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Plant configuration
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ccT )
Coal gasification section g

Wellman-Galusha gasifier:

water outlet

water outlet L <« water inlet
- Fi e 7 : gas offtake
Fixed-bed, up-draft gasifier o it L /—:ﬁ o
- Fuel capacity: 35 kg/h %
- Thermal input: ~ 200 kW -
/ water jacket
- Syngas outlet temperature: ~ 300 °C
- Ash discharged: dry e waterinlet
<< ‘ ‘ >> < air + steam
FORTRAN-based equilibrium
model, developed by DIMECA |
ash
Castiadas, 11 May 2005
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Coal gasification section

Gasifier performances: Ultimate analysis[% wt]
PR Carbon 53.17
- Fuel capacity: 35 kg/h Hydrogen 320
H : ' eee—— Nitrogen 1.29
Fuel. .Su.l cis coal I Silphor o
- Equilibrium temperature: 1000 °C Oxygen 6.75
- O, fraction in oxidant airz 0.207310 0.90 | SPorne L
Ash 17.31
Syngas composijien~_ LHV [MJ/kg] 20.83
CO ‘\
o,
H, / Gasifier performances Il
N, /Syngas mass flow [kg/h] C105.12 >
CH, Syngas volumetric flow [Nm3/h]  10Z.
H,S Syngas LHV [MJ/kg] 6.6414
COS Cold gas efficiency [%] 95.76 D
Ar Syngas outlet temperature [°C] 288.5
H,O Gasifier yield [Nm3/kg] 2.70
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Gasification parameters.

045 7 —— - — 2.0
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Syngas properties.

- Mass flow: - 47.95%

- LHV: + 94.99% : s
= >

0 I

- Cold gas efficiency: £ 8
+ 1.50% 5 3

8 @)

(from 95.76 to 97.20%)

Oxygen purity (%vol)
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Syngas composition:

- Concentrations:

!

Coal gas molar fraction (%)

[mol. %]  [kmol/h]

N,: -95.49%  -97.26%
U U

CO: +69.17%  +2.85%

H,: +66.77%  +1.39%

CH,: +66.00%  +0.92%

i 3
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Summing up...

- Syngas mass flow reduction of

% : RS, about 30-40%

} o Syngas LHV rise of about 43-
. e 70%

Oxygen purity (%vol)

Air enrichment: up to 40-60%

; | H, concentration in raw
‘ | | mmmmp  syngas: rise of about 34-
A 52%

Oxygen purity (%ovol)
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Part A
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'\ plant configuration

v coal gasification section

cold syngas desulphurization process

Part B

hot syngas desulphurization process

integrated CO-shift and CO, removal process

hydrogen separation system

conclusions
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SETACAREC Cold syngas desulphurization
Plant configuration

cold gas
desulphurization

-

-
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Absor ption process: clean syngas
/I\ L acid gas
- Solvent: MDEA i &
(HO-CH,-CH,-), N-CH, | j@
raw syngas I :
> stripper
— liquid-liquid
absorber  peat exchanger
- H,S dissociation " absorption pressure: 1.01 bar

H,S< H'+ HS- ™= - absorption temperature: 30 °C
. MDEA concentration: 50 %

- Absorption
MDEA + H* == (MDEA)H* final H,S concentration:
(design conditions)
100 ppmyv
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Operating parameters.  clean syngas

/I\ L p %} acid gas
- Solvent composition: < : >
0 —
MDEA = 50% raw syngas I é
> stripper
absorber

heat exchanger

- Raw syngas mass flow: 81.3 kg/h
- H,S concentration in feed syngas: 1.29% (molar)

- Absorption temperature: 30 °C

- Regeneration temperature: ~100 °C , ,
Simulation model based on

ChemCAD 5.2 software
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Summing up..

)

Cold syngas desulphurization

=) Final H,S concentration: 100 ppmv

!

Removal efficiency:
99.5%

Removal Efficiency
o

{ reboiler;: ~10 kW
/G mass ratio: ~3
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'\ plant configuration
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Part A

'\ cold syngas desulphurization process

‘- hot syngas desulphurization process

- 1ntegrated CO-shift and CO, removal process

Part B

- hydrogen separation system
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SETACAREC Hot syngas desulphurization
Plant configuration

X

hot gas /[ ]

desulphurization v
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Hot syngas desulphurization

CCT ¢
20051

Absor ption process: i UL
=<t >¢
eV p—
- Sorbent: iron oxides Fe,O, NV N

reactor 1 reactor 2

: 3 bsorpti d ti
- Sorbent regeneration with ey —— \/( SR

alr or steam i gid |
raw syngai@ A acid gas
heater

- Raw syngas mass flow: 22.0 kg/h

- H,S concentration in feed syngas: 1.29% (molar)

- COS concentration in feed syngas: 0.05% (molar)

- Absorption temperature: 350 °C
- Absorption pressure: 1.01 bar

Castiadas, 11 May 2005

(design conditions)

< 100 ppmv

final H,S concentration:
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Cold syngas desulphurization: S

- Widely used in industrial applications

- Extremely reliable
- Several management problems

- Reduction of global efficiency

Hot syngas desulphurization

- High efficiency (limited power loss)

- Extremely simple in plant configuration

- Far from a massive industrial application
- Lack of experimental data
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SOTACARBC CO-shift and CO,, absor ption
Plant configuration
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| ntegrated process.

- 2 stage catalytic CO-

CO-shift

P LS

(1%t stage)

—

—>

shift process

- Intermediate and Alon
final amine-based  SYn9as
CO, absorption
process

- CO-shift process:

(operating conditions)

—) |

Castiadas, 11 May 2005

_>v
CO, removal

et

(intermediate stage)

CO-shift

>
. , J (2nd stage)

EE——

2nd stage temperature: 250 °C

Pressure: 1.01 bar

CO-shift and CO, absor ption g‘%f

hydrogen
rich syngas

CO, removal
(final stage)

(15t stage temperature: 350-400 °C

. Steam/CO molar ratio (design condition): 2.5
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CO-shift process:

- CO-shift reaction (exothermic: AH = -41.165 kJ/kmol):
CO+H,0«<CO,+H,

Simulation model based on the
Aspen Plus 12.1 software

: i mass flow: 21.518 kg/h
A L —}{ temperature: 350-400 °C
Pt pressure: 1.01 bar

- Syngas feeding composition —)

Castiadas, 11 May 2005

L@fv

CO 0.2762
€O, 00226
T, 01636
N, 073829
CH, 0.0264
H,S traces
COS traces
Ar 0.0045
H,0 0.1238
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CO-shift process:

- Optimal steam/CO
molar ratio: 2.5-3.0

i

Castiadas, 11 May 2005

CO conversion

+ 27 stage
—E— Overall process

| |

| |
I I i i
2 3 4
Steam/CO molar ratio
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400 °C

250 °C
30 °C

1stCO,
abs. stage

Intermediate CO, removal

mass ratio: -29.4%

18t CO, absor ption stage:

oIl SSel [eAoWa) ‘0D arelpawuIsu|
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Absor ption process: clean syngas
- Solvent: MEA /L e ,MS
HO-CH,-CH,-NH, I B f@
raw syngas
>¥/ e AN stripper
L liquid-liquid

heat exchanger

( absorption pressure: 1.01 bar
- CO, absorption SIS

, absorption temperature: 30 °C
influenced by

. MEA concentration: 25 %

final CO, concentration:
(design conditions)

< 1% (vol.)
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Operating parameters.  clean syngas

/I\ L p %} acid gas
- Solvent composition: < : >
0 —
MEA = 25% raw syngas I é
> stripper
absorber

heat exchanger

- Raw syngas mass flow (final stage): 22.2 kg/h
- CO, concentration in feed syngas (final stage): 13.52% (molar)

- Absorption temperature: 30 °C

- Regeneration temperature: ~100 °C , ,
Simulation model based on

ChemCAD 5.2 software
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Summing up...

Steam/CO molar ratio: 2-3
Overall CO conversion: ~99%

Rermoval Efficiency

[0} 4 8 12 16 20 24
Liquid/gas mass ratio

| —

|

QOconversion
o o o
IN o ©

Steam/CO molar ratio

LH@@ { Final CO, concentration: < 1% (vol.)
] ‘ Removal efficiency: 99.0%

reboiler; 10-15 kW
L./G mass ratio: 8-10

Castiadas, 11 May 2005
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'\ plant configuration

Part A
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coal gasification section

'\ cold syngas desulphurization process

\ hot syngas desulphurization process

\ integrated CO-shift and CO, removal process
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- hydrogen separation system

. - conclusions
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SETACAREC Hydrogen separation system
Plant configuration

H2
PR N,
H, purification

-
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[l soacare Hydrogen separ ation system
Oper ating parameters:

- Required hydrogen purity: 80-85% (vol.) gg 0'8(1)‘1“5)
& 0.480 >
N, 0.4308
- Syngas feeding composition (air-blown gasification): = | CH, 0297
H,S Traces
COS Traces
Ar 0.0051
H,0  0.0381

- Hydrogen separation PSA (Pressure Swing Adsorption)
technologies: l membranes
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Hydrogen separation system

Oper ating parameters:

ll soracareo

1

uoIre.Juaduod euH

0.8

0.6

Oxygen purity (%ovol)

Oxygen purity
Design of
hydrogen separation
system
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'\ plant configuration

Part A
>l

coal gasification section

'\ cold syngas desulphurization process

\ hot syngas desulphurization process

\ integrated CO-shift and CO, removal process

Part B

v hydrogen separation system

|- conclusions
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Gasification and CGD: 1

- Hydrogen from coal — small and medium
scale industrial applications

 syngas mass flow reduction: 35-40%
rise in syngas LHV: 9.5%
.rise in H,, CO and CH, concentration

- Air enrichment:
40-45% in O, )

removal {reboiler: 10 kW

09.9%) | L/G mass ratio: ~3

_—— | O
iyl
B air
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Hydrogen production line: t

CO-shift { CO conversion: > 99% » "
: -shitt process: 2\ ]
. steam/CO molar ratio: 2.5

boiler: 10-15 kW
- CO, removal: 95-99% { i : -
L/G mass ratio: ~8

~gncentration; 48-86%
! — 10
Ry
u air
L
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