiency (%) 75.95 82,28 80.88 80.43
Energy
1 2.1 2 1
Efficiency (%) 91.07 92,18 92.99 79.5
Component -
Volume rate (%) Syngas composition after wet scrubber
H.0 8.845 8.822 7.925 9,203
AR 0.925 0.807 0.857 0.847
CO2 12.679 10.400 3,853 3.805
0z 0.000 0.000 0.000 0.000
N2 1.108 1.029 6.207 5933
CHs 0.007 0.861 0.011 0.008
Cco 47,294 47,557 56.224 55.566
Cos 0.030 0.019 0.028 0.027
Ho 28.838 30,222 24,619 24,338
HoS 0.269 0.274 0,272 0.269
NH; 0.004 0.007 0.004 0.004
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Table 7. Exergy comparison of gasification

ltems GE Phillips Shell | Siemens

Input Exergy (MW) 615.4 633.7 6615 655,2

Output Exergy

Chemical Exergy (MW) 509.8 549.3 539.8 555.6

Physical exergy (MW) 294 285 26.4 57.9
Steam exergy (MW) 51.6 356 473 1.2
Irreversible exergy (MW) 246 20.3 48,0 401
Exergy loss (MW) 54.0 488 74.4 984
Exergy efficiency (%) 91.2 92.3 88.8 85.0

Fig. 3 Performance map of gasifier depend on operation condition

Table 6. Comparison of heat recovery efficiency

Items GE Phillips Shell Siemens

Exergy efficiency (%) 48.83 39,92 39.12 1.20
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