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Report Title Comparative gasifying agents in sugarcane leftover

gasification for Fischer-Tropsch process.

By Mr. Worameth Kanjanasorn

Degree Bachelor of Engineering
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Year 2016

Advisor Asst. Prof. Dr. Yaneeporn Patcharavorachot
ABSTRACT

Biomass gasification is one of attractive processes for syngas production. In this
project, sugarcane leftover is selected to use as feedstock. The produced gas has a
purpose to use for green liquid fuels production through Fischer-Tropsch process.
Consequently, this project aims to develop the model of syngas production from
sugarcane leftover by using AspenPlus™ simulation software. In order to obtain the
optimal Hy/CO ratio for liquid fuels production, this process should be integrated with
gas cleaning and H,/CO ratio adjustment. The simulation was performed by comparing
different gasifying agents, i.e., steam, air and steam-air. The effect of operating
conditions in gasifier was also examined to find optimal conditions that provide the
highest cold gas efficiency. In addition, the possibility of syngas production operated
under a thermal self-sufficient condition was investigated. The results showed that
syngas content increase significantly with an increase in temperature and it reaches a
stable at temperature higher than 750°C. Gasifying agent that gives the highest cold gas
efficiency is steam. The optimal steam to biomass molar ratio is 0.6. However, the
thermal self-sufficient condition is not achieved in steam. While, using air and steam-
air are possible. Under this condition, air offers the highest cold gas efficiency which
the optimal air to biomass molar ratio is 1.309. Moreover, the absorption by MEA is
studied to reduce H,S in syngas (below 0.1 mg/Nm?). The results showed that the
optimal pressure in absorber is 40 bar and number of tray equals to 10. If H,/CO ratio

in syngas is below 2, the water gas-shift reactor is required to adjust H,/CO ratio.
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wintuna Wnaidn (fu) udivau | T | wdndnade
Uszloniuan (fw) (1)
) (koe) | (GW-h) | (MW)
(A1)
1. et 19,005,628.14 | 8,112,801.26 | 10,892,826.89 | 134,30856 | 318871 | 7,46159 | 942.12
2. unay 8,145269.20 | 8,006,265.36 | 13898580 | 187909 | 4461 106,39 1518
2. luuazeandan 1701620808 | 1,845.487.74 | 1517076034 | 230,84337 | 557558 | 13.046.85 | 1,647.33
4. wuden 28,026,761.50 | 28,026,761.54 0 0 0 0 0
5, 9an lukasaudnlan 9,315,603.52 | 065780.18 | 884982334 | 86,993.76 | 206538 | 4,83299 | 61023
6. $a17lwn 121507872 | 109408158 | 120997.14 | 116399 | 27.4 60.67 8.16
7. wisdudsndy 6,04550840 | 16419652 | 588131188 | 3228840 | 76658 | 1,79380 | 22649
8. mniiudienas 181365252 | 1,813,652.52 0 0 0 0 0
9, wdonslud s 846371176 | 8.463,711.76 0 0 0 0 0
10, v dini 1,957,280.00 | 1957,280.00 | 14,757.89 | 35038 | 81988 | 10352
11 Tuwagmatra 18,065,00601 | 1,707,454.87 | 16,357,551.14 | 28789.29 | 68351 | 1,599.41 | 20195
12, yeansduan 4,099,859.52 | 1,891,98590 | 2,207,87362 | 1598500 | 37951 | 88806 | 11213
3. dulenhdy 243829159 | 2,434,291.59 0 0 0 0 0
14. nzathau 512482400 | 51268240 0 0 0 0 0
15 usaeadudhinden it fae 65,017.48 3,250.87 61,766.61 1,002.47 238 55.69 7.03
16.ne nuasAstllisnemsy | 109436500 | 21887300 | 8759200 | 575198 | 13656 | 319.55 40.35
17. Yanelifenans 262647600 | 2,626,476.00 0 0 0 0 0
18. Inldinann 262647600 | 262647600 0 0 0 0 0
19, Sidosuamsldnsms 656,619.00 656,619.00 0 0 0 0 0
20, uupzveanausén 292,909.57 5682046 | 23608511 | 363571 | 86.32 201.98 255
21, WasnuayMudsns T 333,310.89 329,976,718 3,334.11 54.11 1.28 3.01 0.38
22, NEAENIN 252,508.25 23054003 | 2196822 393.89 9.35 2188 276
23, Wannuz ndunug 70,038.56 1,670.28 68,364.29 375.32 8.91 20.85 263
T 134,134,102.21 |71,289,681.68| 62,844,420.53 | 562,222.85 | 13,348.12 | 31,234.60 | 3,943.76
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CHuONgSe + heat — solid char + tar + oil + gases (NH; + N, + HoS + H,O + H, + CH,
+ CO + CO;y, etc) 2.1)

2.5.3 n15we ksl (combustion)
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A1saun U (Combustion)

C+ éoz «*TO AH = - 123 kJ/mol (2.2)
C+0, «> CO, AH = - 409 kJ/mol (2.3)
CO + éOz > CO, AH = - 283 kJ/mol (2.9)
CHy+ 20, <= CO, + 2H,0 AH = - 803 kJ/mol (2.5)
Hoy+ éoz <> H,0 AH = - 242 kJ/mol (2.6)

2.5.4 M33A9 (reduction)
Tunsvuaunisiamumsazyhufasertuasuenlaeenleduarle ilondauia
ensuauuouanled wazlelasiau lapufiseniidululilunssuaums o
U uian (Water gas)
C + H,Q/¢» CO + H, AH = + 131 kJ/mol (2.7)
Ujfseynenin (Boudouard)
C+ dOy <200 AH =+ 172 ki/mol (2.8)
UA3eewmesuiatvis (Water-gas shift)
CO + H,0 &> COZ+.H; AH = - 42 kJ/mol (2.9)
URenmudy (Methanation)
C + 2H, <> CH, AH = - 74.8 kJ/mol (2.10)
Ufisevesuiimuiagleth (Methane steam reforming)
CHy +H,0 <= CO + 3H, AH = + 206 kJ/mol (2.11)
CHy +2H,0 <> CO, + 4H, AH = + 165 kJ/mol (2.12)
Unsesveasuiinusmemsueulaoonlan (Methane dry reforming)

CH, +CO, «> 2C0O + 2H, AH = + 216 kJ/mol (2.13)

2.6 wundvheuuungdladiuanyuiisy (Circulating Fluidized Bed gasifier)

fdnwurnsiufideudisdudou mmxﬁ’m%mwﬁaLL%aﬁﬁaqm%mmé‘n
U Welianansaiinanierigdladiedu (Fluidization) melumn Tneluassgn
wyuagluoasnlug (Reacton) uarlelnau (Cyclone) dlulalaauiasdudruildlunisuen

o v 4

Udvonmeinuas dauay (char) Aduvdeasgniounduidluluiesnnlunddnasmils &
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TofveunIUseiand [7] Ao n1sdudasznineeinia wisanssamiisentuildemad
Usz@nsan anduaulangungiing 800 8 900 ssAnaaded Faiiningaumngiinis

v o ) a w W .
wasumamveud Welssiulonaialaymidinigd (agglomeration)

2.7 waluladPuagueavad (U9uea) (biomass to liquid (BTL))

s ] @

AMSHNARNLTDLNALMAIAUATILNIINTINIANIUNTEUIUNISWAATA LATUS 1 TU

AsEUIUNSHTeINTeUs lnsaiuisadenldduiaduinafudssulevalasis 1wy wnay

4

Y & ¢ | - v v -1 a -
‘?N‘U'WI‘WW nEatU1an vransUndy aruivaeued0oe L'fjumu A1HTIOUINYDLNAIIEAY NI

@ e

Yndudaesigvanldnawnuindullnsdeuldlasnse wazannisiiauanie1nnisldau

WaenUsiEniuzau JUsuimaisdsenavaslsuifnduiauaiues [3)

2.8 MsdnazNgasnseUd (Fischer-Tropsch synthesis)

=l &

A 1 - = L3
mM3dsunsgualinuasuauiu viedaunalduasusenoulalasariveuan

g 1 - v

nudeulagiuUfisainisuiadbiaduiluufaduesizideu edunduasizddons

]
=i

Ufisenfluvesnseud loansusenaulalaseivounauifiozneumsuousyning 1 s 23

3 W - ¥ o =Y 1 = = s
avmonduly (3] gaumpdildlunisandunueglugag 190 fs 350 ssrueaided wasa e

15 fl4 40 u13 anursauentssndiuuesndu 2 sUwuu [7) fe FvwesnsoUdgamgien
s ° a = P 1 =

(low-temperature Fischer-Tropsch, LTFT) ﬂuuumququuluma 190 a4 240

amalfea uazilviveinsoudeamgiigs (high-temperature Fischer-Tropsch, HTFT)

o A < aaa

Aiununguunlilugag 300 §1 350 asrneallos Inedusaljisereenlenvedansialy

D

v < o = ¢ g4 & e P oA o @
Al Ao laveadi uaziudn Felaveatt wazimdndudsefimuisaudniugduuy

i
=

a 3 L4 & 0 o = L 1 = 3 €
Wolveinseudgungiin) ieninly (waxes) wagdiva (diesel) drugunuuivivosnsoud

anvilgeiidnseainngay Ao wan iendniuudu ke Aueiildennszurunisesu

asusznavlalasmiveunay dadlarugvesaulalasasuou vioduusznaudusd
waneneiu sy Wewmdaraiilafoniudumsuiudsnmnn wavnsuendeqiou wu

msuandinlglalasiau visensndulaeldvendu Wudu wWelwlddundumdundasugnnig

T oo e o v ) o

N30 laud fua wudu didufie wiansdu ddundedu wazdnu dmduunudiasy

NSEUILUMSHAATBNEUMEINNNTLUIUMTANATIEWTITLDINTOUS wanedsguii 2.1



dwsuuitedululflunssuiunsdaameiiiueesnsoud S
Ujnsemsinaueaiau (Alkanes)

nCO + (2n+1)H, <= C.Hzniz+ NHO
URsensiinueadu (Alkenes)

nCO + 2nH, <= CH,, + nH,0
Uisensiiaueanaged (Alcohol)

nCO + 2nH, <= C.Hyn2 0 + (N-1)H,O
UiTensiioueanaand (Methane)

CO + 3H, <> CH,; + H,0O
Uffsenewmeiuiadny (Water-gas shift)
CO+H,0 < CO, +H,
Uise1ygenin (Boudouard)

C + CO, > 2C0

1N, aarmu, lah

cnitu, Fram

B -
T URSANATIEN

uiiaassum, nfasen b
—_—

B —— T —

- Particulate Removal

- Wet Scrubbing
g sondiay loth - Cetalytic Tar Conversion
! L
- Sulfur Scrubbing HyCO = 1:1

= Water-gas Shift, etc,

11

(2.14)

(2.15)

(2.16)

(217

(2.18)

(2.19)

A e a g o ; - 1 s a & L
JUN 2.1 wanilsagunissantiuamashunsdueeinluainsoud
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fingBanmil Co, gninanm fiaieico, )

Steam

Cooler Heater

eal Exchanger /IMNA

\L FVIRTATLAY \T/

mafanaw

FR—

voaedy WORUANTN

JUN 2.2 wmelulagmsmdnuiaaiiveulaosnleduuugaduniad

q

2.9 nsyuauMIUITuanINLAaFeLAs1ZH (syngas treatment processes)

3 1

Wosndsuleulunfadunsien wu asveulasenlas (CO,) lalasaudalua

ar &

(H,S) Sinadarranuiouvesufiadaunsien nadonisianseuaunsal nadenisnasidy

| @ s 1 U

lawnsa (Hydrate) Feasilnanan1soasu ANASOUIENININITIVANIUND wazNaARDFILTS

UfiTenlunszurumsdunmeiiigosnsoud duu nrsusvanmuiadaasiendesdniu
Aouthuldiu Fafinssndinldlunisusuanindronasds 1 inalinnisgada
(adsorption) tnafian15gady (absorption) wagimadinnisidentiulaeldiuuiusy

IJ <5 kot ﬂi‘i‘ 1 :’I lﬂy @ L= L3 & & G: v
(membrane) ‘Nﬂ?iLaE)ﬂl'UmﬂI‘UIﬁﬂﬂﬂﬁ??ﬂﬁﬂﬂﬁ]%’uuaﬂaﬂ‘lﬂm:ﬁ‘ﬂ DHAAT AN ANANN |9

Y

o v . .
nnszuIums lnslunilidenldnszuaunismsgaduniaiail (Chemical absorption) (8]

9 ) & o P ) ol o 1 i |
A1MIUNITVIUNITUD A AT AELAL ‘ENLﬁll']%ﬂ'uﬂqiuLLﬂﬁﬂiﬂluaﬂﬁ'}]UﬁQ\j LYU

s = al ol e

lalasiaudala wiearsusulaeanled nanfenisldsnadumiuainiauaudmiduiueg

U 4

L3 L=l

Tngliufaniveulaeenled wislslasiaudaludluuiadunsizvasarsludagadumiaad

FANHNNITVDINTTUIUNITH AD DIFEAIIULANATIIAIUAIILANNITOIUNITAL AL TDIUA

@ = =i

s ¢ o W o = o &
ﬂ']'iU@Ulﬂ@@ﬂl‘ﬂﬂ LLasLLﬂaaaLﬂ‘i’lsﬂuﬁ’l@ﬂ%mmdmﬁ ‘ZNW?mﬂsﬁlwmﬁLﬂllﬁ']uq'iﬂwuwuaﬂqw

d
(regenerate) 'Lé'ﬂﬂﬂm{lﬁm’m"fauﬁﬁwé’qmuqandqwé’amuﬁ’uﬁxLﬂﬁssmmﬁa@m%mmqmﬁ
wazlelasiaudalid wiearsuoulneenled dedrsigadunaaiiildlutegiu idu
asasaefifoyiugueamyfleituiediu uavasazarsueslanily (9] Tnefeesaunisi
aSurgnalanisgaduufianisveulaennledlanaldarsusuetoniluaiiiu

=

(Monoethanolamine: MEA) $i&ai [10-11]
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UfAsensulusaeu (amine protonation)

MEA + H,0™ <> MEA"+ H,0 (2.20)

Ufisenasnslumsueiun (bicarbonate formation)

CO; + 2H,0 ¢ H 0" + HCO5 (2.21)

Ufjitenainemsusiun (carbonate formation)

HCO5™ + Hy0 «=> H,0" + COs* (2.22)

Ufisena39aue (carbamate formation)

MEA + HCOs; <> MEACOO" + H,0 (2.23)

Uﬁﬁ%&ﬂl?ﬂﬂﬂﬁ%ﬁﬂf’? (water hydrolysis)

2H,0 <> H3C)+ + OH (2.24)

Uiizewnnsalalasiaudalvs (hydrogen sulphide deprotonation)

H,O + HzS <= HS + H,O° (2.25)

H,O + HS € 57 + H,0* (2.26)
peAUsENEUVBITEULREIMEnATY LAz voRUANW (Regenerator) lunsiliifin1sld

uiaanfuaulaeanledeanainesavans waziuansazarenaululdlnd aeluneilidinans

viaaRnveRNNunRalunsehema dsuantlugun 2.2

af

2.10 91U MN8IVB9

2.10.1 MSHARLAGAILATIZHIINTINIAAENTZUIUMUAFTAIATUY
Chutichat B. uagamg [12] wuamatauiiuuitaesveaunindrhguuungdladiun

o Ti A a2 o/ o o ] A
wyudewlaeldlusunsudisagy Aspenplus™ iodinsieitadendnlunisdnidusund

nareUsEANsaMve A ILndYsuuuNgBladiuanyudew dmsunisndnuiadunsigind

e

dndulalasiaugelaglidnaviruasennulowt annnisfinwimuiiufadaasisinugal

e

nudsedladsunlelasiaulutiedosas 50 14 60 Taedsuies wazuiaduasievazil

UseAnsnmgeaniigaumniilutig 650 fis 700 eareaidiva Jsiigungiuedleriigiazyinl

Y

e

nmsvyuleundsunslumundelivismes JsdmavililsednsnmiBeninusousiy

aas ] @ I

YOINTTUIUNITARBUNEDI DAY 16 wananlifawuin n1slgfvinufAtersiuiusening

H a o« v w P ' o < a
21NA LLﬁSIE)‘LJ’l a']l.f'ﬁﬂwaﬂLﬁ&Nﬂ73iﬂwa@ﬂquIUﬂ§3U?uﬂqimijﬁ Lm%‘ﬂﬂﬁiﬁiﬂ‘ilﬁluwwa

£
=

Taanas sathy wddeildadukuinislunisidenldwmiundvne esa1nuddetinanin
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duiiviofwesdosanmslipsesfuuuusyan (proximate analysis) bz 53AsIY
LUULENE (ultimate analysis) 9niugsdUsEnayYDIsIw (ELEMENTS) warlavh (STEAW)

flgunannnsinit (WATER) uuiedesliinniufau (SHEATER) avgnilouginiundvine
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3.1.4.2 WU nsnlunnaeAusznau (Decomposition reactor)
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3.1.4.3 wun@wsuuungdladiuavauis (Circulating Fluidized
Bed gasifier)
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3.1.4.4 %i28uBNYaILs (Solid Separator)
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dunsent lnglddnseuiaduasigifiaunsanulnld (thermal-resistant particle filter)
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3.2.1 nsyuaunsfisadwuilou wasuivanmuiaduasesiilsiduiaies
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(HEATER2) nouteuidngveauanin (REGEN) lasgavinaaisavaisuouaieniueadiiu
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3.2.3.2 vegaduufdlalasiaudalnd (Hydrogen sulfide Absorber)
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