AN9AAILALNNTLATI AT I AT WA NG AUIINAN A AAILATILIT

IAEINILUIUNNTUA AT AT ULRITINIA

UNANNTIUNT ANINA

f'i'vmﬁﬁwuﬁﬁyﬂuzﬁ'qwfi\mmmiﬁmsmmwﬁﬂqmlﬁmfyﬁmmsummmumﬁmﬁm
ANNITIIAMITUAN  N1ATTIAAINTTNLAT
AMTAAINITNAIART AN1AINTDINMAINLNAE
TnnsAnmn 2556

wﬁma NAINTINUN NN B .
'LW]ﬂ@?_I@LLZ\] LL‘V‘INT@N@’Q‘U‘ULﬁ]N"II'BQ']V]EI”]uWHﬁm\?LL %T 19ANN 2554 N Mmmﬂummﬁmmwﬂw (CU|R)

Huuindioyaestidndnaesdng Bwusngsinunwiussnaae
The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository(CUIR)

are the thesis authors' files submitted through the Graduate School.



SIMULATION AND ANALYSIS OF COMBINED CYCLE POWER PLANT FROM
SYNTHESIS GAS BY BIOMASS GASIFICATION

Miss Patcharin Supawimon

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering Program in Chemical Engineering
Department of Chemical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2013

Copyright of Chulalongkorn University



o a a

v '8 o a 6 v o
MR NeNINUE N1791809LAYN1T9LATIZF 129 W AN A9 U
ANNGAUTINANALARRILATIZEIAEINTZL21NNT

WA AT UURITINGA

e UNANNTIUNT ANTHA
GRETaLL AAINTINAN

o‘dl a a g o ¥ o1 e o o=
81903 LIN AN ANUENAN HaaeANansNanse ag.eNste 8109l TIuN

AUEAAINIINANERS TNaNTINUNANENAY auslR [UAne Hnusarfutily

ANUNTITINNIANHIINUANARILB Y eUNUNTTUe

AL ATULAAINTINANART

(FN2n3719138T A9, TouAm 1aaansnl)

ATLZNIINNITADLIN1INIE

192871NTINNT

(HEram1ansIansed A3, aIAUNY anndaulsa)

AN IENLEN N TN USUAN

(faepansIanssd Ag. anste 81nTniITIUN)

NITNNIT

(fnam1ansnanssd a3 ganw @aanes)

NFFNNNTNNLUBNHIANINEAE

(3. (YNUNg WaasTR)



WTUNS ANINA : N1991889uazn19dATeils I ndauauFausanainuia
Az lnenssUauNWA AT A AT UIR9TINIA. (SIMULATION AND ANALYSIS
OF COMBINED CYCLE POWER PLANT FROM SYNTHESIS GAS BY BIOMASS
GASIFICATION) 8. TR AN INUEIAN © a9 ausFE ANNTOIITIUN, 118

v
U,

a o

a’lld o ¥ ' 24 %
\‘1’]%@@EluﬂﬂHWT?\?iWW’]W@QQWHF’]QWN?@M?QN@’]HLLﬂ@@QLﬁ?’]ﬁ‘lﬂﬂﬂﬂﬁ‘%Uquﬂ'ﬁ

wAatnduresdonag Tnalduiadineesuuungdnladiun NaniazauduussaIni e o9

a o a

1 Tsunsndnfaglunnsdnaasnszuaunig Inee1udaaunans N NN aIMAa RN
nisineasludszinalnedaliiunauazdnananlunislduan il ld Anwianioeh

dl v v Y Aaa o o a
mnzania i ldanssouzaasnszusunsuiadnindugegn wasanulningniuas

[ %

Use@nsninnviningega doudsaiiunisianen Ae gruugiuiadinieas Aonumu

whad Waas ansndauaadletinfadouda (S/B) anndiuaa9aniFsabatii (A/S) dngdou
= o ey = , = o
N1711AUTINIANAN AT NATDITRATINIA HANITANHINUINNT AL asan12zfqwls
ALRUNIINNANTENUARANIIDUZIDINTIZUIUNTUAATALATY 29U NaLURILAR
AUATIZY ANANTAUUAILAAZILATIZY FATINTT INAITINAATRILAAFILATILIF TN
Prnulnfngnsuazdsz@nsninvesszuy weldludesfluingiuieuarlditsunnini

a

a wazialdWedadudngivutleuaslvilsc@nsninaesszuugengn e

q

a lﬂl
gNINING

[ %

A dl dl a d’ld A % [~1 o a a wa 1 a
n1aaaninngalueuddeiine nisiaenludesiiuingivuilewdfimnisludesg g
whad lWeas 600-900 avALTALEed aRsilaulatinFadionga (S/B) Windu 0.75 wasieng

flauaniasialain (A/S) Haeiign



# # 5271555221 : MAJOR CHEMICAL ENGINEERING
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PATCHARIN SUPAWIMON : SIMULATION AND ANALYSIS OF COMBINED CYCLE
POWER PLANT FROM SYNTHESIS GAS BY BIOMASS GASIFICATION. ADVISOR:
ASST. PROF. AMORNCHAI ARPORNWICHANORP, D. ENG, 118 pp.

In this work, the production of electricity from biomass-based integrated
gasification combined cycle (BIGCC) with atmospheric pressure fluidized bed gasifier is
investigated using commercial software to perform a simulation. Potential biomass from
agricultural residue in Thailand is considered for produce electricity. We studied proper
operating conditions to achieve high gasification performance, high electricity
production and efficiency. ~ The operating variables considered included gasifier
temperature, gasifier pressure, steam to biomass ratio (S/B), air to biomass ratio (A/S),
feedstock ratio and type of feedstock. The results were found that changing of operating
condition of BIGCC affect to gasification performance, syngas composition, heating
value, mass flow including net power and electricity efficiency. The highest net power
can be obtained from Bagasse leaf. Rice straw has highest efficiency. Further, the most
promising option is Bagasse leaf feedstock with 600-900 °c gasifier temperature, 0.75

steam to biomass ratio (S/B) and less air to steam ratio (A/S).
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Li  wazAe (2004) 13189 UN92UUNNTLAGTA AT UIa9Ta N afiuwuy Taeld

1
g =

wiresdfnsaluuungdladiua uanmasesdilithuiieuifisuiunimianeantung
TnaAnuHaT999 MR SRINEIUTBIDINTA ANULILLYE NNFRALENARE) waznsanlenn
FaedAlITNaLLAZANANEBUIBINARNAUTILAE N19971823THLAAULIL non-stoichiometric
equilibrium TN AR UBATEALAT (Gibbs free energy minimization) Taaims9
Qﬂv’mmLﬁ@ﬁmwﬂ@:MﬁmwmaﬁwmmmLL%%VLWL@@% desarnmnideciunaes
NITUAUNITURATHLATUATIAINANAALA m@f%ﬂ@mﬂ'a“zmumﬁqgﬂﬁwuﬁ”mﬁ@

Fuulasuannadiniuinunaesdlsznauaasuia Aradssauuas Cold gas efficiency

Mehrdokht wazAnsy (2008) lHaaasnszuaunsuiadiiadiaesdanalungdn
ladiunussaania tneld ASPEN  PLUS f-‘immm?"mﬂf]mzﬁzl wiaauay FORTRAN
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ANSI9N 3.1 ANHUTLAZENALIIZNELUIBNTIHNIA (Energy for Environment Foundation,

2006)
R TR 1Y Dt [T ICT Er 2 VT wnay w1911 duaas luaas
AANHAY (%) 12.00 10.00 50.73 9.20
ansazellé (%) 56.46 60.70 41.98 67.80
ANTLAUAIAD (%) 18.88 18.90 5.86 16.90
Tk (%) 12.65 10.39 1.43 6.10
NMS3LATISALLILILENET6)
ASLAY (%) 37.48 38.17 21.33 41.60
laTasiau (%) 4.41 5.02 3.06 5.08
aaNTLau (%) 33.27 35.28 23.29 37.42
Tulnaiau (%) 0.17 0.58 0.12 0.40
danasd (%) 0.04 0.09 0.03 0.17
ARBTU (%) 0.09 Na Na 0.01
T8 (%) 12.65 10.39 1.43 6.10
AN (%) 12.00 10.00 50.73 9.20
Qmﬂuﬁaﬁu y
AYNNILLULTIN (kg/m”) 150 125 120 100
ANANNEBUGN (kJ/KQ) 14,755 13,650 9,243 16,794
AARsEauRn (kJ/kg) 13,517 12,330 7,368 15,479
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ANSI9N 3.1 ANHUTLAZENALIIZNELUIBNTIHNIA (Energy for Environment Foundation,

20086) (5i9)

N9AATIEALLIL a7 lenlan nzan nzane | nethav
szuna E19N15T than | thaudan

m’m%”u (%) 45.00 38.50 12.00 58.60 48.40
a3ssinellé (%) 45.70 42.68 68.20 30.46 38.70
ANTLAUAIAD (%) 7.71 14.39 16.30 8.90 11.70
’?ﬁ?ﬁw (%) 1.59 4.42 3.50 2.03 1.20
NMSILATISALLILILENET6)
ANTLAL (%) 25.58 30.82 44.44 21.15 23.90
lalasiai (%) 3.19 3.74 5.01 2.56 3.04
ARNTELAYU (%) 24.48 21.61 34.70 15.34 22.91
Tulagiau (%) 0.14 0.84 0.28 0.27 0.56
Taes (%) 0.02 0.08 0.02 0.04 0.06
ARETU (%) 0.01 0.11 0.02 0.16 Na
?Jy?fjﬂ (%) 1.59 4.42 3.50 2.03 1.20
ﬂ"J’]S\I%Wu (%) 45.00 38.50 12.00 58.60 48.40
ANANTTRDY
AANNUUILUUTIN 450 250 400 380 Na
(kg/m’)
ﬂ'ﬁmﬁm?ﬂuga 10,365 13,127 18,267 9,196 9,370
(kJ/kg)
AN ﬂ')’]ilg'ﬁ‘ﬂulﬁl’] 8,600 11,400 16,900 7,240 7,556

(kJ/kg)
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ANSI9N 3.1 ANHUTLAZENALIIZNELUIBNTIHNIA (Energy for Environment Foundation,

2006) (si9)
msapgziiuuy | ludhan | dedaine | deu windu | waanld
szunn 1iwe | dilends | ganfdas
AN (%) 78.40 40.00 41.70 59.40 60.00
ansrzellé (%) 16.30 45.42 46.46 31.00 28.00
ANFLAUANEAA (%) 4.60 13.68 8.14 8.10 9.56
T (%) 0.70 0.90 3.70 1.50 2.44
NMSILATISALLILILENET6)
ATLBY (%) 10.13 28.19 27.83 18.76 18.60
laTasiau (%) 1.25 3.36 4.06 2.48 2.12
RRNTLAU (%) 9.44 27 .42 2247 17.50 16.68
Tulnalau (%) 0.07 0.12 0.13 0.32 0.15
dainad (%) 0.02 0.03 Na 0.04 0.02
ARSI (%) 0.12 0.05 Na 0.05 0.10
Tk (%) 0.70 0.90 3.70 1.50 2.44
AN (%) 78.40 40.00 41.70 59.40 60.00
ANANTTRDY
ATNNUILUUTIN Na Na Na 250 Na
(kg/m’)
AIAIINTBUGY | 3,908 11,298 11,704 7,451 6,811
(kJ/kg)
A1Aa N3eURT | 1,760 9,615 9,830 5,494 4,917

(kJ/kg)
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3.1.2 n15uUagiY (Conversion Routes)

dl 1 Y v P4 = (<1 A AJ o o a o dl (<1
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1 o a o
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v 7

AuRanandan N17uU a9 uIa9TAN AT UITALNAITAILTS ITRIWANTAILIAT LAL/1TD

d” a (2% 1 [ Y @ [ dgj
L?]‘ﬂL‘WZNLLﬂ@@"IN’]?ﬂLLUQﬂ?ﬁUQuﬂW?M@ﬂ1ﬂLﬂu 3 NTTUIUNNT mm“l,ﬂu

1. nswdasduniamlinannbau (Thermochemical conversion) @7 N1904L L4
i 3 nszuaunnsdes A N7 Wl (Combustion) NNseieadaneafaeAINsals (Pyrolysis)

wazlngdnLAgy (Gasification)

a a ¢ o

2. msulassiunie@iaweil (Biochemical conversion) @aldqauvistmaniinnlunis
wilageli U nnsvsinueanased (Alcohol  fermentation) wazn1suinuAgTININ (Biogas

fermentation)

3. N17uUAaIdUNIGLARNIEAIN LU NN IR U U LU UITAN12TA LU

(Densification or compacting) Lazn19&1A (Extraction)

n3zLUNNILLaeilis 3 nezuaunagnilszgnalinInige uanafsgii 3.1

Biomass

¥

Pre-conversion logistics

Harvesting / collecting - Transportation - Preparation - Storage

Thermo-chemical conversion Bio-chemical conversion Physico-chemical conversion
Combustion Gasification Pyrolysis Alcohol Biogas Compacting
‘ ‘ fermentation fermentation ‘
Solid / Liquid / Gaseous fuels

L

Electric Energy - Thermal Energy - Combustion

3‘1]'17"1 3.1 nsuasiudusudonaa (Whlk) (Barz et al., 2011)
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3.2  walulagun&dnLagy (Online)
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3.21  nszurRnIsuNATNLATY (Puig-Arnavat et al., 2010)
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Water gas reaction C+H,0<«>CO+H, AH =+ 131.4 kd/gmol (3.1)

Boudouard reaction C+ CO, <> 2CO AH =+ 172.6 kd/gmol (3.2)
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Shift reaction CO+H,O«> CO,+H, AH = -42 kJ/gmol  (3.3)

Methanation reaction C + 2H, <> CH, AH =-74 kd/gmol  (3.4)

322 dinuaswnddiniand (A. Gomez-Barea and B. Leckner, 2010)
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Fluidized-bed
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3.3 24495993 (Combined cycle)

' '
a A

nsAmedss@nininaasls Wiinasanuannubauson HudandAnydiasann

A

innseensuniuaneialanineaniznisean liin 2995998 (Combined cycle) MAanu

]
o 2%

Sauannuididgraanaiuuialuntsuan i na s 1lssdnsnawunnngn 50%  FaN1nnan

TTULNATNI 14 @nviagananndnszuy Supercritical pressure reheat steam power plants

d”q/ a v v a c: | :/J a dl a [ o v dl 1 o
izuuummmmmm”LV\IV\hTmﬂelﬂjLqumnummﬁzuummemmﬂummwmwmmu
3.3.1  NIUUWNA (Gas Turbine)

AoiuuAadundanalundaesluasmui danutanguge Iandudeuiiaauas

= = A = = ] a A o A gu o g
NﬂquL@ﬂﬂ?Q\? NI1TAURAINTIALTA ﬂq?Lm?ﬂNﬁ‘zUUﬂ@uLﬁuLﬂ?@QQﬂ?Q?Q%ﬁLQ@']@‘M ToULU

% 1

9/d| [~1 a 1 QI % = a (2] A ol al o o
EI\ﬂﬂ“ﬁ‘ﬂ’J’]Lﬂu@Jlﬂ?[ﬂ‘ﬂ@\‘iLL’J@@’I’JN HHUANBNWEINALASLNALTRUNTEANAN LL’ﬂL,%W;I"’Q’]ﬂfN‘WIAl

uRgsaun 1A e Nanan I wasANFaulEansdauniiedas

1
v o (24 1 =

WuuRgattsdredn g uluadnlagdninizuruaad Wi nuanls atngled

A o v o o a v o v o 2 dl % a
mmzuuumhmmumm@mVLWmeTquimwﬂ@:slﬁjifmﬂumﬂm@uwimmﬂm:m@m

ansiaeendy Wseaularlaniainnssuaunisuan weide JusvAnin naesioiuuials

1
o A

o <K <K 1 a a dgj a a v
ﬂ‘WL‘cH‘LLWLu‘ﬂ\‘i"ﬂ']ﬂﬂ’]?ﬂ’]u\‘iﬂ\‘iﬂq?ﬂﬁﬂuiuLLﬁﬂl'ﬂ\‘iﬂ?ziﬁVIﬁﬂ’W‘WﬂJ‘ﬂﬂLﬁﬂLW@\ﬂuﬂ’]ﬁ‘NﬂﬁﬂwV\h

o

q
o a = a a 1 dal a 1 (24
ANAINITHAR  LAZANNHLATLTAINIUNIINAR UFTUIUTAIUNASLTALNGY iU uAA

sesntANANA ATy TuN s Ruasuuarduiluilads Aty nasiiunnasnisuas

o o

WiuuAalEuann1ImeguunaA1aas (Thermodynamics) 138141 Brayton cycle

¥
b4 o o o

d‘ d‘ a . 9/4‘ a K
FefgadesiunisenmnusuaessaIniIdwLLlamuingtn (Isentropic) Nsn wsiAindulu

L

ANITANHANAITILAZ NN BN UAITR e NALEN g AN AUGENAY Tuniel fiiRas
a a ] a d} a
NaussdaanukazaN lianestuinan

1. n198ALUL Non-isentropic 41MFLERINAIBANINAUIINTNINUA GIUNHAIN

n2eRazgandnAN luenNAR

1
=

2. NN3TNYAILUL  Non-isentropic §uUANNAAAIAINNITULNIADHN LA

audAnylunsdurdeuATasanANAuLLL AN sZ@nEnn  ERsdauAnuaudn

v IS

= < o
LNEITDINATEI UL Telianauannnisuanasia



29

3. ANAuNAY 1A nszuLNaINANLATAIEAAINNAY NNARENITAAAITUDY
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3.3.2 nanulaun (Steam Turbine)
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ANN137 3.1 (F. Emun et al., 2010)

PNET
N.(%)= x100% (3.5)
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42 N9IATISUANANLBIRITININ

v
o % =

wnau Wednouazludes Ae Fauaain i uenwddei Touaans 3 alalanaNIRNIS

= o dl
LANLLAANANRNTINN 4.1

A5 4.1 AUANTTANN9LANTB9TIN9A (Energy for Environment Foundation, 2006)

ﬂ’lial.ﬂ‘i’lzﬁl,l,‘l.l‘uﬂizu‘]m Nau 1/\|'1x‘1°fIJ’1'] al.‘iJﬂyﬂEI
AT (%) 12.00 10.00 9.20
N (%) 12.65 10.39 6.10
asszviel L (%) 56.46 60.70 67.80
ANFLAUAIA (%) 18.88 18.90 16.90

N15LATISALLILILEN A

ANFLAU (%) 37.48 38.17 41.60
lalasiai (%) 4.41 5.02 5.08
2ANTLAY (%) 33.27 35.28 37.42
Tulpsiau (%) )3 0.58 0.40
danas (%) 0.04 0.09 0.17
ARETY (%) 0.09 - 0.01
N (%) 12.65 10.39 6.10
mm%u (%) 12.00 10.00 9.20
AMANITRAY

AYTHUULLUIIN (kg/m3) 150 125 100
ANAIINTBUGY (kJ/KQ) 14,755 13,650 16,794

ANAIHFRLAN (kd/kg) 13,5617 12,330 15,479
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A15199N 4.2 AN1IZNTZLIUNITUD AT N AT
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wiaaluansg
(ASPEN name)

anmazuuagl)iinnng

N5 by

DRYING HUNNN = 120 °C nguundifeauuds
(Heater) ANNNAY = 1.05 bar
DECOMP fuuni = 350 °C nuuakalfaesdoulszne
(RYield)
ASHSEP Stream = ASH uuqaﬂﬁﬁamiﬁiﬁmﬂ%ﬁm@ﬂ
(Sep) Substream = NC AnunadaLAgIeit
Comp = ASH, FRAC =1
GASIFIER AANAU = 1.05 bar uﬂqmﬂﬁﬁamiﬁﬁmm
(RGibbs) NITUIUNTRA AT ATUN18 L6
ANAALATNAWUBATZALL
@muqﬁgmﬂﬁ&uuﬂmmm%
AADY
CYCLONE Stream = DRYGAS miqaﬂﬁﬁamiﬁﬁummmm‘i\a
(Sep) Substream = MIXED, ANTLAL an91sznavlulngia
CISOLID arsUlsznavdames Aaesu 1
Comp = C, H,, CO, CO,, | uwazn1faananiiadainszy
CH,, N,, O,, NH,, H,S,
H,0, CL,, S, C,,H,
FRAC=0,1,1,1,1,1,1,
0,0,00,0,0
COOLER BRUNNH = 40 °C

(Heater)

ANAY = 1.05 bar
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AT NN 4.4 TNUATLRUAUDINIUULNER

A9AULLA:

JuiaTiuLAg SGT-800
Am91471ANNALY (Pressure ratio) 20.2

gounn R ng 1400 29ALTAITEA

AINIANAINAULITUINIA QEUUAHN 30 asANLTatauazLAadeLATIZIiaNn
NIzUIUNITRRATAATUNAINALLIIENNA guuN 40 aaAmaTEeaidngiATesdnmany
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(Aspen Tech, 2006) Aagnn1ssa Ul

2CO + 0, — 2CO0, (4.1)
2H, + 0, — 2H,0 (4.2)
CH, + 1.50, — CO + 2H,0 (4.3)
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(Compr) ANNNAY = 31 bar warenIAneudgieiuLig
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COMBUSTOR founni = 1,400 °C q1a89lf)3e Stoichiometric T
(RStoi) ANNNAY = 31 bar FLUUMTIAULAE
Stoi 1 2C0O + O, = 2CO,
Stoi 2 2H, + O, = 2H,0
Stoi 3 CH, + 1.50, = CO
+2H,0
CONV1: CO1
CONV2: H2 1
CONV3: CH4 1
GAS TURBINE Usziny = lamuingtn SaeusesnALfuuLLy
(Compr) ANNNAULNREN = 1 bar ALNEIFIDAN
Use@n5n W = 0.90
HRSG AYNAY = 85.6 bar
(Heater)
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433 wasnulWignsuszilss@ansninaasszuy

WA INA14NE (Net power) Aanasulninldaniwiuuiawaziviuleiilae
wnnaseulnianldluszuneen Aviuufavasiviuletidanassdnamioudjifinag
“COMPR” 14 ASPEN PLUS Gvsiaslddayaresmnuiuaieanuazlss@nsninlaimuingin

Tumdaet§iiRnn93 nsauamnasulningran s Jubaedumnzdng (Mw) Ao

1§MagNn13 (F. Emun et al., 2010)

Net power = GT power + ST power - Auxiliary power (4.4)
Tneim
GT power WANUANEANARLAaA I lAAINNATINTeN U LAA N

o AR AN\, e e
whduazaunldidnld lueresdnanusuaeiaiulia
v 4 o ¥
ST power NasUNeanNIaInieTilenn
Auxiliary power NAIUNLNARINTZLLNNTHAR LU 5.5 MW

U AnBNIMgMEI0s T ULAUTLAIAINTAUEI189819F95U AUanslARINaNNIg (F. Emun

et al., 2010; Th. Damartzis et al., 2012)

Net Power (MW)
% Efficiency = X 100% (4.5)
HHV (kJ/kg) x Feed flowrate (ton/s)
e
HHV AANNFEUGIADATNANIUNNNGRANTUYT N 2an TTNASIN
Funa 1 Alaniu Aueeiluilaqasanianiy (kJ/kg)
Net power WAL U lAngne Dudaenluwnzdng (Mw)

Feed flowrate fARn91N19tIauaNTAIs U Nuaenilususaiuid (ton/s)
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walded tnsasuntasdmnsdqulatinsadioung (Steam to biomass ratio) wazillasiiulag

dnsndauainiAsialaiin (Air to steam ratio) LA lFuanaAsgii 4.3
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0 1 = /77 AN
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dry s 4. UHULALON N
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aniuiuuedasdoulatinsedionaansin 0.75 wWanuuwlasguugluazdnsdou

anasialenn naliuanafsgili 4.4
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4.4 NSNAFDULULANADINTLUIUNNG

1 1 v
a 0% o o K

dl P o dl v d’g b Y a v
wanazdulaladduuuanaesnadauunldlaaseuazgnies deiuaamaaa
LULRIAANNAFNAUNITLNAN1INAAD9 LI UITE RN NFUNTLUAUNTUA AT A LATY wa Y
nagauiuaniItzaiiunisasedniulsellfiandessuaanfeusan aelddeyaniann
[ 9 [ %3

AN1zN19ANHUNI3ATIILTENUUIN TN LT EMA a9 wat AN sniaaiig

129 AR N RN UAN LT UTIN WUASTL

441 NISNAFALLLUANRAINTZTUIUNTBNATNLATY

nszununnsufagiindugnnegstpnugnaesssiutaaesinanFaunauiung
N13MAADITBY Chanchal wazAmy (2011) lusnudasaas Chanchal wazAME (2011) 16
naaaanszuaunnnasnalaglduiadivieefiuungdnladiun Tdunauduansilauuas1d
levnflusneandlad Anwinansynuresgnmgiaeuiadivieafuszdnafleulatiise
FouaaraadAlsrnauresuianani el antaranlunisgniiuuanguuiaes
uwiad vieas 750 avAnmaidas Anmsu 1.05 s dnsdauunan 1 Alaniusedalug na

i o o B . . o v

N13NAAaIN AN FEUNEUALNANITA1A89NTELAUNTUANIAIANTNT 4.6 TaaldrAniads

ARaged (Root Mean Square, RMS) ia1A 8L le LU NNANIINARBIAIANNNGN 4.6

N
ZExperimentj - Model| Z

RMS = || (4.6)
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dl % v @ ! ¥ & = o
nadlfuanalifvinanBunuaesafusuneuen lfuas T Ul uaeLUUA a8
Andananiamaasantias luangiiBuinlalasauiazansueulaesnlafaesuuudnans
genIHanIImMAaes Metiliasanluwuuanasdnszuaung Ugiseuiadninduneqnanna

I ' a o VA '8 o a o 1 I
ANIIN1INAaease N ldlTu A fusunauen laAua TN R UAINGN USunu

lalnsiauuazfiunnanfueulaeenladgendinnannaiaiaesl s

A15197 4.6 ﬂ’]ﬁ‘LlG‘EIlI Lﬁﬁl‘]_lﬂ\l@ﬂq‘j“ﬂ AABNULAYHANIIANARINTZLIUNTUA AT AT

Temperature Experimental Simulation
S/B RMS

(°C) H, (%) | CO (%) | CO, (%)| CH, (%)| H, (%) | CO (%) |CO, (%)| CH, (%)

690 1.32 | 50.50 | 14.30 | 26.60 | 8.60 [ 58.61 | 13.23 | 28.02 0.14 |5.9270

730 132 | 52.20 | 16.40 | 23,50 | 790 | 5821 | 1471 | 27.03 0.05 |5.3168

750 1.00 | 49.50 | 23.70 | 21.20 | 560 | 56.62 | 19.04 | 24.28 0.06 |5.3079

750 132 | 52.30 | 17.75 | 22.25 7.40 57.98 | 1642 | 26.57 0.03 |5.2605

750 170 | 52.90 | 16.40 | 22.90 | 7.80 | 59.04 | 1256 | 28.38 0.01 |5.9820

770 132 | 54.40 | 18.50 | 19.40 7.70 57.75 | 16.11 26.13 0.02 |5.5042
Average 5.5497

442 MESNAFALLULAIAD9L59 I NANINAIUAMNSEUTIN
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JUANINZANTUNTAN T4 IFTaNANIAINANIIENITANIUNTURILFEN LA NI TILTEND

U

FAduinauagaiunisnieai1e InedNaeanIzLaunIIR N AT UNTHANARNIAUAT AN

Vv dl dl % dl o A dl o
791 (Heat & Mass Balance) T9ANZIA9ANANTIA U LATENEARINARE NAINAL 1

-8 a -8

un§ grungi 30 asAalEa wazuiasssuanfgnilandiirsesdnainianacusu 1 ung

Q a

QrUNYH 32 avAnmaliea ivatisANAuu 31 ung wnludludasn ludvesiaiuuian

a = Z’/ 24 dl ¥ 9/ o 1 o o 24 ¥
@mugutmo AIALTGALTEA @WﬂuuLLﬂ@‘Wiﬂ@’mﬂ’]ﬁ‘LN”Ii‘MN@$°1|£I”IﬂmqmﬁuﬂﬁﬁuLLﬂ’&iﬁ
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ieanun Tnagompiluiewnudazidludanvuaguugiaesuisfeunieanainiei

WNA

LLﬁ"@%@umnﬁaﬁuLLﬁ”ngﬂmL%’ﬂﬂ‘ﬁ'izuuﬂmﬁumm%’@mﬁ'@mﬁmi@ﬁw (Heat
Recovery Steam Generator, HRSG) Weuaniasuannusenlsiuinfitlewdnun nanlan
mmﬁuzjﬁﬁl 85.6 UN§ aeunni 565 °C 1@i"iﬁmqqmﬁuz§q@39ﬂdqmﬂﬁﬂﬁqtjﬁuﬁqﬁuiaﬁﬁl,ﬁ@
BAR NN HATBIEN1ZA NN U U I HANNTANA 89N TN TUA NS

FaMNT9N 4.7

AN5I9N 4.7 N9 UgUANIIZARUNITATLALHANIFANADINT LU 199 A

wﬁamumm%‘@uéf;u
Component Simulation Results
NPC Power Plant This Work
GTG (2 No.) output (MW) 89.82 93.11
GT exhaustgas temperature ('C) 569.7 591
STG (1 No.) output (MW) 38.65 35.94
HP steam temperature ('C) 538 565
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o

4. FIANTINIR ARRINTINIA 799,000 susail AT1AFUAY 750  UN

(http://www.eppo.go.th)

5. gnaAntnin 2.8 unsieftadnd (Al guduiuinfnanimenas
Fuaa 2.5 unaniadng sanduA1daNaInTAan13199 WA N9 a 0.3 U msanladms

7 1-7 nsaddndanTasansguaa iaelun)) (http:/www.eppo.go.th)
6. amananidaRiug 8% siall (s1A1LeABAINswIANTUN sz A ne)

AINNNIAEAARALILNUNNTA WD IATIN1T Tae WA WA UA N Fausanann
uwiadamszilaansyuaunisufiaininduaasdonaaannsnaginalisil (eazianly

NIANUIN )

A19719% 5.1 wanauwnunisasulssiiiannuiadansedlaansyuaunisuiadiindu

YBITINIA
yardaqiiugns | .
BRINNANDLLNUUD FTUTAUNY
NARALILNL NPV .
1A39N79 IRR (%) PB (1)
(un)
dmns1maniie 8% 812,693,640.09 13.64% 6.84
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6.1 d9lnan1sa1aa9InsEUIUNg
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Y A o = % Y Aaa o = Y YA I3
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Recovery Steam Generator, HRSG) uwaziiariulein (Steam Turbine) 1udaaillAnsn
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= dl o o d’ld ¥ % Z’/ o a 1%
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6.1.1 HansznUaaIAnilssaasrlsznauniafaLAsIzIi

AINNANI9INARINTZUIBNITANNT04aTL LA9N nslasuutlasaesaniazdniiung
iy goungAuiadinieas ausuuiatiniees Fnilavlatindedanaa (S/B) 8manilau
annAse et (A/S) ARAIUNTITAUTINIANAN NUANTIZNUADANTINULLRILA AT INLea T
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6.1.2 Nansxwummﬁ'fnuﬂsrﬁifaﬂsxawﬁmwLLaz‘lwﬁﬂqummsxuu

AINNANIIANABINTZLIIUNNIANInaTU 1A nslasunlasaesaniazaiiunig
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- - - W 124 ., Y X, 4 do s
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A9199 N.1 HansENLaeseunRuiaTiWee freasAlsynauuiadaassidmiuunay (AN 1.05 114, S/B ratio = 0.75, A/S ratio = 2.0)

600 °C 700 °C 800 °C 900 °C

Temperature Mole Mass Flow Mole Mass Flow Mole Mass Flow Mole Mass Flow

Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr)

H, 0.3036 6,344 0.3002 6,244 0.2870 5,857 0.2750 5,521

CcO 0.0702 20,393 0.0989 28,583 0.1210 34,323 0.1399 39,030

CO, 0.2232 101,840 0.2018 91,632 0.1857 82,751 0.1720 75,365

CH, 0.0062 1,024 0.0003 54 0.0000 4 0.0000 0

N, 0.3968 115,215 0.3987 115,224 0.4063 115,229 0.4131 115,230

Total 1.0000 244,816 1.0000 241,738 1.0000 238,164 1.0000 235,146
LHV (kJ/Nm°) 4,383 4,499 4,623 4,732
HHV (kJ/Nm”) 5,012 5,099 5,197 5,282




M99 N.2 HANTENLIIBIANALLAAT I ae faasAlsynauuiadaaszidmiuunay (Mguugi 900 °C, S/B ratio = 0.75, A/S ratio = 2.0)

5 Bar 10 Bar 15 Bar 20 Bar
Pressure Mole Mass Flow Mole Mass Flow Mole Mass Flow Mole Mass Flow
Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr)
H, 0.2748 5,516 0.2744 5,504 0.2738 5,487 0.2730 5,464
CO 0.1399 39,013 0.1398 38,953 0.1395 38,853 0.1392 38,716
CO, 0.1720 75,369 0.1722 75,388 0.1724 75,423 01727 75,473
CH, 0.0001 9 0.0002 36 0.0005 81 0.0009 141
N, 0.4132 115,223 0.4134 115,213 0.4137 115,203 0.4142 115,193
Total 1.0000 235,129 1.0000 235,095 1.0000 235,047 1.0000 234,987
LHV (kJ/Nm°) 4,732 4,732 4,732 4,733
HHV (kJ/Nm”) 5,282 5,282 5,282 5,283
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AN519% n.3 HansnuIassnstlanletnfedauianaedflsynauliadanszFduiuLnau (

97

Pgouugi 900 °C, ANAY 1.05 1%, A/S ratio = 2.0)

1.00 1.25 1.50 1.75 2.00
Steam to Biomass Mole Mass Mole Mass Mole Mass Mole Mass Mole Mass
Ratio Fraction Flow Fraction Flow Fraction Flow Fraction Flow Fraction Flow
(kg/hr) (kg/hr) (kg/hr) (kg/hr) (kg/hr)
H, 0.2163 4,778 | 0.1628 3,903 | 0.1137 2,929 | 0.0685 1,882 | 0.0266 776
CcO 0.0944 28,963 | 0.0623 20,740 | 0.0388 13,875 | 0.0211 8,045 | 0.0075 3,024
CO, 0.1891 91,183 | 0.1989 104,103 | 0.2043 114,890 | 0.2068 124,050 | 0.2075 131,939
CH, 0.0000 0| 0.0000 0| 0.0000 0| 0.0000 0| 0.0000 0
N, 0.5003 153,685 | 0.5761 191,940 | 0.6433 230,294 | 0.7036 268,649 | 0.7584 307,003
Total 1.0000 278,509 | 1.0000 320,686 | 1.0000 361,989 | 1.0000 402,626 | 1.0000 442,742
LHV (kJ/Nma) 3,523 2,541 1,716 1,005 382
HHV (kJ/Nm3) 3,956 2,867 1,943 1,141 435




AN519% N.4 HANTENLIANERITIauaNIARe latnAaaeAts e uLAaEIATZFAMFLLNAL (

98

NgnuugH 900 °C, ANAL 1.05 115, S/B ratio = 0.75)

0.00 0.50 1.00 1.50 2.00
Air to Steam Ratio Mole Mass Mole Mass Mole Mass Mole Mass Mole Mass
Fraction Flow Fraction Flow Fraction Flow Fraction Flow Fraction Flow
(kg/hr) (kg/hr) (kg/hr) (kg/hr) (kg/hr)
H, 0.5777 8,581 0.4834 7,808 | 0.4033 7,039 | 0.3346 6,277 | 0.2750 5,521
CO 0.2792 57,627 | 0.2366 53,105 | 0.2000 48,499 | 0.1681 43,807 | 0.1399 39,030
CO, 0.1422 46,128 | 0.1510 53,242 | 0.1587 60,484 | 0.1657 67,858 | 0.1720 75,365
CH, 0.0001 71 0.0000 3| 0.0000 2| 0.0000 1 0.0000 0
N, 0.0008 170 | 0.1289 28,933 | 0.2379 57,699 | 0.3317 86,464 | 0.4131 115,230
Total 1.0000 112,513 | 1.0000 143,092 | 1.0000 173,723 | 1.0000 204,408 | 1.0000 235,146
LHV (kJ/NmS) 9,755 8,201 6,874 5,729 4,732
HHV (kJ/Nm”) 10,912 9,168 7,682 6,399 5,282




AN519N N.5 HANTENLUBIANIITANRUNITAANTNAR T F1FLLNAL

Operating Syngas Air to GT FG Comp Air Comp | GT Power | ST Power | Auxiliary Net Power | Efficiency
Conditions Flow (kg/hr) (MW) (MW) (MW) (MW) (MW) (MW) (%)
(kg/hr)

Temp =600 °C 244,816 717,129 54.10 133.60 278.49 34.39 5.50 119.67 29.20%
Temp =700 °C 241,738 727,775 54.13 135.59 279.82 34.52 5.50 119.12 29.06%
Temp =800 °C 238,164 728,142 53.29 135.66 278.14 34.25 5.50 117.95 28.78%
Temp =900 °C 235,146 727,991 52.56 135.63 276.60 34.01 5.50 116.93 28.53%
Pressure = 5 Bar 235,129 727,747 52.54 135.58 276.53 34.00 5.50 116.90 28.52%
Pressure = 10 Bar 235,095 727,260 52.51 135.49 276.37 33.99 5.50 116.86 28.51%
Pressure = 15 Bar 235,047 726,583 52.46 135.37 276.16 33.96 5.50 116.80 28.50%
Pressure = 20 Bar 234,987 725,727 52.39 (015 275.90 33.93 5.50 116.73 28.48%
S/B=1.00 278,509 599,912 57.64 11177 251.31 31.14 5.50 107.55 26.24%
S/B=1.25 320,686 471,744 62.42 87.89 225.39 28.17 5.50 97.76 23.85%
S/B=1.50 361,989 343,510 67.00 64.00 199.03 25.14 5.50 87.67 21.39%
S/B=1.75 402,626 215,226 71.41 40.10 172.31 22.05 5.50 77.35 18.87%
S/B=2.00 442,742 86,901 75.69 16.19 145.31 18.92 5.50 66.85 16.31%
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AN519% N.5 HANTENLIANEN192AHLNNTABNTUAR INANGMFLLNAY (5i8)

100

Operating Syngas Air to GT FG Comp Air Comp | GT Power | ST Power | Auxiliary Net Power | Efficiency
Conditions Flow (kg/hr) (MW) (MW) (MW) (MW) (MW) (MW) (%)
(kg/hr)
A/S = 0.00 112,513 | 1,112,776 39.16 207.32 356.34 43.23 5.50 147.60 36.01%
A/S = 0.50 143,092 | 1,016,564 42.49 189.39 336.36 40.92 5.50 139.90 34.13%
A/S =1.00 173,723 920,371 45.83 171.47 316.42 38.61 5.50 132.23 32.26%
A/S = 1.50 204,408 824,180 49.19 153.55 296.50 36.31 5.50 124.57 30.39%
A/S =2.00 235,146 727,991 52.56 135.63 276.60 34.01 5.50 116.93 28.53%




A919% 1.6 HANTENLAIBIRUNRUAaT IWee fiaasAlsynauuiadaasizifdimiuvngdg (A 1.05 1S, S/B ratio = 0.75, A/S ratio = 2.0)

600 °C 700 °C 800 °C 900 °C

Temperature Mole Mass Flow Mole Mass Flow Mole Mass Flow Mole Mass Flow

Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr)

H, 0.3135 6,734 0.3124 6,701 0.2994 6,301 0.2876 5,952

CcO 0.0736 21,963 0.1039 30,948 0.1264 36,970 0.1456 41,861

CO, 0.2179 102,193 0.1952 91,415 0.1787 82,132 0.1648 74,460

CH, 0.0075 1,287 0.0004 70 0.0000 5 0.0000 1

N, 0.3874 115,643 0.3881 115,654 0.3954 115,658 0.4021 115,660

Total 1.0000 247,820 1.0000 244,788 1.0000 241,066 1.0000 237,933
LHV (kJ/Nm°) 4,581 4,696 4,825 4,938
HHV (kJ/Nm®) 5,235 5,321 5,424 5,514




AN919 N.7 HANTENLIIBIANALLAAT I ae faasAlsznauuiadamszidmiunngdng (Mgoumgi 900 °C, S/B ratio = 0.75, A/S ratio = 2.0)

102

5 Bar 10 Bar 15 Bar 20 Bar
Pressure Mole Mass Flow Mole Mass Flow Mole Mass Flow Mole Mass Flow
Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr)
H, 0.2874 5,946 0.2869 5,932 0.2861 5,910 0.2852 5,881
CO 0.1455 41,837 0.1453 41,759 0.1451 41,629 0.1446 41,452
CO, 0.1648 74,466 0.1650 74,493 0.1653 74,539 0.1657 74,603
CH, 0.0001 12 0.0003 47 0.0006 104 0.0011 183
N, 0.4022 115,652 0.4025 115,641 0.4029 115,630 0.4034 115,619
Total 1.0000 237,913 1.0000 237,871 1.0000 237,812 1.0000 237,737
LHV (kJ/Nm°) 4,938 4,938 4,939 4,940
HHV (kJ/Nm®) 5,514 5,514 5,514 5,516




AN519% N.8 HansnuIassnItlanletnfedauiafaadRlsyna Ui adATz i dmFunIadng (

103

figaungf 900 °C, ANAY 1.05 LS, A/S ratio = 2.0)

1.00 1.25 1.50 1.75 2.00
Steam to Biomass Mole Mass Mole Mass Mole Mass Mole Mass Mole Mass
Ratio Fraction Flow Fraction Flow Fraction Flow Fraction Flow Fraction Flow
(kg/hr) (kg/hr) (kg/hr) (kg/hr) (kg/hr)
H, 0.2298 5,222 | 0.1770 4,360 | 0.1286 3,399 | 0.0840 2,364 | 0.0426 1,270
CcO 0.1001 31,620 | 0.0678 23,216 | 0.0440 16,172 | 0.0260 10,171 | 0.0120 4,989
CO, 0.1825 90,550 | 0.1930 103,756 | 0.1990 114,823 | 0.2022 124,252 | 0.2034 132,394
CH, 0.0000 0| 0.0000 0| 0.0000 0| 0.0000 0| 0.0000 0
N, 0.4876 154,015 | 0.5621 192,369 | 0.6283 230,724 | 0.6878 269,079 | 0.7420 307,433
Total 1.0000 281,408 | 1.0000 323,700 | 1.0000 365,118 | 1.0000 405,866 | 1.0000 446,085
LHV (kJ/Nm’) 3,742 2,766 1,943 1,234 611
HHV (kJ/Nma) 4,201 3,119 2,200 1,402 696




AN519% N.9 HANTENLIANERITlauaNIARe latnAaeeRls e uLAdELATIZ R MFUNIa919 (

104

PgnungH 900 °C, ANAL 1.05 1%, S/B ratio = 0.75)

0.00 0.50 1.00 1.50 2.00
Air to Steam Ratio Mole Mass Mole Mass Mole Mass Mole Mass Mole Mass
Fraction Flow Fraction Flow Fraction Flow Fraction Flow Fraction Flow
(kg/hr) (kg/hr) (kg/hr) (kg/hr) (kg/hr)
H, 0.5825 9,021 0.4913 8,245 0.4134 7,475 0.3461 6,711 0.2876 5,952
CO 0.2804 60,343 | 0.2395 55,847 | 0.2041 51,268 | 0.1730 46,606 | 0.1456 41,861
CO, 0.1343 45,400 | 0.1432 52,475 | 0.1512 59,675 | 0.1583 67,003 | 0.1648 74,460
CH, 0.0001 8| 0.0000 4 | 0.0000 2| 0.0000 1 0.0000 1
N, 0.0028 600 | 0.1259 29,363 | 0.2313 58,129 | 0.3225 86,894 | 0.4021 115,660
Total 1.0000 115,371 1.0000 145,934 | 1.0000 176,549 | 1.0000 207,215 | 1.0000 237,933
LHV (kJ/Nm3) 9,823 8,322 7,034 5916 4,938
HHV (kJ/Nm®) 10,989 9,306 7,862 6,609 5,514
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Operating Syngas Air to GT FG Comp Air Comp GT Power | ST Power Auxiliary Net Power Efficiency
Conditions Flow (kg/hr) (MW) (MW) (MW) (MW) (MW) (MW) (%)
(kg/hr)

Temp =600 °C 247,820 769,750 55.65 143.41 295.00 36.31 5.50 126.76 33.43%
Temp =700 °C 244,788 783,137 55.89 145.90 297.09 36.54 5.50 126.34 33.32%
Temp =800 °C 241,066 783,666 55.04 146.00 295.38 36.27 5.50 125.12 33.00%
Temp =900 °C 237,933 783,521 54.28 145.97 293.79 36.03 5.50 124.06 32.72%
Pressure = 5 Bar 237,913 783,233 54.26 145.92 293.69 36.01 5.50 124.03 32.71%
Pressure = 10 Bar 237,871 782,639 54.21 145.81 293.51 35.99 5.50 123.98 32.70%
Pressure = 15 Bar 237,812 781,799 54.15 145.65 293.25 35.96 5.50 123.91 32.68%
Pressure = 20 Bar 237,737 780,732 54.06 145.45 292.92 35.92 5.50 123.82 32.66%
S/B=1.00 281,408 655,452 59.38 122.11 268.55 33.16 5.50 114.72 30.26%
S/B=1.25 323,700 527,293 64.19 98.24 242.70 30.20 5.50 104.97 27.68%
S/B=1.50 365,118 399,068 68.80 74.35 216.39 2717 5.50 94.92 25.03%
S/B=1.75 405,866 270,792 73.23 50.45 189.73 24.09 5.50 84.64 22.32%
S/B=2.00 446,085 142,476 77.54 26.54 162.80 20.97 5.50 74.18 19.56%
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Operating Syngas Air to GT FG Comp Air Comp GT Power | ST Power Auxiliary Net Power Efficiency
Conditions Flow (kg/hr) (MW) (MW) (MW) (MW) (MW) (MW) (%)
(kg/hr)
A/S = 0.00 115,371 1,168,300 40.90 217.66 373.55 45.25 5.50 154.75 40.81%
A/S = 0.50 145,934 | 1,072,094 44.22 199.74 353.57 42.94 5.50 147.05 38.78%
A/S =1.00 176,549 975,902 47.56 181.82 333.62 40.63 5.50 139.37 36.76%
A/S = 1.50 207,215 879,711 50.91 163.89 313.69 38.32 5.50 131.71 34.74%
A/S =2.00 237,933 783,521 54.28 145.97 293.79 36.03 5.50 124.06 32.72%
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A9199 N.11 HaNTENLIDIgIN) Lt inasraasslssnauuiadaunszdidmiuludes (MAuAU 1.05 1S, S/B ratio = 0.75, A/S ratio = 2.0)

600 °C 700 °C 800 °C 900 °C

Temperature Mole Mass Flow Mole Mass Flow Mole Mass Flow Mole Mass Flow

Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr)

H, 0.3174 7,098 0.3205 7,200 0.3075 6,778 0.2955 6,405

CcO 0.0831 25,817 0.1173 36,606 0.1410 43,183 0.1608 48,419

CO, 0.2177 106,280 0.1919 94,112 0.1746 84,049 0.1603 75,840

CH, 0.0104 1,850 0.0006 106 0.0000 7 0.0000 1

N, 0.3715 115,442 0.3698 115,453 0.3769 115,458 0.3834 115,460

Total 1.0000 256,487 1.0000 253,478 1.0000 249,476 1.0000 246,125
LHV (kJ/Nm°) 4,846 4,958 5,097 5,216
HHV (kJ/Nm®) 5,519 5,601 5,712 5,808
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A9199 N.12 HANTENLABIANNAULTAT WieasiaasAlsenauufadunszidniuludes (Mgoumgi 900 °C, S/B ratio = 0.75, A/S ratio = 2.0)

5 Bar 10 Bar 15 Bar 20 Bar
Pressure Mole Mass Flow Mole Mass Flow Mole Mass Flow Mole Mass Flow
Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr)

H, 0.2953 6,397 0.2947 6,377 0.2937 6,347 0.2924 6,307

CcO 0.1607 48,382 0.1605 48,263 0.1601 48,067 0.1595 47,803

CO, 0.1604 75,853 0.1606 75,900 0.1610 75,978 0.1616 76,085

CH, 0.0001 17 0.0004 69 0.0009 152 0.0015 265

N, 0.3835 115,451 0.3838 115,439 0.3843 115,427 0.3850 115,416

Total 1.0000 246,101 1.0000 246,048 1.0000 245,972 1.0000 245,876
LHV (kJ/Nm°) 5,216 5,217 5,219 5,221
HHV (kJ/Nm®) 5,808 5,809 5,810 5,813
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1.00 1.25 1.50 2.00
Steam to Mole Mass Mole Mass Mole Mass Mole Mass Mole Mass
Biomass Ratio | Fraction Flow Fraction Flow Fraction Flow Fraction Flow Fraction Flow
(kg/hr) (kg/hr) (kg/hr) (kg/hr) (kg/hr)
H, 0.2414 5,735 0.1916 4,925 0.1455 4,011 0.1029 3,016 0.0631 1,958
CcO 0.1131 37,338 0.0789 28,206 0.0536 20,526 0.0343 13,962 0.0192 8,279
CO, 0.1798 93,252 0.1917 107,601 0.1989 119,669 0.2030 129,982 0.2051 138,911
CH, 0.0000 0 0.0000 0 0.0000 0 0.0000 0 0.0000 0
N, 0.4658 153,815 0.5378 192,169 0.6020 230,524 0.6598 268,878 0.7126 07,233
Total 1.0000 290,141 1.0000 332,902 1.0000 374,730 1.0000 415,838 1.0000 456,380
LHV (kJ/NmS) 4,030 3,062 2,246 1,542 923
HHV (kJ/NmS) 4,513 3,445 2,537 1,747 1,049
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Pgnungi 900 °C, AN 1.05 1%, S/B ratio = 0.75)

0.00 0.50 1.00 1.50 2.00
Air to Steam Mole Mass Mole Mass Mole Mass Mole Mass Mole Mass
Ratio Fraction Flow Fraction Flow Fraction Flow Fraction Flow Fraction Flow
(kg/hr) (kg/hr) (kg/hr) (kg/hr) (kg/hr)
H, 0.5739 9,411 | 0.4885 8,651 | 0.4151 7,897 | 0.3513 7,148 | 0.2955 6,405
CcO 0.2974 67,760 | 0.2562 63,051 | 0.2204 58,257 | 0.1888 53,379 | 0.1608 48,419
CO, 0.1269 45,425 | 0.1367 52,839 | 0.1454 60,378 | 0.1532 68,045 | 0.1603 75,840
CH, 0.0001 10 | 0.0000 5| 0.0000 3| 0.0000 1| 0.0000 1
N, 0.0018 400 | 0.1185 29,163 | 0.2191 57,928 | 0.3066 86,694 | 0.3834 15,460
Total 1.0000 123,006 | 1.0000 153,709 | 1.0000 184,463 | 1.0000 215,268 | 1.0000 246,125
LHV (kJ/Nm’) 9,945 8,503 7,258 6,172 5,216
HHV (kJ/Nma) 11,094 9,482 8,090 6,876 5,808
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Operating Syngas Air to GT FG Comp Air Comp GT Power | ST Power Auxiliary Net Power Efficiency
Conditions Flow (kg/hr) (MW) (MW) (MW) (MW) (MW) (MW) (%)
(kg/hr)

Temp =600 °C 256,487 844,285 57.91 167.29 319.00 39.23 5.50 137.53 29.48%
Temp =700 °C 253,478 863,488 58.59 160.87 322.67 39.67 5.50 137.37 29.45%
Temp =800 °C 249,476 864,375 57.69 161.04 320.92 39.39 5.50 136.07 29.17%
Temp =900 °C 246,125 864,241 56.88 161.01 319.22 39.12 5.50 134.94 28.93%
Pressure = 5 Bar 246,101 863,880 56.86 160.95 319.10 39.11 5.50 134.91 28.92%
Pressure = 10 Bar 246,048 863,087 56.80 160.80 318.86 39.08 5.50 134.84 28.90%
Pressure = 15 Bar 245,972 861,942 56.70 160.58 318.51 39.03 5.50 134.75 28.89%
Pressure = 20 Bar 245,876 860,479 56.58 160.31 318.06 38.98 5.50 134.64 28.86%
S/B=1.00 290,141 736,213 62.12 137.16 294.26 36.30 5.50 125.78 26.96%
S/B=1.25 332,902 608,089 67.05 113.29 268.65 33.38 5.50 116.19 24.91%
S/B=1.50 374,730 479,894 71.75 89.41 242.55 30.39 5.50 106.29 22.78%
S/B=1.75 415,838 351,646 76.28 65.51 216.09 27.33 5.50 96.13 20.61%
S/B=2.00 456,380 223,354 80.66 41.61 189.32 24.24 5.50 85.78 18.39%
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Operating Syngas Air to GT FG Comp Air Comp GT Power | ST Power Auxiliary Net Power Efficiency
Conditions Flow (kg/hr) (MW) (MW) (MW) (MW) (MW) (MW) (%)
(kg/hr)
A/S = 0.00 123,006 | 1,248,960 43.37 232.69 398.69 48.30 5.50 165.44 35.46%
A/S = 0.50 163,709 | 1,152,773 46.73 214.77 378.78 46.00 5.50 157.79 33.82%
A/S =1.00 184,463 | 1,056,597 50.10 196.85 358.90 43.70 5.50 150.16 32.19%
A/S = 1.50 215,268 960,419 53.48 178.93 339.05 41.41 5.50 142.54 30.56%
A/S =2.00 246,125 864,241 56.88 161.01 319.22 39.12 5.50 134.94 28.93%




AN519% N.16 HANTLNLINFARIUNITaUTINIANANFDBIALTzNaLLAEAILATIEY (B = Tudas, S = Wnedn)

1
a

(ﬁ@qmmu 900 °C, A2INALY 1.05 LS, S/B ratio = 0.75, A/S ratio = 2.0)

B80 : S20 B60 : S40 B40 : S60 B20 : S80
Mixed Biomass Mole Mass Flow Mole Mass Flow Mole Mass Flow Mole Mass Flow
Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr) Fraction (kg/hr)
H, 0.2944 6,327 0.2931 6,242 0.2918 6,159 0.2904 6,075
CO 0.1578 47,118 0.1547 45,792 0.1517 44,497 0.1487 43,213
CO, 0.1610 75,535 0.1618 75,250 0.1626 74,927 0.1633 74,585
CH, 0.0000 1 0.0000 1 0.0000 1 0.0000 1
N, 0.3869 115,582 0.3904 115,532 0.3940 115,568 0.3976 115,604
Total 1.0000 244,564 1.0000 42,816 1.0000 241,151 1.0000 239,478
LHV (kJ/Nm°) 5,165 5,113 5,061 5,008
HHV (kJ/Nm®) 5,755 5,700 5,645 5,589

113



114

AN9199 N.17 HANTENLUDIANEANTUNTAaN1TUAR AN A uFLTaNaanan (grungi 900 °C, AauAL 1.05 1S, S/B ratio = 0.75, A/S ratio = 2.0)

Syngas Air to GT FG Comp Air Comp GT Power | ST Power Auxiliary Net Power | Efficiency
Mixed Biomass Flow (kg/hr) (MW) (MW) (MW) (MW) (MW) (MW) (%)
(kg/hr)
B80 : S20 244,564 849,320 56.38 158.23 314.49 38.54 5.50 132.92 28.12%
B60 : S40 242,816 833,508 55.88 165.29 309.51 37.94 5.50 130.78 28.00%
B40 : S60 241,151 818,141 55.38 1562.42 304.66 37.34 5.50 128.70 27.90%
B20 : S80 239,478 802,773 54.88 149.56 299.80 36.75 5.50 126.61 27.79%
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Net Output (kWh) 996,000,000 983,052,000 978,632,000 974,212,000 969,792,000 965,372,000 960,952,000 956,532,000 952,112,000 947,692,000 943,272,000 938,852,000
Tariff (THB/kWh) 2.8000 2.8000 2.8000 2.8000 2.8000 2.8000 2.8000 2.5000 2.5000 2.5000 2.5000 2.5000
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12
Electricity Sales 2,788,800,000 [ 2,752,545,600 | 2,740,169,600 | 2,727,793,600 | 2,715,417,600 | 2,703,041,600 | 2,690,665,600 | 2,391,330,000 | 2,380,280,000 | 2,369,230,000 [ 2,358,180,000 [ 2,347,130,000
Depreciation 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280
Cost of Sales 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280
Gross Profit 2,475,474,720 | 2,439,220,320 | 2,426,844,320 | 2,414,468,320 | 2,402,092,320 | 2,389,716,320 | 2,377,340,320 | 2,078,004,720 | 2,066,954,720 | 2,055,904,720 | 2,044,854,720 | 2,033,804,720
Biomass 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000
Depreciation 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280
CSR and regulatory permit 23,881,500 750,000 750,000 750,000 750,000 750,000 750,000 750,000 750,000 750,000 750,000 750,000
S,G&A 25,473,600 864,000 933,120 1,007,770 1,088,391 1,175,462 1,269,499 1,371,059 1,480,744 1,599,204 1,727,140 1,865,311
Maintenance-Escalation 95,526,000 3,240,000 3,499,200 3,779,136 4,081,467 4,407,984 4,760,623 5,141,473 5,552,791 5,997,014 6,476,775 6,994,917
Maintenance-Fixed 95,526,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000
Utilities 28,430,399 964,287 1,041,430 1,124,745 1,214,724 1,311,902 1,416,854 1,530,202 1,652,619 1,784,828 1,927,614 2,081,824
2 year spare parts (spare inventory) 16,717,050 525,000 525,000 525,000 525,000 525,000 525,000 525,000 525,000 525,000 525,000 525,000
Insurance 78,331,320 2,361,600 2,263,200 2,164,800 2,066,400 1,968,000 1,869,600 1,771,200 1,672,800 1,574,400 1,476,000 1,377,600
Total Operating Costs 1,276,611,149 924,430,167 924,737,230 925,076,730 925,451,262 925,863,629 926,316,857 926,814,215 927,359,233 927,955,726 928,607,809 929,319,932
Earning Before Interest & Tax 1,198,863,571 | 1,514,790,153 | 1,502,107,090 | 1,489,391,590 | 1,476,641,058 | 1,463,852,691 | 1,451,023,463 | 1,151,190,505 | 1,139,595,487 | 1,127,948,994 | 1,116,246,911 | 1,104,484,788
Interest Expenses 469,987,920 422,989,128 375,990,336 328,991,544 281,992,752 234,993,960 187,995,168 140,996,376 93,997,584 46,998,792 0 0
Earning Before Tax 728,875,651 | 1,091,801,025 | 1,126,116,754 | 1,160,400,046 | 1,194,648,306 [ 1,228,858,731 | 1,263,028,295 | 1,010,194,129 | 1,045,597,903 | 1,080,950,202 [ 1,116,246,911 | 1,104,484,788
Corporate Income tax 25% 182,218,913 272,950,256 281,529,188 290,100,011 298,662,076 307,214,683 315,757,074 252,548,532 261,399,476 270,237,551 279,061,728 276,121,197
Net Profit 546,656,738 818,850,769 844,587,565 870,300,034 895,986,229 921,644,048 947,271,222 757,645,597 784,198,427 810,712,652 837,185,183 828,363,591
Net Profit - Repayment Loan (40,828,162)| 231,365,869 257,102,665 282,815,134 308,501,329 334,159,148 359,786,322 170,160,697 196,713,527 223,227,752 837,185,183 828,363,591
Net Profit+Depreciation 859,982,018 | 1,132,176,049 | 1,157,912,845 | 1,183,625,314 | 1,209,311,509 | 1,234,969,328 | 1,260,596,502 | 1,070,970,877 | 1,097,523,707 | 1,124,037,932 | 1,150,510,463 | 1,141,688,871
Total Project Cost (7,380,000,000) 859,982,018 | 1,132,176,049 | 1,157,912,845 | 1,183,625,314 | 1,209,311,509 | 1,234,969,328 | 1,260,596,502 | 1,070,970,877 | 1,097,523,707 | 1,124,037,932 [ 1,150,510,463 | 1,141,688,871
Total Project Cost Accumulation (6,973,149,982)] (5,840,973,933)| (4,683,061,087)| (3,499,435,773)| (2,290,124,264)| (1,055,154,935) 205,441,566 | 1,276,412,443 | 2,373,936,150 | 3,497,974,082 | 4,648,484,545 | 5,790,173,416
1.00| 1.00 1.00| 1.00 1.00| 1.00 0.00] 0.00] 0.00 0.00] 0.00 0.00]
0.00] 0.00] 0.00] 0.00] 0.00] 0.84] 0.00] 0.00] 0.00 0.00] 0.00 0.00]
Project IRR 13.64%
Payback Period (yr) 6.84
NPV 12%| 812,693,640.09
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Net Output (kWh) 934,432,000 930,012,000 925,592,000 921,172,000 916,752,000 912,332,000 907,912,000 903,492,000 899,072,000 894,652,000 890,232,000 885,812,000 881,392,000
Tariff (THB/kWh) 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000
Y13 Y14 Y15 Y16 Y17 Y18 Y19 Y20 Y21 Y22 Y23 Y24 Y25
Electricity Sales 2,336,080,000 | 2,325,030,000 | 2,313,980,000 | 2,302,930,000 | 2,291,880,000 | 2,280,830,000 | 2,269,780,000 | 2,258,730,000 2,247,680,000 |  2,236,630,000 2,225,580,000 2,214,530,000 2,203,480,000
Depreciation 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280
Cost of Sales 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280
Gross Profit 2,022,754,720 | 2,011,704,720 | 2,000,654,720 | 1,989,604,720 | 1,978,554,720 | 1,967,504,720 | 1,956,454,720 | 1,945,404,720 | 1,934,354,720 | 1,923,304,720 | 1,912,254,720 | 1,901,204,720 | 1,890,154,720
Biomass 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000 599,400,000
Depreciation 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280 313,325,280
CSR and regulatory permit 750,000 750,000 750,000 750,000 750,000 750,000 750,000 750,000 750,000 750,000 750,000 750,000 750,000
S,G&A 2,014,536 2,175,699 2,349,755 2,537,735 2,740,754 2,960,014 3,196,816 3,452,561 3,728,766 4,027,067 4,349,232 4,697,171 5,072,945
Maintenance-Escalation 7,554,510 8,158,871 8,811,581 9,516,507 10,277,828 11,100,054 11,988,058 12,947,103 13,982,871 15,101,501 16,309,621 17,614,391 19,023,542
Maintenance-Fixed 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000
Utilities 2,248,369 2,428,239 2,622,498 2,832,298 3,058,882 3,303,592 3,567,880 3,853,310 4,161,575 4,494,501 4,854,061 5,242,386 5,661,777
2 year spare parts (spare inventory) 525,000 525,000 525,000 525,000 525,000 525,000 525,000 525,000 525,000 525,000 525,000 525,000 525,000
Insurance 1,279,200 1,180,800 1,082,400 984,000 885,600 787,200 688,800 590,400 492,000 393,600 295,200 196,800 98,400
Total Operating Costs 930,096,896 930,943,889 931,866,514 932,870,821 933,963,344 935,151,141 936,441,834 937,843,654 939,365,492 941,016,949 942,808,395 944,751,028 946,856,944
Earning Before Interest & Tax 1,092,657,824 | 1,080,760,831 | 1,068,788,206 | 1,056,733,899 | 1,044,591,376 | 1,032,353,579 | 1,020,012,886 | 1,007,561,066 994,989,228 982,287,771 969,446,325 956,453,692 943,297,776
Interest Expenses 0 0 0 0 0 0 0 0 0 0 0 0 0
Earning Before Tax 1,092,657,824 | 1,080,760,831 | 1,068,788,206 | 1,056,733,899 | 1,044,591,376 | 1,032,353,579 | 1,020,012,886 | 1,007,561,066 994,989,228 982,287,771 969,446,325 956,453,692 943,297,776
Corporate Income tax 25% 273,164,456 270,190,208 267,197,052 264,183,475 261,147,844 258,088,395 255,003,222 251,890,266 248,747,307 245,571,943 242,361,581 239,113,423 235,824,444
Net Profit 819,493,368 810,570,623 801,591,155 792,550,425 783,443,532 774,265,184 765,009,665 755,670,799 746,241,921 736,715,828 727,084,744 717,340,269 707,473,332
Net Profit - Repayment Loan 819,493,368 810,570,623 801,591,155 792,550,425 783,443,532 774,265,184 765,009,665 755,670,799 746,241,921 736,715,828 727,084,744 717,340,269 707,473,332
Net Profit+Depreciation 1,132,818,648 | 1,123,895,903 | 1,114,916,435 | 1,105,875,705 | 1,096,768,812 | 1,087,590,464 | 1,078,334,945 | 1,068,996,079 1,059,567,201 1,050,041,108 1,040,410,024 1,030,665,549 1,020,798,612
Total Project Cost (7,380,000,000)| 1,132,818,648 | 1,123,895,903 | 1,114,916,435 | 1,105,875,705 | 1,096,768,812 | 1,087,590,464 | 1,078,334,945 | 1,068,996,079 1,059,567,201 1,050,041,108 1,040,410,024 1,030,665,549 1,020,798,612
Total Project Cost Accumulation 6,922,992,064 | 8,046,887,967 | 9,161,804,402 |10,267,680,106 | 11,364,448,919 |12,452,039,383 |13,530,374,327 |14,599,370,407 | 15,658,937,608 | 16,708,978,716 | 17,749,388,740 | 18,780,054,289 | 19,800,852,901
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00] 0.00 0.00} 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00] 0.00 0.00} 0.00
Project IRR
Payback Period (yr)
NPV 12%
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