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2.1 Process flow diagram (PFD)

LHUAMA5IMaYDINTEUIUNNT (PFD) wansd ey adeyaniaimnssuadisny
dmsuniseanuuunszuruniamaed Tasluwsunimazdsenevludegunsalfiddnvianualy
NSPUIUNMTITUARIULMHUA NS DS UIvegUnIal gUnsaludastuazimsrmuavaneiay
gUnTnilamzunzdofidemIuning NTTuaTINIFUILNITIMNATEYNLARILAY TEUABAILAY M3
fvusnelasYeInIzuaazimunnd1elurn vuasa malunsdiinssuagnuenans Tvifmun
mnglaensiinszuatosnou lnssoazifunvesnszuauazesdusznaunianil azuandlagnsiuy
PFD wi3o Taoeflusnsnsasy Stream No. Al Tasfi Utility stream siavandisnelvifugunsalndnii
flsddunszuiunisazguans ndeudunisinavesnseualudagunsaleing o weldamisanaim
nszuaumslddetu Tnsnsidou PRD (Huedesdiefianunsavinliidrlanmauresnssuiunisld

& a &£
IMLIININYIVU

[

198n15W8U PFD 9941A59n158 wuadu 3 nsaifnen fadl

nsalfinu 1: nsﬂiﬁnmﬁugﬂu (Base Case) Usgnounie Anaerobic digestion (Area 100), Water
scrubbing (Area 200), CBG process (Area 300), CHP Process (Area 400), Reuse water (Area 500)

waz Urea fertilizer (Area 600) é’fﬂLLamﬂugUﬁ 3, 69

ASEANEY 2: NSETAANITHEMUNIUDATIUA I8 (Methanol Co-production) Usznausie
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digestion (Area 100), Water scrubbing (Area 200), CBG process (Area 300), CHP Process (Area
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2.2 Preliminary plot plan
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Cv-101 Cv-102 M-101 M-102 E-101 E-102 R-101 R-102 F-101 E-103 E-104 D-101 F-101 CV-103
Screw Screw Mixer Mixer Heat Heat Digestion Digestion Filter Heat Heat Dryer Compressor Screw
Biomass Cassava biomass biomass exchanger exchanger Tank Tank exchanger exchanger Fertilizer
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LPSTM20UT
r4:]>— TODIESEL/
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M-101 :
BIOMASS r101 55—
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- E-102
CASSAVA M-102 m
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g‘i.hﬁ 6 Process Flow Diagram of Digestion process (Area 100)
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C-201 E-201 C-202 E-202 E-203 TW-201 V-201 E-204 V-202 T-201 E-205 E-206 P-201 E-207 V-203 V-204 E-208 V-205
Compressor Heat Compressor Heat Heat Absorbtion Flash Heat Stripping Turbine Cooler Heat Water Heat Flash H2S Heat Flash
exchanger exchanger exchanger tower vessel exchanger tower heater exchanger pump exchanger vessel Seperator exchanger vessel
V-206 C-203 E-209 C-204 E-210 C-205 E-211 C-206 E-212 C-207 E-213 C-208 E-214
NH3 Compressor Heat Compressor Heat Compressor Heat Compressor Heat Compressor Cooler Compressor Heat
Seperator exchanger exchanger exchanger exchanger heater exchanger
NH3

RAWBIOGAS/

TOWATERS MAKEUP
WATER

E-206 E-205 V-206

BIO GAS WSCRUB2

WSCRUB1

CO2 EOR

C-203 E-209 C-204 E-210 C-205 E-211 C-206 E-212 C-207

— c-208 E-214
——Y === === - WORK 2

;51]17; 7 Process Flow Diagram of Water scrubbing process (Area 200)

CO2TOUREA



12

C--301 E-301 C-302 E-302 C-303 E-303 H-401 T-401 P-401 E-401 E-402 E-403 H-402 CHP-401 CHP-402
Compressor Heat Compressor Heat Compressor Heat Heater Turbine Pump Heat Heat Heat Heater Combined Combined
exchanger exchanger exchanger exchanger exchanger exchanger Heat and Heat and

Power Power

AREA300

C-301 E-301 C-302 E-302 C-303 E-303
AREA400

BIO GAS

HPSTM1

o WATER [~~~ STEAGENWM
O |
|
P-401 | LPSTM1
|
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| ————
|
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gﬂﬁ 8 Process Flow Diagram of CBG (Area 300) and CHP (Area 400)
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exchanger
TW-601 R-601 V-601 V-602 R-602 TW-602 R-603 TW-603 V-603 G-601 C-601 H-601 E-601 C-602 S-601 CS-601 C-603 E-602
Tower Reator Seperation Flash Reactor Tower Carbamate Adiabatic Flash Granulation Compressor Heater Heat Compressor Screener Crusher Compressor Heat
vessel vessel reactor tower vessel And drying exchanger exchanger

LPSTM20UT LPSTM10UT MAKEUPW
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1 |
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31]17; 9 Process Flow Diagram of Reuse water (Area 500) and Urea fertilizer (Area 600)
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V-701 E-701 V-702 V-703 E-702 C-701 C-702 P-701 E-703 H-701 E-704 H-702 E-705 V-704 V-705
Seperator Heat Flash Seperator Heat Compressor Compressor Pump Heat Heater Heat Reformer Heat Flash Contaminate
exchanger vessel exchanger exchanger exchanger furnace exchanger vessel Seperator
C-703 E-706 C-704 H-703 FTS-701 E-707 V-706 E-708 V-707 E-709
Compessor Heat Compressor Heater Fischertropsch Heat Flash  Heat Flash Heat
exchanger synthesis exchanger vessel exchanger vessel exchanger
NH3

LPSTM40UT

CONTAMIN

TODIESEL

DIESEL

WASTEWAT

WSYNTOT

5Ufi 10 Process Flow Diagram of Diesel process (Area 700)
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V-801 E-701 V-802 V-803 E-802 E-803 E-804 H-801 E-805 V-804 P-801 V-805 (C-801 E-806 C-802 E-807
Seperator Heat Flash Seperator Heat Heat Heat Reformer Heat Flash Pump Flash Compressor Heat Compressor Heat
exchanger vessel exchanger exchanger exchangar-giyynace exchanger vessel vessel exchanger exchanger
C-803 E-808 C-804 R-801  E-809 v-gog Flash
Compressor Heat Compressor Methanol Heat Flash vessel
exchanger synthesis exchanger vessel
reactor
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g‘U‘i‘?‘i 11 Process Flow Diagram of Methanol process (Area 800)
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UNY 3 ANBSUNUNIZTUIUNITHAZUUIAANTZUIUNITNITDDAUUY

3.1 A15UNNIEUIUNTS (Process description)

waAavdnueslasinisi Ae nisldnineinsedsduan iiaUsslevigean nodnisld
N3N Younde uardAY MuLUMNTTUIATYgRIYUIBY Fajatunsduiunisuuusle
I@&Jmiﬁf]suazsqmuuamaqmﬁaﬁﬁmqnflil,ﬂwmﬁae”iu'%nmﬁaq Ao nndudivsnas unlgliae
Uszlovdigaan annisldninensiun afawdndausifildldnelussnuuasidios sudsddads
nansEvuseAadonBnde lulassnsll vergusuUTIn 600 dusiotu uay nindudsuds 800
Fustatu (uansdamsnedl unn) gldidutmgAundndmiulasans il esdusznaundnvossy

YBULAATLUATIN s waznInTiudUsraaunanslunisen Appendix xxx

A15197 1 USunauuasvezaniswasiudiusnag

UYL Y3ua4 (tons/d)
VYLYU VY 600
ANALIUAUL A 800

q' ¢
MN1919N 2 aﬂﬂﬂiznaU%aﬂﬂlﬂzﬂguﬂiu

Percent of fresh municipal waste
List of items Wet basis | % humidity
Food & vegetable wastes 53.49 88.3
Plastic 20.12
Paper 8.95 12.0
Glass 5.02
Metal 1.80
Others such as bone /seashell / hazard waste /battery, etc. 10.62
Total 100

MSW was produced 0.57 kg per person per day

Ql' v ‘g Q‘l’ Y o £ = a I I [~ %
nszvaunsinmuIululasenisi lemddmanisieazinaassgaans anuduldle
N193AINIIUANERT AUUARANETUNTTNIIY KASHANTENUABEA IWINFDUAIUT NYNUIUAINUA
woNANL LA Tassn s waut udsliaudirynenisuaesuiaisunszanluldsusun
AsusulaeanlefauyauaudusseINa [esanransenusedlIndeNIINIzlansoulazns
a a A ayy v v & = Y v ~ ¢ ~
Wiguwlasanmgiiennia annseuanudaiilanaitieiu laseinisil Jeldasensdidnw 3 nsdl
lowA nsgivugIu nsindnsHEnwUeEaTINAIY kanIaninsnEmhiuRwaTme fesuiely
dauil 2.1 91n3U7 3 - 5 szuuiimauumieyfuRnisdudu 8 daunuingUssasdvasiiunldass
Tnensdfinw 1 vezyuvuiasnindudlsnaanziluiiunssuiunsnlinuazwlsvesdelmdudey

7i'n (A100: Anaerobic Digestion Area) @1UlA@T 1A N7 LA a1nATzUIUNITRT Nz LUK U
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1%

A53UIUNTT 2 WUU wuussn Aevnidunsdliiugiuaziludunszuiunmsmdauiansaniunisnen

a LY 13

$aeiin (A200: Water Scrubbing Area) wanfasidildazdl 2 dau Ao whadnafiiauuiansaes
finuge uay uanivoulneenlediddadlneluatonas 99.8 Faufanvoulnsenledidunis
g noakazunlUTIu gL @@ s UNTEUIUNIS Enhancing Ol Recovery (EOR) ufid
arsuaulaeenlefdniindoarlfifuasdeiulunssuiunisnandegise (A600: Urea Fertilizer
Production Area) 11l ufiafinudininauuianigeazgnuuseanidu 2 dau Ae dauflazkiu
A5YUIUNTITERANLAULT oL T UL aLE Lwd sun B IuNIMYY (A300: Compressed Biogas for
Automobiles Area) way dauftorihlulfidudemaslunssuiunsninndsnusan (A400: Combine
Heat and Power (CHP) Area) ilandnnszualiiuazlothdouiiolilulssnuuagdwine lngloth
friumanandsuauieunislulssnuadandanziiluiiunssuiunisudmsdanisth (A500:
Process Water Management Area) titevimundusnidlusilunsuanlet dunsdldnud 2 8¢ 3
wfislnuumdousunsdifnuiiugiy wisddmifinde ufailldannszuauniswiinuisdau (6382
ke/h) azgndaludanszurunisnaniuniuea (n5a7 2 AB0O: Methanol Production Area) waw

ASEUIUMSHANUNLUAWE (NSEUN 3 AT00: Diesel Production Area)

3.2 NFTUIUNTTUATLUIAA LUNUIBUNUANNS
3.2.1 A100: Anaerobic Digestion Area

WHUNIWVDIAIU AL00 LLa@aiugﬂﬁ 6 Imaﬂizmums%L%'mmﬂmsﬁwazmﬂsqmuﬂ'%mm
13,512 kg/h naufuLn 20,712 ke/h aneludanay M-101 #0192 30 °C wazl bar vy iy
LLaﬂLﬂﬁaumm%’auﬁ’ﬂm}wﬁuﬁa (USuneu 472.5 kg/h iA17g 101.35 °C way 1.01 bar) Wi oLl
oaumgiiidu 37 °C Aouszdadng Anaerobic digestor (R-101) WuiiedufunnsfudUsndsiiingg
Houdgszuuuaznaniuii 20,712 ke/h neludanay M-102 a2z 30 °C uag 1.01 bar #dsa1n
duihluwandsunnudeutuletsus (U3 1,000 ke/h 70192 101.35 °C wag 1.01 bar) 1iie
isgamaiidu 37 °C Aeudzdatng Anaerobic digestor (R-102) snszuaunisusinlugs Digestor
WednsazddunsIuuAY 11y 37 °C waz 1.01 bar wiolfiinan1z Mesophilic (8n127
manzanfumsiyiulnvesgdunideglurasgamgll 30 e 45 °C ) wandusinldannszuIug
ninagilansdiume LAaTnIw (Biogas) way nnveelds (Digestate) TmaLLﬁ”a%amwﬁiﬁmﬂﬁuazﬁgmu
warnnsfudlsndanztunauiy Weddlusinszsurunisidaufansadienssuiunis wenuiadae

17 (water scrubbing) sialy lunsalfinw? 1 Wu wiadinmnamueaggndslunszuiuns Wenufia

s
a 1

meuniallauialimudinmuiansgs udlunsdifinun 2 uay 3 ufadinmazgnudsesnly 6,382

Y

a C ) o

ke/h @Aaduseway 20.21) et lundnduddufiwatagiuymuean uaIfu amsun1nvedaann
HINTNT @899 UNNITIUAULAZNTOINIBLATEINTBS F-101 Uag Preheat maunsouniig 157 °C

uwag 24 bar uag lowdudaf 101.355 °C wag1.01 bar 31Nt Aggnyiliusiasig Dryer 11 100 °C
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dieldautiueen udTsdidedasanganeniu wazussqasguitenedutly Fertilizer dely damih
fdeitannmisnsesazannsatindualdlétesay 60 annsanaununisld Make up water adlg
3.2.2 A200: Water Scrubbing Area

wanAueiiduuAaTaniwain A100 azgndnsnemeumsaes (C-201) Anthotdaufaaud
Al 3.16 bar nntuszangamgiseissiaugumgianasain 147 °C 18y 70 °C 9ty
sddlusamnufuifinseasumsawes (C-202) aufiududu 10 bar udrdsmaniuufatoundu
(Recycle Gas) uarangmuunifsaeidulussuuuwas szl £-202 uay £-203 augamaianas
Hu 35 °C Aouavdainguenandu vie Packed Column Absorber (v-201) fiauansan unusifieasu
1h (Flan1az 30 °C 10 bar) Aldganduuianivoulasoniss azgnileudriiduuuremenaniu lns
nsdlfnw?l 1 2 waz 3 a¥ldin 210,000 ke/h 168,000 ke/h wAZ 168,000 ke/h MUEINY) HARLToU]
Nnvieganduazdl 2 @ drusne ufadinmdisiauusansuesiinudesas 94 iei3unin CNG
wgnuisuazddludanszuaunissndududomasduiueumnusuaznszuiunmandaliiiuas
Au¥ausn (Combine Heat and Power, CHP) Aialy ludqufiaosdeansazatonauseninsiuas
msuoulaneenles wasuavuwdoudy q luvsmaeududus Wud Swu lelasiudals uwaz
woslinile Fsazgrilunanidsuradeutunssuaneudmeganduiiiaies £-202 uazihluuen
uiauazvouvarudueenaniufedauen V-202 duidunfaiosnandsuenaztindulunay
fuufaans 31 Wefiuauuigvivesiing veuraranfuenaziiluiiugungiisaglotdudmil £-
204 \ilell¥gangd 90 °C warddludsdenduiiaoudoldufaluiiousnaintiiardy 3.33
bar Tutuil thazgmirluufuanizuasnauiu Make up water Litethndululdlunsgandudive v-
201 sioly druvesufaaindauen (a1e 18) 1WuuAadsdinsuoulasenlemifussdussnoundnazgn
angamnfiidu 55 °C uazdoudndanen ananududu 1 bar way gumgiidu 55 °C ileusnuia
aaﬂmﬂﬁ’]ﬁ'mﬁaaq Mntudniazildida H,S Aefinadurends (ron sponge) 1a397N
fdn H,S udufaazgnangaumpdseinbudaauiigumaiiiu 7 °C uazaruuiiutinoande Heat
Exchanger wag &4 Flash mud iy anduazidufalumda N, A8 AduTeINd (Activated

1Y

carbon) &s9nA1dR NH, udnasa axldufafidasueulasenluduiqnsienay 99.8 Faavgndn
%28 Compressor 54A5 89 wag Intercooler 4 1a3 seauiArruduid u 1400 psig 91ndu
mfveulaoonleduisdinazgnuenludnausuuazangumgiiiu 141 ke/sgem wag 100 °C Lield
TunszuIus Urea Fertilizer Synthesis daufmdeazgnangamaiidu 21.11 °C udthluune il
T4lunsgurunns Enhanced Oil Recovery (EOR) sinlu
3.2.3 A300: Compressed Biogas for Automobiles Area

Biogas 71 1 A uuiansvealinudesay 94 azgndnaudaiuduidu 250 barg #ae
Compressor 3 \A3 09 wae Intercooler 2 1A3 B4 LLaza@quQtﬁLﬂu 30 °C aasundudaly Heat

Exchanger noudnasiaiazueidudemasdmsuenunivugssly
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3.2.4 A400: Combine Heat and Power (CHP) Area.

Tunszuiunistiasiiassdiu fe Gas Turbine way Heat Recovery Steam Generator Tugdau
949 Gas Turbine uAadnmidanuuignsvesiinuesas 94 azgaifingunniidu 45 °C e
Furnace 714 woodchip \udamasantuanausiuain 10 bar U 8 bar Aewdiaiewan lu
vausieatuiisel 30 °C 1 bar gifivgamnidaslethdud Tethuuumuduiunans uagleth
Arudugs 1ntiu shldendulevnde Furace Ald woodchip iudamas wareniagndnaud
A 8 bar ludauwes Teth Weinds wavenmeiitoudn Gas turbine ieiiaufATewwlvsidy
Flue gas 1leannufAseuunlunsdaziluananududu 1.1 bar 28 Turbine Wil etlunszualuidin
21017 u Flue gas 7 gnanA11uduLda9zgnifouita Heat Recovery Steam Generator il oH&N
nszualiiuaylown waziloudindalaluldlunsyuiunissu Inedi Heat Recovery Steam
Generator 9¥11119 1# a0 Reuse water unit undaidulou’ ﬁ‘fﬂlaﬁéﬂﬁlmﬁmlﬁwgﬂﬁﬂ%’
nszvIumsdu 1 sely dnledduifindeasgnasunelssnugaamnssuinaies dwsuinfeu
dusazgnasluds Reuse Water Unit gl
3.2.5 A500: Process Water Management Area

ih¥aufiinainniseuutiuvesledndud (101,355 °C 1.01 bar) ﬁgﬂﬁwlﬂuamﬂ?aumm
Younelunsrurumsnenunazgnuaniuun Make up water (30 °C 1 bar) 91ntiudarududae
Pump 210 1 bar tu 765 bar dhuihfeuiildinnismsuaniddsumiufeuvedlethiiauduliu
naNsREgndARNdufag Pump 210 5 bar U 76.5 bar dauthdeufilduinismauanddsunay

[y

Souvaslownfianudiugs sxgndnauduiig Pump 910 24 bar W 76.5 bar a1nuudivisay

Y

drunwauiukarUsuaamaiidu 73.16 °C uanihnduludewdn Heat Recovery Steam Generator

9 U

[
o

Tugquft 1 wonani 1h Makeup water (30 °C 1 bar) 9xgnénnuAusiie Pump Juilaudiudu
6.9 bar uaztfingumaiiidu 70.88 °C udahnduludoutd Heat Recovery Steam Generator 1u
duil 2
3.2.6 A600: Urea Fertilizer Production Area

uAarfusulasanleda1nnszuIuns Water Scrubbing azgndeutdngiai esuinsalvin
Uffsendusesludonandeildfomsarargifoanduasihasaraogdeildindnaiesauuia

1
+ a v &

WazLATeY Granulator wielleniinteeiSe nuun

9 Y

wloutng Screen Crusher lnulleiilduurawed
wgndsludundenihnnuibundiesnundundadusidoySedely dauveidnuiolngluazgn
ddlUs Crusher ilouauazéoundugiados Granulator sl

dnsunsdlfl 1 Ao nadifiugmuaed 6 unit anudsfindmandnediu lunsddnwdl 2 uay 3 Afinawdn

LIVOUDALATUNNUADATINAIY AEd UNnit 91 7 WANTULN A
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3.2.7 A800: Methanol Production Area (n3@ifnwnfi 2 nsdifidinsudnamiueasiugie)

Liadan maaunid 9910 Anaerobic Digestion Unit ¥rlurndm H,S e Solid Bed (Iron
Sponge) Ma4NATA H,S LLé’aLLﬁ”a%gﬂamqmmﬁé’wﬁfﬂLﬁu%’muﬁqmmﬁtﬂu 7 °C uagAIuLUy
Yheanse Heat Exchanger was &1 Flash audnsu anduaztudalumsn NH, #2e Solid Bed
(Activated Carbon) 99ty uRaGnmiiusimain H,S wag NH; asgniiugamgdidsthdouauuia
Fanmilgaunaiidu 105 °C luvnsdssulotidudnn CHP unit uanidsuaruouauiigamad
125 °C drethfousin levhanusuuiunans wdmanfuing Recycle Tunsyuaunisudalunay
funRadanan fafinandnedu anduvesmanlluaniuasuanudoutunansmsiain Reformer
ez ugunnAlnonanauiigunadidu 750 °C Aewdn Reformer nanAmeian Reformer
(Syngas) aluuanidsumnufeumudsiindndrsiuudrangumniseinibuaudu 35 °C 9
Howdh Flash Separator titeugninesnain Syngas Imaﬁﬂ‘ﬁ'LL&Jﬂaaﬂmwgﬂﬁmé’UM Recycle A3
Pumnp TWraniulethmuiingdnauuls d Syneas ilé weuiu Recycle gas udalurnu Separator
L‘ﬂ"aLLEJﬂ‘If’laaﬂ f\]’mffuﬁﬁ Syngas ‘ﬁl‘U%ﬂqWﬁf Wuausuidy 45 bar dae 4 Compressor Wag 3
Intercooler fﬂ’m‘l?uﬁﬂ Syngas ﬁgﬂﬁ@LLﬁﬁﬂ@ULsﬁﬁ Methanol Synthesis Reactor HAR ST e
angaumniidu 35 °C udrlouldn Flash Separator 13097 1 1ae Bottom product 7itduvesivad
MnA3ed 1 ssiunduiieannnuiudu 1 bar snduszdoudh Flash Separator 3o 2 Tng
Head product Fdunfarrlunufuuiariiu Head product 910 Flash Separator A3 1 uda
wenueaIunduly Recycle 5aufU Syneas mufinaadnasiu ahuﬁmﬁa%ﬂdaaaaﬂémimmﬁ du
Bottomn product iuveamaaniaiesit 2 auliundnfum Methanol fiflnanigvssesas 97.8

lngUSunsudiiiussyasdavesoly
3.2.8 A700: Diesel Production Area (nselfin®1# 3 nsaldin1snanunufwasiueie)

wiadan ma2uni 1910 Anaerobic Digestion Unit ¥rlurfndm H,S #ae Solid Bed (Iron
Sponge) ndanida H,S udufaszgnangamgiidaetindudnauiigumafiiu 7 °C uagmiuuly
Yheondne Heat Exchanger uag &9 Flash auansy antuazihufalumda NH, #2e Solid Bed
(Activated Carbon) 9701 WAETIAMAYTIFRIN H,S wag NH; %Qmﬁ'uqmmﬁé”mbﬁwﬁmﬁnu
Biogas flgaumgiiiu 25 °C 9ndusneuiuiiiu 3 bar fae Compressor udmaniuaIniafignan
AduLdu 3 bar wazlewn (3 bar 134 °C) 111910 Process water (30 °C 1 bar) figndnniusy
Hu 3 bar wazgnliiaudousethfeunnletanuduiunasuanidsurmnufouluugaain cHP
unit Tne Heat Exchanger wasipiosviaudou antuivewausa 3 Wiedowanasuninudou

a

lneldanusouainuinduel Reformer i aliansdouligumngiiiuduy 600°C wavangumngl

a

Wansat Reformer 1u 153 °C annuutlowd Reformer lnandnsiausl Reformer (Syngas) gaunqil
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Result from Simulation minus electricity utilities

Product Control Specification
Casel | Case2 | Case 3.1 | Case 3.2 | Case 3.3
Electricity (MWh/month) 930 4200 4122 4704 2622 1176
CBG methane concentration (%smol) >80 93.90 94.18 94.18 94.18 94.18
CNG supplies (ton/year) 1 35344.5 | 20647 20647 27900 35341.8
H2S concentration in CNG for CHP (ppm) <1000 0.0042 | 0.0036 | 0.0036 0.0036 0.0036
H2S concentration in CNG for Automobile (ppm) <100 0.0042 | 0.0036 | 0.0036 0.0036 0.0036
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4.1 Overall mass balance

4.1.1 Anaerobic Digestion

UNT 4 NIAAUIAUATNAIIY

Area (A100)

R-101

>—{T0]

&

a15797i 4 Material Balances Tu Anaerobic Digestor (R-101)

1%
¥ A

¥

o

R-102

%
&

Mass flow of inlet Mass flow of outlet 1 | Mass flow of outlet 2
Component
Stream No. 9 (ke/h) | Stream No. 11 (kg/h) Stream No. 12 (kg/h)
Phase Slurry Phase Vapor phase Slurry Phase
OFMSW 13,512.60 - -
H,O 27,025.10 130 35,272.20
CO, 2,781.40 24
CHq 1,178.10 0
0, - -
N, - -
NH3 113 10.2
H2S 8.5 0.1
Ash - 4338
FC - 608.1
Total 40,537.70 40,537.70




A15797i 5 Material Balances Tu Anaerobic Digestor (R-102)

A1519% 6 Material Balances Tu Filter (F-101)

Mass flow of inlet Mass flow of outlet 1 | Mass flow of outlet 2
Component
Stream No. 10 (kg/h) | Stream No. 13 (kg/h) | Stream No. 14 (kg/h)
Phase Slurry Liquid Solid
Cassava 30239.5 - -
H20 60479 785.74 60455.16
CcO2 - 19871.42 4.94
CH4 - 6446.74 0.02
NH3 - 225.85 5.78
H2S - 28.85 0.08
Ash - - 435.45
FC - - 2458.47
Total 90718.5 90718.5
—
(2]
‘ F-101
2

Mass flow of inlet Mass flow of outlet 1 Mass flow of outlet 2
Component
Stream No.16 (kg/h) Stream No.17 (kg/h) Stream No.22 (kg/h)
Phase Slurry Liquid Solid Phase
H20 95727.32 57436.39 38290.93
Cco2 7.38 4.43 2.95
CH4 0.03 0.02 0.01
NH3 16.01 9.6 6.4
H2S 0.16 0.1 0.06
Ash 869.2 - 869.2
FC 3066.54 - 3066.54
Total 99686.63 99686.63
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4.1.2 Water Scrubbing Area (A200)

[#]

V-201

= @)
= =)

mswﬁ 7 Material Balances 11 Absorber (V-201)

[8]

Mass flow of inlet 2 | Mass flow of outlet | Mass flow of outlet
Mass flow of inlet 1
Component Stream no. 34 Stream no. 35 2 Stream no. 36
Stream no. 47 (kg/h)
(kg/h) (kg/h) (kg/h)
Phase Vapor Liquid Vapor Liquid
H,O 730.9 168000 31.37 168699.53
CO, 18086.6 - 952.09 17134.52
CH, 6088.58 - 6071.06 17.51
NH3 270.36 - 0 270.36
H2S 29.83 - 0 29.83
Total 193206.27 193206.26




4.1.3 Combine Heat and Power Area (A300)

mswﬁ 8 Material Balances Tu Gas Turbine (CHP-401)

&>—{]
\4
» CHP-401
A

B

5

8]

Mass flow of inlet 1 Mass flow of inlet 2 Mass flow of inlet 3 | Mass flow of outlet
Component
Stream No. 82 (kg/h) | Stream No. 83 (kg/h) | Stream No. 89 (kg/h) | Stream No. 90 (kg/h)
Phase Vapor Vapor Vapor Vapor Phase
H.0 15.69 - 6352.71 13185.92
co - - - 0
Cco, 476.04 - - 8803.35
CHq 3035.53 - - 0
NH3 0.00000147 - - 5.96E-12
H,S 0.0000249 - - 4.59E-24
N, - 143396.75 - 143396.14
O, - 43540.98 - 31430.28
S0, - - - 0
NO, - - - 2.01
Total 196817.7 196817.7
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4.1.4 Diesel Production

> 176

H-702 = TN =

mi'Nﬁ 9 Material Balances Tu Reformer (H-702)

187 FTS-701 188

Component | Mass flow of inlet Stream No.176 (kg/h) | Mass flow of outlet Stream No.177 (kg/h)
Phase Vapor Vapor
H2 0 418.6038129
H,O 2,813.77 2,523.07
CcOo - 3,446.15
CO, 4,579.40 3,379.14
CHq 1,541.41 5.18
N2 2,758.42 2,758.42
02 837.57 0.00
Total 12,530.56 12,530.56

A15797 10 Material Balances Tu Fisher Tropsch Synthesis Reactor (FTS-701)

Component | Mass flow of inlet Stream No.187 (kg/h) | Mass flow of outlet Stream No.188 (kg/h)
Phase Vapor Vapor
H2 418.60 44.06
H,0 - 1,344.68
CcOo 3,446.15 678.72
Co, - 529.91
CH,q - 309.21
PROPANE - 23.19
ETHANE - 42.52
PROPENE - 23.19
N-BUTANE - 1.93
2-MET-01 - 1.55
N-HEXANE - 1.55
N-OCTANE - 13.91
N-NONANE - 36.33
N-DECANE - 51.41
N-UND-01 - 75.37
N-DOD-01 - 89.28
N-TRI-01 - 92.76
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1519 11 Material Balances 1u Fisher Tropsch Synthesis Reactor (FTS-701) (si9)

Component | Mass flow of inlet Stream No.187 (kg/h) | Mass flow of outlet Stream No.188 (kg/h)
Phase Vapor Vapor
N-TET-01 - 85.81
N-PEN-01 - 80.01
N-HEX-01 - 70.73
N-HEP-01 - 60.30
N-NON-01 - 41.74
N-EIC-01 - 32.47
N-OCT-01 - 51.79
N-DOC-01 - 23.96
N-TRI-02 - 9.28
N-TET-02 - 6.18
N-HEN-01 - 23.19
N-PEN-02 - 4.64
N-HEPTAN - 15.07
Total 3,864.75 3,864.75
4.2 Overall energy balance
4.2.1 Anaerobic Digestion Area (A100)
4.2.1.1 Compressor (F-101)
mswﬁ 12 Energy balances compressor
Mass Net work
Pressure Mass flow Indicated Mechanical
F-101 Enthalpy | Efficiency required
(bar) (kg/s) power (kW) efficiency
(kJ/kg) (kw)
Inlet 1.00 0.03 4.84
80.00% 0.46 96.00% 0.48
Outlet 1.16 0.03 21.48

4.2.1.2 Dryer (D-101)

a9t 13 Energy balances dryer

D-101 Phase | Mass flow (kg/s) | Mass Enthalpy (kJ/kg) | Energy in (kW) | Energy out (kW) | Heat input (kW)
Slurry Vapor 11.73 -1.42E+04 -1.66E+05
Air Liquid 0.03 2.15E+01 5.97E-01
Fertilizer | Liquid 1.09 1.40E+03 1.53E+03
Moist Air | Liquid 10.67 -1.56E+04 -1.66E+05
Total -1.66E+05 -1.65E+05 -1496.09
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4.2.1.3 Heat Exchanger

As1eTi 14 Energy balances heat exchanger

Mass flow Mass Enthalpy Energy in Energy out Heat input
HX Stream Phase
(kg/s) (kJ/kg) (kw) (kw) (kw)
Hot Inlet Vapor 0.13 -1.33E+04 -1.74E+03
Cold Inlet | Liquid 11.26 -1.47E+04 -1.66E+05
E-101 | Hot Outlet | Liquid 11.26 -1.47E+04 -1.66E+05
Cold Outlet | Liquid 0.13 -1.57E+04 -2.07E+03
Total -1.74E+03 -1.68E+05 165972.97
Hot Inlet Vapor 0.28 -1.33E+04 -3.69E+03
Cold Inlet | Liquid 25.20 -1.30E+04 -3.29E+05
E-102 | Hot Outlet | Liquid 0.28 -1.57E+04 -4.37E+03
Cold Outlet | Liquid 25.20 -1.30E+04 -3.28E+05
Total -3.69E+03 -4.37E+03 682.79
Hot Inlet Liquid 1.08 -1.53E+04 -1.65E+04
Cold Inlet Liquid 11.73 -1.44E+04 -1.68E+05
E-103 | Hot Outlet | Liquid 1.08 -1.57E+04 -1.70E+04
Cold Outlet | Liquid 11.73 -1.43E+04 -1.68E+05
Total -1.85E+05 -1.85E+05 0.00
Hot Inlet Vapor 0.83 -1.33E+04 -1.11E+04
Cold Inlet Liquid 11.73 -1.43E+04 -1.68E+05
E-104 | Hot QOutlet | Liquid 0.83 -1.56E+04 -1.30E+04
Cold Outlet | Liquid 11.73 -1.42E+04 -1.66E+05
Total -1.79E+05 -1.79E+05 0.00
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4.2.2 Water Scrubbing Unit

4.2.2.1 Compressor

A15197 15 Energy balances compressor

32

Mass Mass Net work
Pressure Indicated Mechanical
Compressor flow Enthalpy Efficiency required
(bar) power (kW) efficiency
(kg/s) (kJ/kg) (kw)
Inlet 1.00 7.00 -7943.63
C-201 0.80 1,017.41 0.96 1,059.81
Outlet 3.16 7.00 -7798.22
Inlet 3.16 7.00 -7902.91
C-202 0.80 1,116.85 0.96 1,163.39
Outlet 10.00 7.00 -7743.28
Inlet 1.00 a.73 -8954.36
C-203 0.80 387.38 0.96 403.52
Outlet 3.00 4a.73 -8872.48
Inlet 3.00 4.73 -8882.85
C-204 0.80 496.05 0.96 516.72
Outlet 9.00 4.73 -8778.00
Inlet 9.00 4.73 -8886.77
C-205 0.80 489.37 0.96 509.76
Outlet 27.00 4.73 -8783.33
Mass Mass Net work
Pressure Indicated Mechanical
Compressor flow Enthalpy Efficiency required
(bar) power (kW) efficiency
(kg/s) (kJ/kg) (kw)
Inlet 27.00 a.73 -8901.07
C-206 0.80 467.23 0.96 486.70
Outlet 81.00 a.73 -8802.31
Inlet 81.00 4.73 -8927.55
C-207 0.80 64.95 0.96 67.65
Outlet 97.54 a.73 -8913.82
Inlet 97.54 0.83 -8913.82
C-208 0.80 23.55 0.96 24.53
Outlet 138.27 0.83 -8885.58

4.2.2.2 Heat Exchanger




A519Tt 16 Energy balances heat exchanger

33

Mass flow Mass Enthalpy Energy in Energy out Heat input
HX Stream Phase
(kg/s) (kJ/kg) (kw) (kw) (kw)
Inlet Vapor 7 -7798.22 -54560.53
E-201 Outlet Vapor 7 -7902.91 -55293.03
Total -54560.53 -55293.03 -732.5
Hot Inlet Vapor 7 -7743.31 -54216.68
Cold Inlet | Liquid 51.71 -15184.75 -785185.51
E-202 | Hot Outlet | Vapor 7 -7911.05 -55391.13
Cold Outlet | Liquid 51.71 -15162.04 -784011.1
Total -839402.19 -784011.1 -55391.08
Inlet Vapor 7 -7911.05 -55391.13
E-203 Outlet Vapor 7 -8020.77 -56159.39
Total -55391.13 -56159.39 -768.26
Cold Inlet | Liquid 51.7 -15162.78 -783970.59
Hot Inlet Vapor 2.14 -13283.69 -28412.34
Hot Outlet | Liquid 2.14 -15691.8 -33563.01
a0 Cold Outlet | Vapor 4.86 -8949.64 -43453.94
Cold Outlet | Liquid 46.85 -15696.77 -735365.98
Total -812382.93 -735365.98 -77016.95
Inlet Liquid 46.49 -15726.77 -731061.93
E-205 Outlet Liquid 46.49 -15953.94 -741622.06
Total -731061.93 -741622.06 -10560.13
Inlet Vapor 46.49 -15953.94 -741622.06
E-206 Outlet Vapor 46.49 -16002.06 -743858.73
Total -741622.06 -743858.73 -2236.67
Inlet Liquid 5.22 -9153.64 -47767.59
E-207 Outlet Liquid 5.22 -9346.39 -48773.49
Total -47767.59 -48773.49 -1005.9
Inlet Vapor 491 -8956.75 -43982.81
Outlet Vapor 4.81 -8888.05 -42720.34
E-208
Outlet Liquid 0.1 -16115.43 -1677.35
Total -43982.81 -44397.69 -414.88
Mass flow Mass Enthalpy Energy in Energy out Heat input
HX Stream Phase
(kg/s) (kJ/kg) (kw) (kw) (kw)
Inlet Vapor 473 -8872.48 -41975.74
E-209 Outlet Vapor 473 -8882.85 -42024.8
Total -41975.74 -42024.8 -49.06

A1519% 16 Energy balances heat exchanger (#18)

HX

Stream | Phase

Mass flow (kg/s)

Mass Enthalpy (kJ/kg)

Energy in (kW)

Energy out (kW)

Heat input (kw)

E-210

Inlet | Vapor

4.73

-8778.00

-41528.75
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Outlet ‘ Vapor ‘ 4.73 -8886.77 -42043.33
Total -41528.75 -42043.33 -514.59
Inlet | Vapor 4.73 -8783.33 -41553.96
E-211 | Outlet | Vapor 4.73 -8901.07 -42110.99
Total -41553.96 -42110.99 -557.02
Inlet | Vapor 4.73 -8802.31 -41643.76
E-212 | Outlet | Vapor 4.73 -8927.55 -42236.26
Total -41643.76 -42236.26 -592.50
Inlet Vapor 3.90 -8913.82 -34737.74
E-213 | Outlet | Vapor 3.90 -9193.25 -35826.67
Total -34737.74 -35826.67 -1088.93
Inlet Vapor 0.83 -8885.58 -7410.02
E-214 | Outlet | Vapor 0.83 -8973.90 -7483.67
Total -7410.02 -7483.67 -73.65
4.2.2.3 Liquid Turbine (LT-201)
asedt 17 Energy balances liquid turbine
LT-201 | Pressure (Pa) | Volume flow (m3/s) | Fluid work (kW) | Efficiency | Net work required (kW)
Inlet 3.33E+05 5.15E-02
-12.00 75.00% -16.00
Outlet 1.00E+05 5.15E-02
4.2.2.4 Pump (P-201)
a5l 18 Energy balances pump
P-201 | Pressure (Pa) | Volume flow (m3/s) | Fluid work (kW) | Efficiency | Net work required (kW)
Inlet 1.00E+05 4.72E-02
Outlet |  1.00E+06 4.72E-02 140 1o00% 2062

4.2.3 Compressed Biogas Unit

4.2.3.1 Compressor



A13197 19 Energy balances compressor
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Mass Mass
Pressure Indicated Mechanical Net work
Compressor flow Enthalpy Efficiency
(bar) power (kW) efficiency required (kW)
(kg/s) (kJ/kg)
Inlet 10.00 0.98 -5252.88
C-301 0.80 243.93 0.96 254.097
Outlet 30.00 0.98 -5003.92
Inlet 30.00 0.98 -5170.46
C-302 0.80 277.22 0.96 288.77
Outlet 90.00 0.98 -4887.53
Inlet 90.00 0.98 -5212.48
C-303 0.80 257.01 0.96 267.72
Outlet 251.01 0.98 -4950.17
4.2.3.2 Heat Exchanger
A1351499 20 Energy balances heat Exchanger
Mass
Mass flow Energy in Energy out
HX Stream Phase Enthalpy Heat input (kW)
(kg/s) (kw)
(kJ/kg)
Inlet Vapor 0.98 -5003.92 -4902.81
E-301 Outlet Vapor 0.98 -5170.46 -5065.99
Total -4902.81 -5065.99 -163.17
Inlet Vapor 0.98 -4887.53 -4788.77
E-302 Outlet Vapor 0.98 -5212.48 -5107.16
Total -4788.77 -5107.16 -318.39
Inlet Vapor 0.98 -4950.17 -4850.15
E-303 Outlet Vapor 0.98 -5450.69 -5340.56
Total -4850.15 -5340.56 -490.41

4.2.4 Combine Heat and Power Area

4.2.4.1 Heat Exchanger



a9t 21 Energy balances heat Exchanger
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HX Stream Phase | Mass flow (kg/s) | Mass Enthalpy (kJ/kg) | Energy in (kW) | Energy out (kW)
Heat input (kW)
Hot Inlet Vapor 0.24 -13283.69 -3185.87
Cold Inlet Liquid 1.76 -15938.63 -28126.00
E-401 Hot Outlet | Liquid 0.24 -15616.24 -3745.29
Cold Qutlet | Liquid 1.76 -15621.62 -27566.57
Total -31311.86 -31311.86 0.00
HX Stream Phase | Mass flow (kg/s) | Mass Enthalpy (kJ/kg) | Energy in (kW) | Energy out (kW)
Heat input (kW)
Hot Inlet Vapor 0.24 -13049.97 -3176.26
Cold Inlet Liquid 1.76 -15621.62 -27566.57
Hot Outlet | Vapor 0.05 -13199.27 -686.58
F402 Hot Outlet | Liquid 0.19 -15377.41 -2942.86
Cold Qutlet | Liquid 1.76 -15364.80 -27113.39
Total -30742.83 -30742.83 0.00
Hot Inlet Vapor 0.24 -13049.97 -3176.26
Cold Inlet Liquid 1.76 -15621.62 -27566.57
Hot Outlet | Vapor 0.05 -13199.27 -686.58
O ot Liquid 0.19 -15377.41 -2942.86
Cold Outlet | Liquid 1.76 -15364.80 -27113.39
Total -30742.83 -30742.83 0.00
Hot Inlet Vapor 1.08 -12835.37 -13831.66
Cold Inlet Liquid 1.76 -15364.80 -27113.39
Hot Outlet | Vapor 1.08 -15315.96 -16504.80
O o outler Vapor 1.20 1317282 -15806.82
Cold Qutlet | Liquid 0.56 -15288.92 -8633.43
Total -40945.06 -40945.06 0.00
4.2.4.2 Gas turbine
A5197 22 Energy balances gas turbine
Mass Mass Net work
Pressure Indicated Mechanical
CHP-401 flow Enthalpy Efficiency required
(bar) power (kW) efficiency
(kg/s) (kJ/ke) (kw)
Inlet 1.00 51.93 4.78 14915.69
Compressor 0.80 14169.91 0.95
Outlet 8.00 51.93 277.66
Inlet 8.00 54.67 -253.52 -23288.85
Turbine 0.80 -24514.58 0.95
Outlet 1.10 54.67 -701.91
Total Work Produce -8373.16




4.2.4.3 Heat Recovery Steam Generator (CHP-402)

A9t 23 Energy balances heat Recovery Steam Generator

37

Mass flow Mass Enthalpy Energy in Energy out Work
HSRG Phase
(kg/s) (kJ/ke) (kw) Produce
Hot Flue Gas Vapor 54.67 -701.91 -38374.65
Inlet Water 1 Liquid 7.18 -15738.14 -113073.38
Water 14 Liquid 1.62 -15754.60 -25563.35
Saturated Steam Vapor 7.29 -13283.69 -96874.04
Medium Pressure Steam | Vapor 0.24 -13049.98 -3176.26
Outlet High Pressure Steam Vapor 1.08 -12835.37 -13831.66
Cold Flue Gas Vapor 54.67 -1197.79 -65485.26
Saturated Liquid Liquid 0.19 -15616.24 -3014.49
Total -177011.39 -182381.72 -5370.34
Efficiency of Steam Turbine ‘ 0.95 ‘ Total work produce -5101.82
4.2.4.4 Heater
P~
f1319% 24 Energy balances heater
Heater Stream Phase Mass flow Mass Enthalpy Energy in Energy Heat
(kg/s) (kJ/kg) (kw) out (kw) | input (kw)
H-401 Inlet Liquid 0.98 -5252.88 -5146.75 _ _
Outlet Liquid 0.98 -5232.84 _ -5127.11 _
Total -5146.75 -5127.11 19.64
H-402 Inlet Liquid 1.76 -13849.97 -24440.26 _ _
Outlet Liquid 1.76 -13172.82 _ -23245.33 _
Total -24440.26 | -23245.33 1194.93
4.2.4.5 Pump
P
19990 25 Energy balances pump
Net work
P-401 Pressure (Pa) | Volume flow (m3/s) Fluid work (kW) Efficiency
required (kW)
Inlet 0 0
0 75% 0
Outlet 0 0
4.2.4.6 Turbine (T-401)
=i .
#1979 26 Energy balances turbine
Pressure Mass flow Mass Enthalpy Indicated Mechanical Net work
T-401 Efficiency
(bar) (kg/s) (kJ/ke) power (kW) efficiency Produce (kW)
Inlet 10 0.98 -5232.84
0.8 -25.23 0.95 -23.96
Outlet 8 0.98 -5258.58




4.2.5 Process Water Management Unit

4.2.5.1 Heat Exchanger (E-501)

A 27 Energy balances heat exchanger

E-501 | Phase | Mass flow (kg/s) | Mass Enthalpy (kJ/kg) | Energy in (kW) | Energy out (kW) | Heat input (kW)
Inlet Liquid 7.18 -15777.07 -113353.06
Outlet | Liquid 7.18 -15795.10 -113482.62
Total -113353.06 -113482.62 -129.56
4.2.5.2 Heater (H-501)
g.'
f11319% 28 Energy balances heater
H-501 | Phase | Mass flow (kg/s) | Mass Enthalpy (kJ/kg) | Energy in (kW) | Energy out (kW) | Heat input (kW)
Inlet | Liquid 1.62 -16009.40 -25976.79
Outlet | Liquid 1.62 -15812.83 -25657.84
Total -25976.79 -25657.84 318.95
4.2.5.3 Pump
a
f13199 29 Energy balances pump
Volume flow Fluid work Net work
Pump Pressure (Pa) Efficiency
(m3/s) (kw) required (kW)
Inlet 100000 0.00642
P-501 48.44 80% 60.54
Outlet 7650000 0.00641
Inlet 500000 0.000289
P-502 2.06 80% 2.58
Outlet 7650000 0.000259
Inlet 2400000 0.00131
P-503 6.9 80% 8.63
Outlet 7650000 0.00119
Inlet 100000 0.0017
P-504 1 80% 1.25
Outlet 690000 0.0017
4.2.6 Diesel Unit
4.2.6.1 Compressor
a
#1979 30 Energy balances compressor
Pressure Mass flow Mass Enthalpy Indicated Mechanical Net work
Compressor Efficiency
(bar) (kg/s) (kJ/kg) power (kW) efficiency required (kW)
C-701 Inlet 1.00 1.70 -7860.37 0.80 213.51 0.96 222.410
Outlet 3.00 1.70 -7734.79
C-702 Inlet 1.00 1.00 4.84 0.80 140.73 0.96 146.598
Outlet 3.00 1.00 145.73
C-703 Inlet 3.00 1.07 -3555.97 0.80 327.46 0.96 341.100
Outlet 8.00 1.07 -3250.94
C-704 Inlet 8.00 1.07 -3407.02 0.80 368.16 0.96 383.498
Outlet 20.00 1.07 -3064.09




4.2.6.2 Heat Exchanger

A519Ti 31 Energy balances heat exchanger

L Strearm Phase Mass flow Mass Enthalpy Energy in Energy out Heat input
(kg/s) (kJ/kg) (kw) (kw) (kw)
Inlet Vapor 1.77 -7949.23 -14075.53
Outlet Vapor 1.73 -7848.14 -13549
E-701
Outlet Liquid 0.04 -16117.75 -713.71
Total -14075.53 -14262.72 -187.19
Hot Inlet Vapor 0.01 -13283.69 -195.57
Cold Inlet | Vapor 1.7 -7881.71 -13400.69
E-702 | Hot Outlet | Liquid 0.01 -15748.41 -231.85
Cold Outlet | Vapor 1.7 -7860.37 -13364.41
Total -13596.26 -13596.26 0
Hot Inlet Vapor 0.05 -13199.27 -686.58
Hot Inlet Liquid 0.19 -15377.41 -2942.86
Cold Inlet Liquid 0.78 -16009.8764 -12513.34
e Hot Outlet | Liquid 0.24 -15918.12 -3874.35
Cold Outlet | Liquid 0.78 -15696.54 -12268.44
Total -16142.78 -16142.78 0
Hot Inlet Vapor 3.48 -4746.67 -16521.8
Cold Inlet | Vapor 2.88 -5433.17 -15656.7
Cold Inlet Liquid 0.6 -15804.96 -9467.56
E-704
Hot Outlet | Vapor 3.48 -5993.59 -20861.96
Cold Outlet | Vapor 3.48 -5971.22 -20784.09
Total -41646.06 -41646.06 0
Inlet Vapor 3.48 -5993.59 -20861.96
Outlet Vapor 2.79 -4428.06 -12341.9
E-705
Outlet Liquid 0.69 -16105.96 -11169.59
Total -20861.96 -23511.49 -2649.52
Inlet Vapor 1.07 -3250.94 -3490.03
E-706 Outlet Vapor 1.07 -3407.02 -3657.59
Total -3490.03 -3657.59 -167.56




A4l 31 Energy balances heat exchanger
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i Stream Shase Mass flow Mass Enthalpy Energy in Energy out Heat input
(kg/s) (kJ/kg) (kw) (kw) (kw)
Inlet Vapor 1.02 -7293.72 -7461.55
Inlet Liquid 0.05 -1705.52 -86.19
E-707 Outlet Vapor 0.7 -4172.52 -2925.95
Outlet Liquid 0.37 -15966.6 -5944.36
Total -7461.55 -2925.95 4535.59
Inlet Liquid 0.25 -2144.05 -528.41
E-708 Outlet Liquid 0.25 -2202.27 -542.76
Total -528.41 -542.76 -14.35
Hot Inlet Vapor 0 -13283.69 -55.35
Cold Inlet | Liquid 0.24 -2097.72 -506.63
E-709 | Hot Outlet | Liquid 0 -15683.76 -65.35
Cold Outlet | Liquid 0.24 -2056.31 -496.63
Total -561.98 -561.98 0
4.2.6.3 Heater
a5l 32 Energy balances heater
Heater Stream Shase Phase Mass Enthalpy Energy in Energy out Heat input
Mass flow (kg/s) (kJ/kg) (kw) (kw) (kw)
Inlet Liquid 0.78 -15696.54 -12268.44
H-701 Outlet Liquid 0.78 -15505.25 -12118.93
Total -12268.44 -12118.93 149.51
Inlet Vapor 3.48 -5971.22 -20784.09
H-702 Outlet Vapor 3.48 -4746.67 -16521.80
Total -20784.09 -16521.80 4262.29
Inlet Vapor 1.07 -3064.09 -3289.43
H-703 Outlet Vapor 1.07 -3003.82 -3224.73
Total -3289.43 -3224.73 64.70
4.2.6.4. Pump
a9t 33 Energy balances pump
p-701 Pressure (Pa) | Volume flow (m3/s) Fluid work (kw) Efficiency et work
required (kW)
Inlet 100000 0.000817
0.16 75% 0.22
Outlet 300000 0.000817
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UNI 5 N1SIATIANIUATHGANENS

5.1 SUNAFIUNAUATHIAENS
ANNAFIUNUFIU (Base Assumptions)
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A13197 34 AUNAFIUTDINITIATIBINAUATYFAIERS

Project life (Years after Startup) 20
Taxation Rate 35%
Annual Interest Rate 10%
Depreciation Method MACRS
Depreciation Time 5

Salvage Value (Baht) 0

Working Capital 15 % of FCl
Cost of Land (Baht/Rai) 200,000

5.2 amuagﬂu%a\‘lmiﬁm’lmqﬂﬂiﬂjmﬂﬂ‘swﬁu (Equipment Cost Assumptions)

aa o

nsAnAgUnsainelulssuae 8198 iBAwIMaN Turton [1] TnsmAesgunsaiisiastuiinig
Wasuulasmesmatuegifumnusdieants sndegiatu anug Taguesmaneadns uazan1izUjiing @
wdunthilvesimnsfiagdosindulaindedlifanussinnladmiunszuiunmsfiunsianzasiueg fu
anmzUFtAng wazussinmvesansiedidnnisnelunszuiuns Tneaasadodudsddyianuas
AU ANTRIN TERNUUUAISIEIETIUsEndaiigaiaenadamutefruadiuai mdasnds Tunsdli
gunsalfimnudumziduiiay 1wy niesfnsalivefumes (Reformen axdedsmsduinsaainiaios
Uinsaliaisn (Furnace) Gaflnudnwarlndidsstu wuderiudussuunsadnliiiuazanufousu

(CHP)



5.2.1 Ugy@snen15gunsal (Equipment list)
druilazuanasenisaunsainielulsanuns 3 nsdlfnwindeuna s se%e Usean uasdanily wusuiuildaslulsanuns 7 iun

M15197 35 518n159UnTal n3diilugIu (Base Case)

No. ITEM FORMAT | NAME EQUIPMENT | Tvee | Waterial
AREA 100 : ANAEROBIC DISGESTER
1 CV-101 Belt conveyor Horizontal Carbon steel
2 CV-101 Belt conveyor Horizontal Carbon steel
3 CV-101 Screw conveyor Horizontal Carbon steel
4 D-101 Rotary Dryer Horizontal tube Carbon steel
5 E-101 Heat exchanger Shell and tube (Spiral tube) Carbon steel(Shell) / Stainless steel(Tube)
6 E-102 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
7 E-103 Heat exchanger Shell and tube (Spiral tube) Stainless steel(Shell) / Stainless steel(Tube)
8 E-104 Heat exchanger Shell and tube (Fixed tube) Stainless steel(Shell) / Stainless steel(Tube)
9 F-101 Fan Axial tube Carbon steel
10 M-101 Mixer Propeller mixer Carbon steel
11 M-102 Mixer Propeller mixer Carbon steel
12 M-103 Mixing valve - Carbon steel
13 M-104 Mixing valve - Carbon steel
14 M-105 Mixing valve - Stainless steel
15 R-101 Anaerobic Digester Vertical Carbon steel
16 R-102 Anaerobic Digester Vertical Carbon steel
17 S-101 Screw press Horizontal Carbon steel
18 SP-101 Splitter - Stainless steel




M19197 35 T18n15aUnIal N3AlN 1: n3dliiugIu (Base Case) (sie)
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No. [TEM FORMAT ‘ NAME EQUIPMENT ‘ TYPE Material

AREA 200 : WATER SCRUBBLING
19 C-201 Compressor Centrifugal Stainless steel
20 C-202 Compressor Centrifugal Stainless steel
21 C-203 Compressor Centrifugal Carbon steel
22 C-204 Compressor Centrifugal Carbon steel
23 C-205 Compressor Centrifugal Carbon steel
24 C-206 Compressor Centrifugal Carbon steel
25 C-207 Compressor Rotary Carbon steel
26 C-208 Compressor Rotary Carbon steel
27 E-201 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
28 E-202 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
29 E-203 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
30 E-204 Heat exchanger Shell and tube (Fixed tube) Stainless steel(Shell) / Stainless steel(Tube)
31 E-205 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
32 E-206 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
33 E-207 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
34 E-208 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
35 E-209 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Carbon steel(Tube)
36 E-210 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Carbon steel(Tube)
37 E-211 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Carbon steel(Tube)
38 E-212 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Carbon steel(Tube)
39 E-213 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Carbon steel(Tube)
40 E-214 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Carbon steel(Tube)
a1 M-201 Mixing Valve - Stainless steel
a2 M-202 Mixing Valve - Carbon steel




M19197 35 T18n15aUnIal N3AlN 1: n3dliiugIu (Base Case) (sie)
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No. [TEM FORMAT NAME EQUIPMENT TYPE Material
43 P-201 Pump Centrifugal Carbon steel
a4 SP-201 Splitter - Carbon steel
45 T-201 Turbine Axial Stainless steel
a6 TW-201 Absorber Vertical packed column Stainless steel
ar V-201 Flash vessel Vertical vessel Stainless steel
48 V-202 Flash vessel Vertical vessel Stainless steel
49 V-203 Flash vessel Vertical vessel Stainless steel
50 V-204 FE-Bed Vertical packed bed Stainless steel
51 V-205 Flash vessel Vertical vessel Stainless steel
52 V-206 AC-Bed Vertical packed bed Stainless steel
AREA 300 : CNG
53 C-301 Compressor Centrifugal Stainless steel
54 C-302 Compressor Centrifugal Stainless steel
55 C-303 Compressor Centrifugal Stainless steel
56 E-301 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
57 E-302 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
58 E-303 Heat exchanger Shell and tube (Multi pipe) Carbon steel(Shell) / Stainless steel(Tube)
59 SP-301 Splitter - Stainless steel
AREA 400 : CHP
60 CHP-401 Gas Turbine Heavy Duty Stainless steel
61 CHP-402 HRSG & CHP control system Horizontal Stainless steel




M19197 35 T18n15aUnIal N3AlN 1: n3dliiugIu (Base Case) (sie)

45

No. [TEM FORMAT | NAME EQUIPMENT TYPE Material
62 E-401 Heat exchanger Shell and tube (Fixed tube) Stainless steel(Shell) / Stainless steel(Tube)
63 E-402 Heat exchanger Shell and tube (Fixed tube) Stainless steel(Shell) / Stainless steel(Tube)
64 E-403 Heat exchanger Shell and tube (Fixed tube) Stainless steel(Shell) / Stainless steel(Tube)
65 H-401 Heater Thermal Fluid Carbon steel
66 H-402 Heater Thermal Fluid Carbon steel
67 P-401 Pump Centrifugal Carbon steel
68 T-401 Turbine Axial Stainless steel
Area 500 : REUSE WATER
69 E-501 Heat exchanger Shell and tube (Spiral Tube) Carbon steel(Shell) / Carbon steel(Tube)
70 H-501 Furnace Thermal fluid Carbon steel
71 H-502 Heater Thermal fluid Carbon steel
72 M-101 Mixer Propeller mixer Carbon steel
73 M-102 Mixer Propeller mixer Carbon steel
74 P-501 Pump Centrifugal Stainless steel
75 P-502 Pump Centrifugal Stainless steel
76 P-503 Pump Centrifugal Stainless steel
7 P-504 Pump Centrifugal Carbon steel
78 C-601 Compressor Centrifugal Carbon steel
79 C-602 Compressor Centrifugal Carbon steel
80 C-603 Compressor Centrifugal Carbon steel
81 CS-601 Crusher Vertical Carbon steel
82 E-601 fertilizer Cooler Horizontal pipe Carbon steel
83 E-602 Cooler fertilizer Horizontal pipe Carbon steel
84 G-601 Granulator Horizontal Alloy steel




M19197 35 T18n15aUnIal N3AlN 1: n3dliiugIu (Base Case) (sie)
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No. [TEM FORMAT ‘ NAME EQUIPMENT ‘ TYPE Material
AREA 600 : UREA

85 H-601 Heater Thermal Fluid Carbon steel
86 M-601 Mixing valve - Stainless steel
87 R-601 Urea Reactor Jacketed Agitated Carbon steel
88 R-602 Urea Reactor Jacketed Agitated Carbon steel
89 R-603 Urea Reactor Jacketed Agitated Carbon steel
90 S-601 Screener Rotary Carbon steel
91 TW-601 Tower Sieve Tray Stainless steel
92 TW-602 Tower Sieve Tray Stainless steel
93 TW-603 Tower Packing (304 SS) Carbon steel
94 V-601 Flash vessel Vertical vessel Stainless steel
95 V-602 Flash vessel Vertical vessel Carbon steel
96 V-603 Flash vessel Vertical vessel Stainless steel

M13199 36 518n159UnTal NIV 2: nIllNdnTsHEAWNIUEaIIUAIE (Diesel Co-production)

No. [TEM FORMAT ‘ NAME EQUIPMENT TYPE ‘ Material

AREA 800 : METHANOL
97 C-801 Compressor Centrifugal Carbon steel
98 C-802 Compressor Centrifugal Carbon steel
99 C-803 Compressor Centrifugal Carbon steel
100 C-804 Compressor Rotary Carbon steel
101 E-801 Heat exchanger Shell and tube (Fixed tube) Carbon steel (Shell) / Carbon steel (Tube)
102 E-802 Heat exchanger Shell and tube (Spiral Tube) Carbon steel (Shell) / Stainless steel (Tube)
103 E-803 Heat exchanger Shell and tube (Spiral Tube) Stainless steel (Shell) / Stainless steel (Tube)
104 E-804 Heat exchanger Shell and tube (Fixed tube) Stainless steel (Shell) / Stainless steel (Tube)




M13199 36 518n159UnTAl NIelT 2: nIAlNHNTIHENWNIUEATIUAIE (Methanol Co-production) (s1®)
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No. [TEM NAME TYPE Material
FORMAT EQUIPMENT
105 E-805 Heat exchanger Shell and tube (Fixed tube) Carbon steel (Shell) / Stainless steel (Tube)
106 E-806 Heat exchanger Shell and tube (Fixed tube) Carbon steel (Shell) / Carbon steel (Tube)
107 E-807 Heat exchanger Shell and tube (Fixed tube) Carbon steel (Shell) / Carbon steel (Tube)
108 E-808 Heat exchanger Shell and tube (Fixed tube) Carbon steel (Shell) / Carbon steel (Tube)
109 E-809 Heat exchanger Shell and tube (Spiral Tube) Carbon steel (Shell) / Stainless steel (Tube)
110 H-801 Furnace Reactive reformer furnace Carbon steel (Shell) / Nickel Alloy 625 (Tube)
111 M-801 Mixing valve - Stainless steel
112 M-802 Mixing valve - Stainless steel
113 M-803 Mixing valve - Stainless steel
114 M-804 Mixing valve - Stainless steel
115 P-801 Pump Centrifugal Carbon steel
116 R-801 Methanol reactor Autoclave reactor Stainless steel
117 SP-801 Splitter - Stainless steel
118 V-801 FE-Bed Vertical packed bed Stainless steel
119 V-802 Flash vessel Vertical vessel Stainless steel
120 V-803 AC-Bed Vertical packed bed Stainless steel
121 V-804 Flash vessel Vertical vessel Stainless steel
122 V-805 Absorber Vertical packed column Stainless steel
123 V-806 Flash vessel Vertical vessel Stainless steel
124 V-807 Flash vessel Vertical vessel Stainless steel




M13199 37 518n159UnTal N3Vl 3: nsdlndnisnandiuRaTIuiY (Diesel Co-production)
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No. [TEM FORMAT ‘ NAME EQUIPMENT TYPE ‘ Material

AREA 700 : DIESEL
97 C-701 Compressor Rotary Carbon steel
98 C-702 Compressor Rotary Carbon steel
99 C-703 Compressor Centrifugal Carbon steel
100 C-704 Compressor Centrifugal Carbon steel
101 E-701 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Carbon steel(Tube)
102 E-702 Heat exchanger Shell and tube (Spiral Tube) Carbon steel(Shell) / Stainless steel(Tube)
103 E-703 Heat exchanger Shell and tube (Spiral Tube) Carbon steel(Shell) / Stainless steel(Tube)
104 E-704 Heat exchanger Shell and tube (Fixed tube) Stainless steel(Shell) / Stainless steel(Tube)
105 E-705 Heat exchanger Shell and tube (Fixed tube) Stainless steel(Shell) / Stainless steel(Tube)
106 E-706 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Carbon steel(Tube)
107 E-707 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
108 E-708 Heat exchanger Shell and tube (Fixed tube) Carbon steel(Shell) / Stainless steel(Tube)
109 E-709 Heat exchanger Shell and tube (Spiral Tube) Stainless steel(Shell) / Stainless steel(Tube)
110 FTS-701 Fischer-tropsch Reactor Shell and tube (Fixed tube) Stainless steel(Shell) / Stainless steel(Tube)
111 FTS-702 Fischer-tropsch Reactor Shell and tube (Fixed tube)- Stainless steel(Shell) / Stainless steel(Tube)
112 H-701 Heater Thermal fluid Carbon steel
113 H-702 Furnace Reactive reformer furnace Carbon steel(Shell) / Nickel Alloy 625(Tube)
114 H-703 Heater Thermal fluid Carbon steel
115 M-701 Mixing valve - Stainless steel
116 M-702 Mixing valve - Stainless steel
117 P-701 Pump Centrifugal Carbon steel
118 V-701 FE-Bed Vertical packed bed Stainless steel
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No. [TEM NAME TYPE Material
FORMAT EQUIPMENT

119 V-702 Flash vessel Vertical vessel Stainless steel
120 V-703 AC-Bed Vertical packed bed Stainless steel
121 V-704 Flash vessel Vertical vessel Stainless steel
122 V-705 Flash vessel Vertical vessel Stainless steel
123 V-706 Separator Vertical vessel Stainless steel
124 V-707 Separator Vertical vessel Stainless steel

Y o L3 . oL .
5.2.2 Yanmiunveegunsal (Equipment Specification)
Jormuavesgunsalsng 4 Auasstudiunowmi Fefermuamarillivenveuwanisvhauveaasssufnsal ieidunumslunisaiidsauaddimsienuduly
ag19ilUsEAVEN N TyamiuANuazaunsonsIaaeule

M157199 38 YarvuavasgunsalussANARILNTALYRS

ID-FORMAT C-201 C-202 C-203 C-204 C-205 C-206 C-207
Indicated horsepower [kW] 23.55 1017.41 1116.85 387.38 496.05 489.37 467.23
Calculated brake horsepower [kKW] 24.53 1059.81 1163.39 403.52 516.72 509.76 486.70
Net work required [kW] 24.53 1059.81 1163.39 403.52 516.72 509.76 486.70
Power loss [kW] 0.98 42.39 46.54 16.14 20.67 20.39 19.47
Efficiency (polytropic / isentropic) used 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Calculated discharge pressure [bar] 138.27 3.16 10.00 3.00 9.00 27.00 81.00
Calculated pressure change [bar] 40.73 2.16 6.84 2.00 6.00 18.00 54.00
Calculated pressure ratio 1.42 3.16 3.16 3.00 3.00 3.00 3.00
Outlet temperature [C] 155.50 147.16 187.45 101.15 200.67 202.06 202.96
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Isentropic outlet temperature [C] 151.49 123.75 163.05 83.49 179.92 182.30 185.98
Vapor fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Head developed [m-kgf/kg] 2303.82 11862.70 13022.13 6679.67 8553.46 8438.29 8056.47
Inlet volumetric flow rate [/min] 314.74 362216.46 126436.55 149518.21 64512.83 21179.20 6681.04
Outlet volumetric flow rate [/min] 252.05 155539.32 53602.30 66548.01 28078.57 9269.23 2995.98

asafl 38 dermunvesgUnsailszinmasumsaiyes (de)
ID-FORMAT C-208 C-301 C-302 C-303 C-701 C-702 C-703 c-704
Indicated horsepower [kW] 368.16 243.93 277.22 257.01 0.46 21351 140.73 327.46
Calculated brake horsepower [kW] 368.16 254.10 288.77 267.72 0.48 213.51 140.73 327.46
Net work required [kW] 368.16 254.10 288.77 267.72 0.48 21351 140.73 327.46
Power loss [kW] 0.00 10.16 11.55 10.71 0.02 0.00 0.00 0.00
Efficiency (polytropic / isentropic) used 0.75 0.75 0.75 0.75 0.80 0.80 0.80 0.75
Calculated discharge pressure [bar] 20.00 30.00 90.00 251.01 1.16 3.00 3.00 8.00
Calculated pressure change [bar] 12.00 20.00 60.00 161.01 0.16 2.00 2.00 5.00
Calculated pressure ratio 2.50 3.00 3.00 2.79 1.16 3.00 3.00 2.67
Outlet temperature [C] 206.17 149.91 203.52 195.21 46.45 124.61 168.45 132.34
Isentropic outlet temperature [C] 172.23 121.34 174.51 170.70 43.10 105.82 140.99 101.92
Vapor fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Head developed [m-kgf/kg] 26227.38 19040.39 21638.40 20060.90 1357.61 10244.42 11493.50 23327.82
Inlet volumetric flow rate [/min] 19730.80 8442.11 3194.89 1026.77 145591 82419.40 52354.24 43306.28
Outlet volumetric flow rate [Vmin] 11076.74 3897.91 1483.58 548.17 1323.36 36657.72 25453.92 23312.70




M19197 39 danmunvasgunsaluszinniaiasuaniuasunuiou

ID-FORMAT E-101 E-102 E-103 E-104 E-201 E-202 E-203 E-204 E-205 E-206 E-207 E-208
Heat transfer area [sqm] 5.68 12.00 7.74 67.16 81.38 31.24 57.16 302.51 | 510.29 | 121.47 | 24.02 71.70
Tube material SS SS SS SS SS SS SS SS SS SS SS SS
Tube design gauge pressure [barg] | 0.02 0.02 17.29 0.02 1.29 10.71 6.80 10.71 0.02 0.02 1.29 0.02
Tube design temperature [C] 129.13 | 129.13 | 192.72 | 129.13 | 174.93 | 215.14 | 121.11 | 129.13 | 121.11 | 121.11 | 121.11 | 121.11
Tube operating temperature [C] 37.00 | 37.00 | 4535 | 8260 | 40.00 | 66.53 | 40.00 | 90.00 | 40.00 15.00 | 40.00 | 15.00
Tube outside diameter [meter] 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Shell material CS CS SS SS CS CS cs SS cs cs cS cS
Shell design gauge pressure [barg] | 0.02 0.02 26.43 | 0.02 2.43 10.71 10.71 6.80 0.02 0.02 2.43 0.02
Shell design temperature [C] 129.13 | 129.13 | 192.72 | 129.13 | 174.93 | 215.14 | 121.11 | 129.13 | 121.11 | 121.11 | 121.11 | 121.11
Shell operating temperature [C] 101.36 | 101.36 | 164.95 | 101.36 | 147.16 | 187.36 | 76.53 | 101.36 | 87.15 | 40.00 | 87.14 | 39.00
Tube length extended [meter] 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10
Tube pitch [meter] 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

Number of tube passes

Number of shell passes
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ID-FORMAT E-209 E-210 E-211 E-212 E-213 E-214 E-301 E-302 E-303 E-401 E-402 E-403
Heat transfer area [sqm] 5.98 13.45 12.81 12.48 21.17 1.87 3.77 5.86 31.12 37.69 35.37 68.70
Tube material S S (&) (&) S S SS SS SS SS SS SS
Tube design gauge pressure [barg] | 1.29 6.14 19.29 | 55.69 | 67.26 | 95.78 | 21.29 | 61.99 174.70 | 8.71 8.71 17.29
Tube design temperature [C] 128.93 | 228.44 | 229.84 | 230.74 | 146.61 | 183.28 | 177.69 | 231.30 | 222,99 | 129.13 | 255.43 | 378.80
Tube operating temperature [C] 40.00 40.00 40.00 40.00 15.00 40.00 40.00 40.00 35.00 100.06 | 155.00 | 170.69
Tube outside diameter [meter] 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Shell material S S (&) (&) S S (&) (&) S SS SS SS
Shell design gauge pressure [barg] | 2.43 9.71 29.43 84.04 101.40 | 144.17 | 3243 93.49 262.55 | 5.47 5.71 26.43
Shell design temperature [C] 128.93 | 228.44 | 229.84 | 230.74 | 146.61 | 183.28 | 177.69 | 231.30 | 222.99 | 129.13 | 255.43 | 378.80
Shell operating temperature [C] 101.15 | 200.67 | 202.06 | 202.96 | 118.83 | 15550 | 149.91 | 203.52 | 195.21 | 101.36 | 227.65 | 351.02
Tube length extended [meter] 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10
Tube pitch [meter] 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

Number of tube passes

Number of shell passes
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ID-FORMAT E-501 E-701 E-702 E-703 E-704 E-705 E-706 E-707 E-708 E-709
Heat transfer area [sqm] 3.03 32.35 0.51 7.35 22.07 68.68 7.22 23.11 3.95 0.15
Tube material cS cS SS SS SS SS cs SS SS SS
Tube design gauge pressure [barg] 52.54 0.02 0.02 3.47 243 1.29 5.47 14.62 14.62 0.02
Tube design temperature [C] 121.11 121.11 129.13 180.18 877.78 181.26 160.12 257.78 121.11 129.13
Tube operating temperature [C] 40.00 15.00 101.36 95.00 850.00 15.00 40.00 40.00 15.00 101.36
Tube outside diameter [meter] 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Shell material cS cS Cs Cs SS SS cs cs cs SS
Shell design gauge pressure [barg] 79.31 0.02 0.02 571 2.43 2.43 8.71 2243 2243 0.02
Shell design temperature [C] 121.11 121.11 121.11 180.18 627.78 181.26 160.12 257.78 121.11 121.11
Shell operating temperature [C] 76.91 39.00 25.00 152.41 600.00 153.48 132.34 230.00 38.00 30.00
Tube length extended [meter] 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10
Tube pitch [meter] 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Number of tube passes 1 1 1 1 1 1 1 1 1 1
Number of shell passes 1 1 1 1 1 1 1 1 1 1
st 40 FermuavasgunsnissinniaTestiuuaz iy
ID-FORMAT T-201 P-201 p-401 P-501 P-502 P-503 P-504 p-701
Liquid flow rate [/min] 3,399.26 | 3,113.88 | 137.68 | 423.39 19.07 86.72 111.94 | 53.92
Fluid head [meter] - 9293 84.51 | 843.59 | 867.07 | 653.80 | 62.98 21.35
Fluid specific gravity 0.90 0.99 0.85 0.91 0.84 0.82 0.96 0.96
Design gauge pressure [barg] 1.03 10.71 8.71 79.31 79.31 79.31 7.61 243
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Design temperature [C] 121.11 121.11 121.11 | 121.11 | 121.11 | 121.11 | 121.11 | 121.11
Fluid viscosity [cP] 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Pump efficiency [fraction] 0.75 0.80 0.80 0.80 0.80 0.80 0.70
= v o L3 [
A13199 41 YanmunvesgunIallIsinnng (Vessel)
ID-FORMAT V-201 V-202 V-203 V-204 V-205 V-206 V-701 V-702 V-703 V=704 V-705 V-706 V=707
Shell material SS SS SS SS SS SS SS Cs SS SS SS SS SS
Liquid volume [U 28,147.65 27,522.15 6,672.04 6,672.04 5,404.35 5,404.35 3,269.30 2,401.93 2,401.93 2,401.93 3,269.30 2,401.93 2,401.93
Vessel diameter
2.29 2.29 1.52 1.52 1.37 1.37 1.07 0.91 0.91 0.91 1.07 0.91 0.91
[meter]
Vessel tangent to
tangent height 6.86 6.71 3.66 3.66 3.66 3.66 3.66 3.66 3.66 3.66 3.66 3.66 3.66
[meter]
Design gauge
10.71 10.71 243 1.03 1.03 1.03 1.03 1.03 1.03 243 243 22.43 22.43
pressure [barg]
Design
121.11 121.11 121.11 121.11 21.11 21.11 121.11 21.11 21.11 21.11 21.11 121.11 21.11
temperature [C]
Operating
66.53 90.00 55.00 39.06 7.00 7.00 39.00 7.00 7.00 10.00 10.00 38.00 10.00
temperature [C]




M19197 42 danmuavasgunsaliendn

User tag number R-101 R-102
Shell material cs cs
Liquid volume [U] 7881.34 | 4732.98
Vessel diameter [meter] 13.34 17.46
Vessel tangent to tangent height [meter] | 4.45 5.82
Design gauge pressure [barg] 1.03 1.03
Vacuum design gauge pressure [barg] -1.01 -1.01
Design temperature [C] 121.11 121.11
a919il 43 darmunvasgunsal gas turbine
Inlet Air temperature (K) 570.80
Air pressure (kPa) 800.00
Air flow(kg/hr) 186,937.73
Compressor | Pressure ratio 2.83
Number of stages 3.00
Isentropic efficiency 0.90
Combustor Fuel flow (kg/hr) 3,527.26
Lower heating value (kJ/kg) of natural gas 43,055.40
Turbine inlet temperature (K) 920.70
outlet temperature (K) 557.90
outlet pressure (KPa) 110
Number of stages 3
Stage efficiency (%) 0.8
Performance | Power output (MW) 8.71
Thermal efficiency (%) 37.39
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5.3 auaigudmsun1sAauuNISHER
sununsufuiniswaziunuiiunumddglupnudululimasvgenansvedssiu ns
UfUAnsvedlsanuisununisiiaiingulaann Aussnuddins asisgulan dunuingdu

£%
v

waz AldIglunisintnueade lnusvasiBuauasaunigiuvesiuyuludiusing q uaneld fal

5.3.1. AuSINUUNURNNT

A sulunsUJiRnsUsEnamudeyad1dnuedelsedlaand wiugujuinislulssuaioy

Y

1 696.3 umsatlud [3] Tneduauguiiinissiens (No) fansantaainaunis deluil [1]

Nop = (6.29 + 31.7P? 4 0.23N,,;,)°>

oy P Ao dIuTuREUTAYITBIIUNISINNNTOUNIATBIVBINTY

Ny fia dwnutussuiliferdesiunisdaniseunirvesweuds

< o [y

el Awsanulunsufiansaaesuialannuannues U iRnunmaendndudmiu
n15UfUAn1slssnunaeanad (900 nesial; 1 1u i 3 ng amde TuUHURNMT 300 Fu) AU A1979

[J

UsziUveafufiRnululsanued (696.3 umsadalua [21])
5.3.2. ans1sylaa (Utility required)

o [y a wa 1Y - - ' < v 2 o
anssayUlnadmsuluinislulssnudsenaudie dilunsyuiuns dmaeidu dududa le

1%
Y v a

Wianudum letanudunans leuanudiugs wazlnih dsesuielagazidenld feil
5.3.2.1 Wlunszuluns (Process water)

Wnlunszuiunisiivangd wu iinlddmiuieasdunaneudigidngdmin (anaerobic
digestor) Wnhildlunelauda (stripper) oandnstdiuvesmsusulneanlanluliadinmiiinain
nsudln wazimvasudulounianudusazaamginuanaieiu wWewaniudsumiuseuniely

o & H Y a o w = A o v
szuu el m1thlunseuiunisandmindseniansussdiuasuads dwsudseand 2 fie dnsly

11NN 200 gnurAnlang Fasian 15.81 umsegnuiafiumg [4]

5.3.2.2 vaoidu (Cooling water)

a v

Uwiaaidunligaumaiuidi 30 esrwaidea uazaaumgiivneen 40 srnwalua d1miunis

Y

o 4 [ 1 L3 a 4 J
ilinssuavedlualunssurunmsifuaiiiugunsaiwanildeuninuiou (Heat exchanger) Anun

SIAMNLITANUIVDS Turton [1] A 30.68 UMABANZAA

Y



57

5.3.2.3 Uuudn (Chilled water)

wndudandgamaiudl 5 esrwadea wazaamglivneen 15 ssrwaded dmsunisvi
Tinszuaveslnalunszuiunisduasinugunsaluaniudsuniusou (Heat exchanger) Muunsia

ANUITANUIYDY Turton [1] Aw 388.64 UNABANLIA

Y

5.3.2.4 Lot U (Low pressure steam)

lowaudusfigamgll 101 esral@ed wag ANUAY 1 U1s dmsuniswaniuisuniny
FourugUnsaluaniUdsuausean (Heat exchanger) lasanisil Avualilaifianlddnedmsulen
AMUAUAT L0930 leUIANNA U TUlASINTNIRUALANIR1INLAS B9 Heat recovery steam

generation (HRSG)
5.3.2.5 levhanusuliunans (Medium pressure steam)

lothauaulunansiigamgil 228 sarwalded way ANWAU 5 U1s dmsunisuanildeu
AnufeurugUnsallaniUisuauey (Heat exchanger) lasamsil ivualilidalddedmivle
Wrauaudiunans tenlewianuduuiunarsildlulasinisianualauiainiaseq Heat

recovery steam generation (HRSG)
5.3.2.6 lauAnueiuga (High pressure steam)

lotanuduganaaumail 351 ssrnaadied way Auiy 24 U135 dmsunsuanildsuaiy

FourugUnsalkanldsunuiau (Heat exchanger) 1asanisil Avuabiladialdanedmsuloun
o = H Y q' & v =

ANUAugs iesnlewranudugeildlulasainisiamualauiainiaies Heat recovery steam

generation (HRSG)
5.3.2.7 Ll (Electricity)

Tidrulngnelulssnuldduindouusimesvesta (Pump) LA3838n01A#A (Compressor)
waLnIiy (Turbine) Lﬁaawﬁauwé’wwulﬁ/\lﬁﬂﬁﬁuwé’wuﬂaﬁlugﬂLLUUGU@Nmﬁ%’mwm NV
a Y] v = & A v = & a = ) |
Wasundanuliinveavamseuia weliveanamseuiaaunsaiiuvseananuduluganiiznis
UuRnsndesnisla uanaindl lvhdaldiieduinfouwnIoman (Mixer) Wag LATBI0UWAY (Dryer)
778 uanININHANITTIWl599ULa? Faillwidunilsnaosndnuwazdslimilaaluusuinu 930 MWh 6o
WU 9neny d1usulasenisi 1ssnuliszuunisuanluilinasanudousiu (CHP) tanannszwalwii

asoumguMsldnelulsssnuiasdsialiidos duu AdilinsAnanldaneveasiuih



58

[

5.3.3 Aunuingiy

q

[ a ]

sunuingavdulnginannsvudezyatesuszinndun3d (OFMSW) nlsanunenves

q

lugalssnundauiadnnin ldunu 100 vineediu diunisivan vuae wasvuduivdlenas 3

AuvL 100 umsiediy dvsuayliauyy $1A1 950 umsediu anseInly Wy wenlulluwal 17

LY Y

Funu 15,000 Uwsesiu [12] uenainil Salifpadudmiummhusanduianisueulasonles oy
n3gadulslnsiaudalisiingldvesuindn (ron sponge) fdunu 465 vmsoilaniu
lelasiudalwdnigngadu [6] uasnmsgaduufausuludeseuiuiud (activated carbon) fifuyu
36 UseUaudueslullefigngaty [7] ludauaiednlesues (Reformen) AldFuaUufizendisnan
13ds9UfATeN 60,000 Umsadu [8] wTesiuvesiny (FTS) Aldiussfisolavealunsnd
FIMAT U AT 1,500 vnsienlansy [9] uag Fdn1ds1an wirdu 1.8 vnsienlansy [10] uae
\3esUfnsalismnuea (methanol reactor) finsldfussufasenlnosaviniu 430 vinsedlandy
[22] il MseunaUBnassiiseiideddluutaznszuiunisuanduneanuan XX

5.3.4 anbtaglunisinunveade

Y]

NSNUIEANE A NNINLATEgANanIkaLaILINaaY Ao N1sanUSuIMvaLdurIun1sUTn

=

uazmTIuNdUTeads nMnfivdeainniviin (digestate) Wuveadsddyainnszurunisndin dad
A1 uganardosnisouuiadisauieu neudiazueiiulde elinszuaunisniswdn
Uizam%mwmﬁqm Fauhvesmanfidesinnisngdn (liquid digestate) aundulussdamsin Weile
MeTnandoufuiiifu (make-up water) itoSnwaunassinendazreavaimuiideanis
MnmsAn wud dasnuuuldldesndauiiufiinsienmsldveavanundy fusnaufadvu
Tuufadnmnnnidmdnuuulilfesndiauiiufifinislaglifinsldveananiundu (5] uenani
Faseuin msnanutatanmiiviuvdsusasmmsunduvesvenanfiudeainnisviin Gous

Fogay 0 09 60 Uy damdnUJURNIIMENITIUNTUVRIVRLUAINWABIINNIVLNS B Ay 60 WEN

! LY v

wiadinmlagengn Wesnydunidngniawnamluvesvainmaeannisudnddiugiensisusiu

Y

V93U ATe19aUnIduazvandedunidanyidy Aty 1asan1steauNAgIvINveamaIiiuaean

nsvdnseeay 60 axgniundunildluaiiunisnses uaglidenldanedwiunisnseaiiesaininis

(%
a Y

ANAILATDINTDI AIUVDWNAINLVADST DAY 40 NEBNUINSDUNUNINTNMABINNNITULINTLNRLLALNNS

suwidlunszuiunsandesioly uaznisundnveadedinanduselfiseniloudifisnan 1,080 vm

]

Y

foRu [12]
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[

Tulasenisil Waunislunisawinsuyunisuds (COM) [1] Aail:

COM=0.180*FCI+2.73*Cor+1.23(Cur+Cwr+CrM)

=

oy FCl fie Ruasyued

Co. Ao Awseudfusnis
Cru  FB Auyuingdu
Cur Ao suyuanssayulag

Cwr @@ AtganglunsinUnveade

5.4. auudgrudmsusgldannisviendniue
Aelulssnuaziinsindadugiainnszuiunissie 9 lWdwmie laun asveulaeenlaa
dnsuifiunstnduresigiu ufadinmdude tfufiea Tuih 9o wnuea Tethdus was ey
3y Meandoauandld dail
5.4.1 msuouleenlesdmuiiunisiinduvesiisi (CO,-EOR)
afuaulaeenludiidundnfusinanassldnnmsudaufaivudinm Gddannszuiunis
lauRalunelaufia (stripper) avulsuanmiielimunzaudmsunsiivldlunssuunisidiung
thnduvesinsiu Aefl gaugl 21 ssewaldea way ANudu 97.5 Uns TaofuuasAn 128331 U
AaLumINGAU [15]
5.4.2 uiiainmdusn (CNG)
ufadinmiiiiunszurunsihuiavduasiidndruvesiivunuifvue asianduanim
dielianzandmsun1sue flgamall 30 ssrnwalea wag ANNFY 250 U3 FBs1A 16 Vs
Alan3u (9198amus1Atane)
5.4.3 1hifufiwa (Diesel)
ufadinmainnszurunsusin fignuadia LUﬁlaugULﬁuﬁwﬁuﬁma flgaumgil 30 ssmiwaLdea
uay ALY 1 U d51ane 28.80 uwdedns lnedadsansimussimalngluiud 8 nuawus
W.A. 2564 [14]
5.4.4 1¥ (Electricity)
aelulssnuagiinisnelaihdaemdannndy 3 wnngtadlunsdiiugiu nsdindaumuea
Sruuaznsananfieati (60:40) AuiUsENMAnuEnTIINTUsEAAdmURINMINd g M3y
UssLavmyudsuainvezsaen1sdansuuuNanaIy iy 2.7384 umseAlatnddalu (201 Tu
nsdindnia (50:50) Melnlihvheidsesndt 3 wnngind s1A1 4.5 vndelainddalus (81584
musatangd) uaglunsandsfia (40:60) elwisieidsdosndt 1.5 wnngdnd 511 5.5 UM

| a o €U Y a ¢
ANLAIRATILLG (91999R1U51ALaNg)
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5.4.5 g (Fertilizer)

JoFrnmililuveudsiivionnnszurumesindminglusia 1,065 vmdenlaniu lnedl
Aldaelunsussgns 150 vwseRlansy fadu Seanunsadwinetednanlalusia 9155 vin
Aanlansy [16]

5.4.6 wvuea (Methanol)

a

wfiadininainnszuiunmsvdn fgnundn wWasuguduwmiuea Ngamgll 8 sarwadya
AL 1 uns Imeldlusian 12900 vmsieilansu [17]
5.4.7 le1ndud (Saturated steam)

a

ihlotilléinssuu HRSG figungfl 101 ssrwaldoa way ALy 1 un§ fsransne
985.75 UMABLUAINGAL [18]
5.4.8 Jeei3y (Urea fertilizer)

asuaulasenlediiiiunszuiunisdsusuilugise Smunelalusin 10,890 vinsie
LuRINFU [19]

Tudrudasfunisedusenadwsveansdnuiiommn fuieauazusznoudae doya
Altd1elun1asnu (investment Cost Summary) Yoyasnglaainn1saniunis (Revenue) uag

v 6 a ¢ a s . .
NAAWSANNNITIATIZNLYILATYFANERT (Economic Analysis)

5.5. Investment Cost Summary

Aldaglunisamuudseandu Wuamugunsal (Capital cost) waziduasuaniunis
(Manufacturing cost)
5.5.1 Capital Cost

Fuasugunsal TaevdnazAndudnaiesdng (Equipment cost) uansfansnsil 44 Tnes
auiinandlunissfesaresAiaiosdnsTiuARnRd 98 Turton [1] MeasBeanisduin
AATesdnsuanslunIANLIN A 99NA1519WUIT 1A3899nTUTELAN Compressor Wag Anaerobic
Digester Anduiuawundnvesanaisadnslunnnsddnur 91nans19#l 44 wuin 1e3es Absorber
Tunsdifinnitugiusangeitan esanufatannilesnandminidiaiosiomn indes Activated
Carbon Beds WagLA3ad Iron Oxide Beds lunsdifnwfiugiumamiian esanlaifinssuiuns
Usuusaufadanindmiunsnantifufisauasumiuea 1ies Compressor lunsdi@numdnumn
usasIAgefian LilesanlunszurumsusuanimuAatanmneudngiaios Methanol reactor 91
Ay 1 115 Wu 45 Und Ledes Gas Turbine way HRSG NIdiAnwIHAnALwa (40:60) T1AANTign
doswniivimnaufaTnmilluaditioniian dwalilnihiindsldanas Snsanudoudiing HRSG

9ana4



ms’mﬁ 44 Equipment Cost Summary

Unit

Bare Module Cost (Million Baht)

Diesel Case | Diesel Case | Diesel Case
Base Case | Methanol Case

(60:40) (50:50) (40:60)

Absorber 19.91 14.53 14.53 14.53 14.53

Anaerobic Digesters 290.37 290.37 290.37 290.37 290.37
Activated Carbon Beds 5.74 7.71 7.71 7.71 7.71

Compressors 389.93 450.50 383.86 398.43 411.52
Conveyers 2.04 2.04 2.04 2.04 2.04
Crusher 0.04 0.04 0.04 0.04 0.04
Fans 0.01 0.01 0.01 0.01 0.01
Fertilizer Cooler 0.04 0.04 0.04 0.04 0.04
Flash Vessels 46.56 50.86 44.69 44.69 44.69
FTS-Reactor - - 38.20 38.20 38.20
Furnaces 0.56 0.56 0.56 0.70 45.24

Gas Turbine 186.89 186.89 186.89 162.52 135.38
Granulator 18.32 18.32 18.32 18.32 18.32
Heater 46.25 46.25 56.39 53.58 17.82

Heat exchangers 200.34 171.73 170.32 174.56 180.42
HRSG & control system 46.29 46.29 46.29 40.59 33.81
Iron Oxide Beds 5.82 7.85 7.85 7.85 7.85

Methanol reactor - 53.29 - - -

Mixers 19.99 19.99 19.99 19.99 19.99
Mixing valve 6.72 14.92 7.83 7.83 7.83
Pumps 6.35 6.31 6.31 5.87 523
Reformers - 37.76 56.98 56.98 56.98
Rotary Dryer 0.61 0.61 0.61 0.61 0.61
Screener 0.72 0.74 0.74 0.74 0.74
Screw press 2.58 2.58 2.58 2.58 2.58

61
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157471 44 Equipment Cost Summary (@)

Bare Module Cost (Million Baht)
Unit

Base Case Base Case Base Case

Separators - - 6.25 6.25 6.25

Splitter 592 0.40 0.23 0.23 0.23

Towers 6.76 6.76 6.76 6.76 6.76

Turbine 12.01 12.01 11.83 10.48 8.94

Urea reactors 5.22 5.22 5.22 5.22 5.22
Sum of Bare Module Cost | 1,335.96 | 1,463.71 | 1,402.75 | 1,386.32 | 1,378.66
Fixed Capital Cost 1,581.85 | 1,732.61 | 1,660.67 | 1,641.28 | 1,632.24

5.5.2. Manufacturing Cost

Ruasuaniunsusgneume Aringau (Raw materials) as1saydlna (Utility) Urdnues
e (Waste treatment) uazusaan (Labon) fauandlun1snsd 45-50 s1eazidennsAuinuiuasmu
dufunsusazaruuanslunianuan B 25 45-46 wuin A1ingfAu Activated Carbon way
Iron Sponge asnsdiAnwIR ugIuARaalosaniinisldifedunssuiunisusulgmauninuia
arsuaulaeenladifiensoudniunssmineutan fuoulaoonleditoiunsinduinfu uas
Reformer Catalyst ¥0ensal@nuwindniumiueagsian 1iosndsnsinisinadslunsvesuia
Fanmiiterdsudulumusaminniifiea 9Inassil 47 wuin mmmi%ﬂimﬁ;’nﬁu%’m (Chilled
water) n3dlfnunndnfiea (40:60) gsiian iosaindinnsldlunisuaniuasuainuiouduind e
waniasuanudeulunszurunisndafiwanarlunszuiunisiinsfudautadaningady e

] . g & a o a A o A v
a1ssayUlamt iy (Cooling water) ndlAnwnugugeian ieasndusiauiagdinmiluaing

U = 3 1 < [24 3 L3 - a 1 1
nszvIumMsUTulssnanmied e duuianisueulneenlenguniign 3nm151ei 47 wudn e
anssagUlnatlunszuiunis (Process water) nsdlfnwwdniunueageiign \esanlunszuiunis

HamMueainisiinduvesiluddwiintesan



A15199 45 Raw Materials Cost Summary
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Raw Materials Cost (Million Baht/year)
Name . B )
Base Case Methanol Case Diesel Case Diesel Case Diesel Case
(60:40) (50:50) (40:60)
Activated Carbon 40.03 43.03 43.03 43.03 43.03
Ammonia Anhydrous 183.83 183.83 183.83 183.83 183.83
Cassava 21.77 21.77 21.77 21.77 21.77
FTS Catalyst - - 1.13 1.13 1.13
= .
19199 46 Raw Materials Cost Summary
Raw Materials Cost (Million Baht/year)
Name Base Case Methanol Case Diesel Case Diesel Case Diesel Case
(60:40) (50:50) (40:60)
Iron Sponge 9.04 12.06 12.06 12.06 12.06
Methanol Catalyst - 1.04 - - -
OFMSW 9.73 9.73 9.73 9.73 9.73
Reformer Catalyst - 0.06 0.03 0.03 0.03
Wood chip - - - - 1.51
Total cost of
264.39 271.52 271.58 271.58 272.73
Raw material
= .-
M990 47 Utility Cost Summary
Utility Cost (Million Baht/year)
Name Base Case Methanol Case Diesel Case Diesel Case Diesel Case
(60:40) (50:50) (40:60)
Chilled Water 56.71 63.59 72.30 73.59 74.89
Cooling Water 15.70 14.60 13.43 13.63 13.97
Process Water 4.13 6.20 6.13 5.44 4.46
Total cost of Utility 78.66 83.39 91.86 92.66 93.31




m‘s'Nﬁ 48 Cost of Waste Treatment

64

Waste Treatment Cost (Million Baht/year)

Name Methanol Diesel Case Diesel Case Diesel Case
Base Case
Case (60:40) (50:50) (40:60)
Spent packed disposal - 32.40 13.30 13.30 13.30
Total cost of Waste
- 32.40 13.30 13.30 13.30
treatment
M15997 49 Cost of Operating Labor
Operating Labor Cost (Million Baht/year)
Name Base Case Methanol Diesel Case Diesel Case Diesel Case
Case (60:40) (50:50) (40:60)
Total cost of Operating
47.07 47.07 47.07 47.07 47.07
labor
miwﬁi 50 Operating cost summary
Operating Labor Cost (Million Baht/year)
Name Base Case | Methanol Diesel Case Diesel Case Diesel Case
Case (60:40) (50:50) (40:60)
Cost of raw material 264.39 271.52 271.58 271.58 272.73
Cost of Utility 78.66 83.39 91.86 92.56 93.31
Cost of waste treatment | - 32.40 13.30 13.30 13.30
Cost of operating labor | 47.07 47.07 47.07 47.07 a7.07
Cost of manufacturing 835.19 917.95 893.14 890.64 891.23




5.6 Revenue

a13991 51 Wunsasusesuiiliainnisvesianisuveulaeenlednldiiedinnisuinduvesingdu (CO,EOR) ufiainingndn (CNG) unsiu

il Jevildunannisudn (Fertilizer) Jogi3e (Urea fertilizer) wmuea laungusn

A1519% 51 Revenue

¥
%

¥
o w

=l
4

Carbon dioxide-EOR CNG Diesel Electricity
Case Capacity | Revenue Capacity Revenue Capacity Revenue Capacity Revenue
(MT/hr) | (MBaht/year) | (MT/hr) (MBaht/year) | (L/hr) (MBaht/year) | (MWh) (MBaht/year)
nsei 1 nsdifugnn | 18.28 168.91 4.45 513.02 - - 5.45 107.47
nsdif 2 nsddfidngg | 14.03 | 129.63 2.60 299.70 . - 5.32 104.93
NARLUVIUOATINAY
N3aIf 3.1 n3dAifing | 14.03 129.63 2.60 299.70 1,537.89 318.90 6.29 124.08
NAmsTURIaT LY
(60:40)
37 3.2 n3difidnas | 14.03 129.63 3.53 406.34 1,537.89 318.90 2.82 91.24
NAmTsTURIaTILRe
(50:50)
N3aIf 3.3 n3dAifing | 14.03 129.63 4.45 512.99 1,537.89 318.90 0.41 16.37
NAmsTuRIaT LY
(40:60)
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M1519% 51 Revenue (#1d)
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Fertilizer Methanol Saturated steam Urea fertilizer
Case Capacity Revenue Capacity Revenue Capacity Revenue Capacity Revenue
(MT/hr) (Baht/year) (MT/hr) (Baht/year) | (MT/hr) (Baht/year) | (MT/hr) (MBaht/year)
NSl 1 nsdifugnn | 3.94 23.52 - - 20.03 142.17 3.00 235.22
nsdf 2 nsdififinng | 3.94 23.52 2.95 301.93 18.25 129.5 3.00 235.22
mﬁmumuaaéméﬁa
nsdif 3.1 nsdINd | 3.94 23.52 - - 19.98 141.8 3.00 235.22
N1SWERUTUR LYa
5268 (60:40)
nsdif 3.2 nsd@Ad | 3.94 23.52 - - 13.16 93.44 3.00 235.22
N1SWARUTUR LYa
591A2Y (50:50)
nsdif 3.3 nsdINd | 3.94 23.52 - - 6.19 43.9 3.00 235.22
NSWERUTUR LYa
S9UAY (40:60)




Anwanuanansalun1sviiiils (Profitability) aeslunsaznsdl@nw lneazviausiunin
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nszlaluanaauniin1sUunnis 20 U dsiliiudsgun 15-19
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nizﬁﬁugﬂu (Base Case)

Y

A15197 52 HAaaN5Ua9 Economic Analysis

Cost of Land (Baht)

994,000.00

Working Capital (Baht)

237,129,005.68

Fixed Capital Investment (Baht)

1,581,854,037.85

Total Capital Investment (Baht)

1,818,983,043.53

Revenue (Baht/year)

1,190,324,512.02

Cost of Manufacturing (Baht/year)

835,190,874.70

a51497i 53 Haawswas Profitability Analysis

Net Present Value (Baht)

609,502,549.67
Discounter Cash Flow Rate of Return 15.26%
Discounted Payback Period (years) 9.69

Cumulative CFD for Discourted After-Tax Cash Flows

1000

500

-500

-1000

Discounted Cash flow ( Baht)

-1500

-2000

10 15

Time after project start (years)

20

31]17; 15 Discounted Cumulative Cash Flow Diagram
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M13519% 54 Discounted Cash Flow ¥asnsaifinwinugIu

68

End of Investment FCl - d(k) Revenue COM After-Tax Cash Flow Cash Flow Discounted Cash Flow Cumulative Discourted Cash
Year (k) (MBaht) o0 (MBaho (MBaht) (MBaht) (Mbaht) (MBaht) (MBaht) (MBaht) Flow (Mbaht)
0 1,818.98 - 1,580.86 - - - - 1,818.98 - 1,818.98 - 1,818.98
1 - 316.17 1,264.69 1,190.32 835.19 341.50 341.50 310.45 - 1,508.53
2 - 505.88 758.81 1,190.32 835.19 407.89 407.89 337.10 - 1,171.43
3 - 303.53 455.29 1,190.32 835.19 337.07 337.07 253.25 - 918.18
[ - 182.12 273.17 1,190.32 835.19 294.58 294.58 201.20 - 716.98
5 - 182.12 91.06 1,190.32 835.19 294.58 294.58 182.91 - 534.07
6 - 91.06 0.00 1,190.32 835.19 262.71 262.71 148.29 - 385.78
7 - - - 1,190.32 835.19 230.84 230.84 118.46 - 267.33
8 - - - 1,190.32 835.19 230.84 230.84 107.69 - 159.64
9 - - - 1,190.32 835.19 230.84 230.84 97.90 - 61.74
10 - - - 1,190.32 835.19 230.84 230.84 89.00 27.26
11 - - - 1,190.32 835.19 230.84 230.84 80.91 108.16
12 - - - 1,190.32 835.19 230.84 230.84 73.55 181.71
13 - - - 1,190.32 835.19 230.84 230.84 66.87 248.58
14 - - - 1,190.32 835.19 230.84 230.84 60.79 309.37
15 - - - 1,190.32 835.19 230.84 230.84 55.26 364.63
16 - - - 1,190.32 835.19 230.84 230.84 50.24 414.86
17 - - - 1,190.32 835.19 230.84 230.84 45.67 460.53
18 - - - 1,190.32 835.19 230.84 230.84 41.52 502.05
19 - - - 1,190.32 835.19 230.84 230.84 37.74 539.79
20 238.12 - - 1,190.32 835.19 230.84 468.96 69.71 609.50




NSAANYINAALUNIUBA3IY (Methanol Co-production case)

A15197 55 NAANWSVBY Economic Analysis

Cost of Land (Baht) 3,000,000.00
Working Capital (Baht) 259,440,782.89
Fixed Capital Investment (Baht) 1,729,605,219.28
Total Capital Investment (Baht) 1,992,046,002.17
Revenue (Baht/year) 1,224,436,414.86
Cost of Manufacturing (Baht/year) 917,989,267.55

a51497i 56 HaaWSVDY Profitability Analysis

Net Present Value (Baht) 210,888,742.35
Discounter Cash Flow Rate of Return 11.74%
Discounted Payback Period (years) 14.94

Cumulative CFD for Discourted After-Tax Cash Flows

500

-500
-1000

-1500

-2000

Discounted Cash flow ( Baht)

-2500

Time after project start (years)

gﬂﬁ 16 Discounted Cumulative Cash Flow Diagram



A15199 57 Discounted Cash Flow va4nsaifneuantuniuaasu

End of d(k) FCI - dlk) Revenue COM After-Tax Cash Cash Flow Discounted Cash Cumulative Discounted
Year (k) investment (MBaht (MBaht) (MBaht) (MBaht) (Mbaht) Flow (MBaht) (MBaht) Flow (MBaht) Cash Flow (Mbaht)
0 1,992.05 - 1,729.61 - - - -1,992.05 -1,992.05 -1,992.05
1 - 345.92 1,383.68 1,224.44 917.99 320.26 320.26 291.15 -1,700.90
2 - 553.47 830.21 1,224.44 917.99 39291 39291 324.72 -1,376.18
3 - 332.08 498.13 1,224.44 917.99 315.42 315.42 236.98 -1,139.20
il - 199.25 298.88 1,224.44 917.99 268.93 268.93 183.68 - 955.52
5 - 199.25 99.63 1,224.44 917.99 268.93 268.93 166.98 - 788.54
6 - 99.63 0.00 1,224.44 917.99 234.06 234.06 132.12 - 656.42
7 - - 0.00 1,224.44 917.99 199.19 199.19 102.22 - 554.20
8 - - 0.00 1,224.44 917.99 199.19 199.19 92.92 - 461.28
9 - - 0.00 1,224.44 917.99 199.19 199.19 84.48 - 376.80
10 - - 0.00 1,224.44 917.99 199.19 199.19 76.80 - 300.00
11 - - 0.00 1,224.44 917.99 199.19 199.19 69.82 - 230.19
12 - - 0.00 1,224.44 917.99 199.19 199.19 63.47 - 166.72
13 - - 0.00 1,224.44 917.99 199.19 199.19 57.70 - 109.02
14 - - 0.00 1,224.44 917.99 199.19 199.19 52.45 - 5657
15 - - 0.00 1,224.44 917.99 199.19 199.19 47.68 - 8.88
16 - - 0.00 1,224.44 917.99 199.19 199.19 43.35 34.47
17 - - 0.00 1,224.44 917.99 199.19 199.19 39.41 73.87
18 - - 0.00 1,224.44 917.99 199.19 199.19 35.83 109.70
19 - - 0.00 1,224.44 917.99 199.19 199.19 32.57 142.27
20 262.44 - 0.00 1,224.44 917.99 199.19 461.63 68.62 210.89
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nslNAnRLYas3M (60:40) (Diesel Co-production case)

A15197 58 HAANWSVBY Economic Analysis

Cost of Land (Baht)

1,096,000.00

Working Capital (Baht)

248,935,976.43

Fixed Capital Investment (Baht)

1,660,669,176.19

Total Capital Investment (Baht)

1,909,605,152.62

Revenue (Baht/year)

1,272,848,358.45

Cost of Manufacturing (Baht/year)

893,137,400.31

A15197t 59 nadwSUas Profitability Analysis

Net Present Value (Baht) 677,970,892.80
Discounter Cash Flow Rate of Return 15.56%
Discounted Payback Period (years) 937

Cumulative CFD for Discourted After-Tax Cash

Flows

1000

500

-500
-1000

-1500

-2000

-2500

Discounted Cash flow ( Baht)

15

Time after project start (years)

;J‘Uﬁ 17 Discounted Cumulative Cash Flow Diagram
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M15719% 60 Discounted Cash Flow ¥a4nsalAnwnanfwasay (60:40)

End of Investment d(k) Revenue COM After-Tax Cash Cash Flow
FCl - d(k) Discounted Cash Cumulative Discourted Cash
Year (k) (MBaht) (MBaht) (MBaht) (Mbaht) Flow (MBaht) (MBaht)

(MBaht) Flow (MBaht) Flow (Mbaht)
0 1,909.61 - 1,659.57 - - - -1,909.61 -1,909.61 - 1,909.61
1 - 331.91 1,327.66 1,272.85 893.14 362.98 362.98 329.98 - 1,579.62
2 - 531.06 796.60 1,272.85 893.14 432.68 432.68 357.59 - 1,222.03
3 - 318.64 477.96 1,272.85 893.14 358.34 358.34 269.22 - 952.81
4 - 191.18 286.77 1,272.85 893.14 313.73 313.73 214.28 - 738.53
5 - 191.18 95.59 1,272.85 893.14 313.73 313.73 194.80 - 543.73
6 - 95.59 0.00 1,272.85 893.14 280.27 280.27 158.20 - 385.53
7 - - - 1,272.85 893.14 246.81 246.81 126.65 - 258.87
8 - - - 1,272.85 893.14 246.81 246.81 115.14 - 143.73
9 - - - 1,272.85 893.14 246.81 246.81 104.67 - 39.06
10 - - - 1,272.85 893.14 246.81 246.81 95.16 56.10
11 - - - 1,272.85 893.14 246.81 246.81 86.51 142.60
12 - - - 1,272.85 893.14 246.81 246.81 78.64 221.25
13 - - - 1,272.85 893.14 246.81 246.81 71.49 292.74
14 - - - 1,272.85 893.14 246.81 246.81 64.99 357.73
15 - - - 1,272.85 893.14 246.81 246.81 59.08 416.82
16 - - - 1,272.85 893.14 246.81 246.81 53.71 470.53
17 - - - 1,272.85 893.14 246.81 246.81 48.83 519.36
18 - - - 1,272.85 893.14 246.81 246.81 44.39 563.75
19 - - - 1,272.85 893.14 246.81 246.81 40.36 604.11
20 250.03 - - 1,272.85 893.14 246.81 496.84 73.85 677.96

*After Tax Cash Flow = (R — COM - d(k) ) x (1-t) + d(
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nsalNAnRLYa33Y (50:50) (Diesel Co-production case)

A15197 61 WAANSVBY Economic Analysis

Cost of Land (Baht) 1,096,000.00
Working Capital (Baht) 246,027,373.75
Fixed Capital Investment (Baht) 1,641,278,491.66
Total Capital Investment (Baht) 1,887,305,865.41

Revenue (Baht/year)

1,298,290,831.20

Cost of Manufacturing (Baht/year) 890,637,584.72

A151991 62 NAGWSDA Profitability Analysis

Net Present Value (Baht)

849,217,411.61

Discounter Cash Flow Rate of Return 16.93%

Discounted Payback Period (years) 8.24

73

Cumulative CFD for Discourted After-Tax Cash Flows

1000

500

P

-500

-1000

-1500

-2000

Discounted Cash flow ( Baht)

-2500

Time after project start (years)

gﬂﬁ 18 Discounted Cumulative Cash Flow
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A15719% 63 Discounted Cash Flow ¥a4nsalAnwnanfwasay (50:50)

End )
of | Investment d(k) FCl - d(k) Piscounted Cumulative Discourted
Revenue (MBaht) | COM (Mbaht) | After-Tax Cash Flow (MBaht) | Cash Flow (MBaht) Cash Flow
Year (MBaht) (MBaht) (MBaht) Cash Flow (Mbaht)
(MBaht)

(k)
0 1,887.31 - 1,640.18 - - - -1,887.31 -1,887.31 -1,887.31
1 - 328.04 1,312.15 1,298.29 890.64 379.79 379.79 345.26 -1,542.04
2 - 524.86 787.29 1,298.29 890.64 448.68 448.68 370.81 -1,171.24
3 - 314.92 472.37 1,298.29 890.64 375.19 375.19 281.89 - 889.35
4 - 188.95 283.42 1,298.29 890.64 331.11 331.11 226.15 - 663.20
5 - 188.95 94.47 1,298.29 890.64 331.11 331.11 205.59 - 457.61
6 - 94.47 0.00 1,298.29 890.64 298.04 298.04 168.24 - 289.37
7 - - 0.00 1,298.29 890.64 264.97 264.97 135.97 - 153.40
8 - - 0.00 1,298.29 890.64 264.97 264.97 123.61 - 29.79
9 - - 0.00 1,298.29 890.64 264.97 264.97 112.38 82.59
10 - - 0.00 1,298.29 890.64 264.97 264.97 102.16 184.75
11 - - 0.00 1,298.29 890.64 264.97 264.97 92.87 277.62
12 - - 0.00 1,298.29 890.64 264.97 264.97 84.43 362.05
13 - - 0.00 1,298.29 890.64 264.97 264.97 76.75 438.80
14 - - 0.00 1,298.29 890.64 264.97 264.97 69.78 508.58
15 - - 0.00 1,298.29 890.64 264.97 264.97 63.43 572.01
16 - - 0.00 1,298.29 890.64 264.97 264.97 57.67 629.68
17 - - 0.00 1,298.29 890.64 264.97 264.97 52.42 682.10
18 - - 0.00 1,298.29 890.64 264.97 264.97 47.66 729.76
19 - - 0.00 1,298.29 890.64 264.97 264.97 43.33 773.09
20 247.12 - 0.00 1,298.29 890.64 264.97 512.10 76.12 849.21

*After Tax Cash Flow = (R = COM - d(k) ) x (1-t) + d(k)
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NslNANRLYa3IY (40:60) (Diesel Co-production case)

A15197 64 HAANSVBY Economic Analysis

Cost of Land (Baht)

1,096,000.00

Working Capital (Baht)

244,672,315.49

Fixed Capital Investment (Baht)

1,632,244,769.94

Total Capital Investment (Baht)

1,876,917,085.43

Revenue (Baht/year)

1,280,541,235.49

Cost of Manufacturing (Baht/year)

891,226,290.04

#1579 65 WaANWSVB Profitability Analysis

Net Present Value (Baht)

755,479,082.66
Discounter Cash Flow Rate of Return 16.25%
Discounted Payback Period (years) 8.80

Cumulative CFD for Discourted After-Tax Cash

1000

500

-500

-1000

-1500

-2000

Discounted Cash flow ( Baht)

-2500

Flows

15

20

Discounted Cash flow ( Baht)

gﬂﬁ 19 Discounted Cumulative Cash Flow
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M15719% 66 Discounted Cash Flow ¥a4nsalAnwnanfwasay (50:50)

76

End of Investment d(k) FCl - d(k) Revenue CcOM After-Tax Cash Flow Cash Flow Piscounted Cumulative Discourted
Year (k) (MBaht) (MBaht) (MBaht) (MBaht) (Mbaht) (MBaht) (MBaht) Cash Flow Cash Flow (Mbaht)
(MBaht)
0 1,876.63 - 1,629.24 - - - -1,876.63 -1,876.63 -1,876.63
1 - 325.85 1,303.40 1,280.54 891.23 367.10 367.10 333.73 -1,542.90
2 - 521.36 782.04 1,280.54 891.23 435,53 435.53 359.94 -1,182.96
3 - 312.81 469.22 1,280.54 891.23 362.54 362.54 272.38 - 910.58
4 - 187.69 281.53 1,280.54 891.23 318.75 318.75 217.71 - 692.87
5 - 187.69 93.84 1,280.54 891.23 318.75 318.75 197.92 - 494.95
6 - 93.84 0.00 1,280.54 891.23 285.90 285.90 161.38 - 33357
7 - - 0.00 1,280.54 891.23 253.05 253.05 129.86 - 203.71
8 - - 0.00 1,280.54 891.23 253.05 253.05 118.05 - 85.66
9 - - 0.00 1,280.54 891.23 253.05 253.05 107.32 21.66
10 - - 0.00 1,280.54 891.23 253.05 253.05 97.56 119.22
11 - - 0.00 1,280.54 891.23 253.05 253.05 88.69 20791
12 - - 0.00 1,280.54 891.23 253.05 253.05 80.63 288.55
13 - - 0.00 1,280.54 891.23 253.05 253.05 73.30 361.85
14 - - 0.00 1,280.54 891.23 253.05 253.05 66.64 428.48
15 - - 0.00 1,280.54 891.23 253.05 253.05 60.58 489.06
16 - - 0.00 1,280.54 891.23 253.05 253.05 55.07 544.14
17 - - 0.00 1,280.54 891.23 253.05 253.05 50.07 594.20
18 - - 0.00 1,280.54 891.23 253.05 253.05 45.51 639.72
19 - - 0.00 1,280.54 891.23 253.05 253.05 41.38 681.09
20 247.39 - 0.00 1,280.54 891.23 253.05 500.44 74.39 755.48
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‘U‘Vl‘i7‘i 6 GHG Emission
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$983uNs1sA (Infrared) AdIN1LAINITINUEITANANAIDIAAE AR NOUVINNISUAAUADENAII1Y
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AanameanuntuUvesnuTou Fuililaniiin “a1dzSaunszan” uwiaseunssaniid1day tauwn
msuaulneanlen Ty lunsasenled wag nquuiiangessiun (nquailarsuau) Mnuuiliuns
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dndsnauiaseunseanludagtudsasiiiudely nansenuainanglanseuwasnisilisunlas

o

anmgiienniensuussduluewian ddiTinvainraivaieiugsindayed selasunansenuain

AMgIngeiliintuil ageldansavanuila n1susuiuazriiuunsvesdsdslitiiniaasldssez i
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Juwawl gnisdliAntunelugidinvesuysd Fannvilidnseenamunefnisduanveasniugle

6.1. N13ANUIUNITAALAHITOUNTZAN
nsAUINUSHIMNsanLAdlsaunsEanaINN1eluls LA ANINEIUAINTBIN1SUaRY WA

13aUNsTINtUNIAIgIU (Baseline emission: BE) kagNasInvaIn1sUasskiasounszanainnisaiiiy

1A79n13 (Project emission: PE) fiv n1sUasulAdliounizanuanv9ulunlasinig (Leakage: LE)?

fadunsN (1)

GHG Emission Reduction Baseline emission ) Project emission +

(tCO.e/yr) (tCO.e/yr) Leakage (tCO,e/yr)

a0

uRadeunszanuaazaiaiadneninlunisiililanfouuandeiu fadu Tunnsiuon
Usmaufadounsyanlulasanisidiimmmdutuadsuiuiansveulneenles Taoen
dnannlunisviliiinnnglandouvesuiausazeiialuiinu (Global Warming Potential: GWP)
dmiuardnennlunisiiinn1:lansous1989nIuII8UTIAULNTTUNITTENINGFUIAINIENTS
L‘LJ?{EJuLLIJaQamWQﬁmmﬁ (Intergovernmental Panel on Climate Change: IPCC) fauanin1s147
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A15199 67 Ardnan nlunisyiliianiazlandauvestidisaunssanuiazsiia

wiasaunszan gasiadl AfnanmlunsviliAnnelanseulugiaiat 100 U
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A15199 68 AFNENIWIUNISTINANANI2Elan3auvBAFISaUNSTANUAAZYTA

78

wiaTeunI¥an gasiadl Ardnennlunsviliinniglandeulutiaian 100 U
lunSaeenlun N,O 310 298 265
lalasvigealsansueu | HFCs 140-11,700 | 124-14,800 | 4-12,400
Woeivlgesalsansuau PFCs 6,500-9,200 | 7,390-12,200 | 6,630-11,000
Falesianvengoalsn | SFe 23,900 22,800 23,500
lulasiaulasngeslsd | NF; - 17,200 16,100
a1519t 69 MdsnisudatvinateTulseeu
Power Generation (kWh)
nsdif 1 nsdl | nsdif 2 nsdl [ nsal v 3.1 | nsalv 3.2 |nsalvT 3.3

_ Wugu ffinnswani [ nsal 7 0015 | nsdAfnng | nsal 7 dn0s
ot NIUBATAIN | HE AUTY | NS AUTY | 0d Au Ty
td ALYATINAY | ALFATINAIY | ALYATINAY
(60:40) (50:50) (40:60)
Gas Turbine 10,991.77 10,993.71 10,993.71 8,708.21 6,422.72
HRSG 6,362.84 6,451.75 6,451.75 5,110.49 3,769.23
Total 17,354.61 17,445.45 17,445.45 13,818.70 10,191.96

A157199% 70 n1sanasvaenisuanlasaarsuaulaasnlandinsunisuanliiinialulsssu

CO, emission (MT CO,-e/hr)
s n3difi 3.2 | nsdifi 3.3
AN a ~ NIUN 31 ppap pRpRp
ASEIN 2 nSal in AsEINdNS | nselnd
Case ASEIN 1 ns@l | ATnSHARL v NARUNITY ANSHER
¥ . NaAUINY o Y L 4
ugu mueasw | L. fwasiy | dniufea
. flwasiunig . o
e e U8
(60:40)
(50:50) (40:60)
ATAWINAISUADY
Asusulneenlenauyaan
- e . 7.43 7.47 7.47 5.91 4.36
S Ininiilgannan
emission factor
nsmAneulAsINISY 11.07 11.11 11.11 8.80 6.49
Reduce -3.64 -3.65 -3.65 -2.89 -2.13
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] v =

FanmTudn Funuladn wwameiailunistanuseandsununisuaesasveulaeenlanauyald
2819070 AL 62.75-107.41 MT CO,e/hr  UBNANNNITAARNANTENUR DA ILINE DULAILUINIS

fanavinlilasanIsne 5 nsaidneinanilsNAvuaINN15VELAETINNTUAR F9Na1IDILUUNTA 5

NTIATIVNLATYFANENS

A1319% 71 uaasn1sanasvainsaadaessasvaulaeenledanyadimiunmsndnuiadanwiuan

CO,-e before start process CO,-e during process
Reduce CO,-e
Cco, Methane | Total CO,-e | Electricity Total CO,-e
Case Emission
emission | (MT/hr) emission Consumption | emission
(MT/hr)
(MT/hr) (MT/hr) (kWh) (MT/hr)
nsai 1 0.63 3.80 107.16 1,018.76 0.49 106.67
nsdifi 2 0.35 2.24 63.04 597.84 0.29 62.75
Nyl 3.1
0.35 2.24 63.04 597.84 0.29 62.75
(60:40)
N3eIa 3.2
0.48 3.04 85.47 810.58 0.39 85.08
(50:50)
Nyl 3.3
0.60 3.83 107.90 1,023.32 0.49 107.41
(40:60)

o a

YBNAINNISHAALN AT ININDABAL LATINISU H9ANLTUNITIN ULAL LA 9aAN15UaBe

(3

= a

msuauleeanlefannszuIunsyiuTansiunudniy Asinaanluy uni 3 n15e5UIENTEUIUNT

1509N15VINUTEY

s

v =

SimumeniswenuAanluin (water scrubbing) HANARIINATZUIUNITAINED AD

asusulaeenlenavasegluinilivenua wialinisandunsivss@viangean ausnisdnin

navuldlvdlunsyuiunisvenuia laeihfiganaunisveulneenleduaizgniiluliauseu e

s
S

weniuazra1sueulasenlydesnainiu msveulasenleailafinnuuigndas Jeaunsaldiduans

[%
(Y [

A = & P v a & s o & a
158 fmLﬂwuﬂumzmumﬂmmLﬂaaugﬂmiuaulmaaﬂlm YU NTEUIUNITHEAR
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Y
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]
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ann1suaesa1sueulneanlasaunald 2.86 MT COre/hr fananslunisnedl 72 dwsv
arfvaulaoonledduiinde dsliorathundndudsySoldvomn WesnuandatogFelad
Usuanfuniianudesnisvesmataduegisnn Jagtunaluladnisiinduresisulas 1y
asuaulpeenles (CO,-EOR) fimsldsustauninans Snnudasnds wavamnsafindnsiniswan
dhiuldegnaditudfy nsrvaumsinandenislidniveulnoonlelulsinaunn Saenndasiu
USmnuemsvaulaoonludfimvdseglunszuaums lasansiishnssaniveulasenled Wodswe
iionsihnauvesisiulngldasuoulaeonles (CO,-FOR) nan1sdnw wanadamsnad 73 Saufiuld

11 UsunuansueulnesnlenauyangniassguissiniranasegaiitudAty Tuyae 16.58-17.60 MT

CO,-e/hr

M13199 72 n1sanasvainisuanddesnisuaulasenladdmiunsiiminedegise

CO,-e before start process CO,-e during process
Reduce CO,
Cco, Methane | Total CO, | Electricity Total CO,
Emission
Product emission (kg/hr) emission Consumption | emission
(MT  CO,e
(MT/hr) (MT  CO,-e | (kwh) (MT  CO,-e o
;
/hr) /hr)
Urea
3.00 2.18 3.04 377.54 0.18 2.86
fertilizer
aTefl 73 nsanasvasnisuanusasaniuaulasenleddmiunisiiunisindulnsiu
CO,-e before start process CO,-e during process
Methane | Total CO, | Electricity Total CO, | Reduce CO,
CO,
Case (kg/hr) emission Consumption | emission Emission
emission
(MT CO,-e | (kwh) (MT  CO,-e | (MT CO,-e /hr)
(MT/hr)
/hr) /hr)
nsdifi 1 18.27 13.25 18.64 2150.99 1.03 17.60
N3l 2 17.02 12.34 17.36 1634.56 0.79 16.58
nyeId 3.1
17.02 12.34 17.36 1634.56 0.79 16.58
(60:40)
N3 3.2
17.02 12.34 17.36 1634.56 0.79 16.58
(50:50)
nyeid 3.3
17.02 12.34 17.36 1634.56 0.79 16.58
(40:60)
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Tulasinisil deliarudrdgysodswindousg19soiios Tunsadnwisig 9 01510
asueulneenlysndnduasudndueiyanigadu loun wuea waz Wdufiwe Jawdadueivaiil
A g ANy v & ¢ v v = | ¢ ¢
doduansnldiniuasueulneenlenlasnme nansAnwinisanaisUas srsueulneenlenauya
nnsasuaisvaulaeenlamduluniusawarinaiuiiwa wandlun1snen 74-75 Nan1TIATIEA
nuinmsasuaisvaulaeanlesmiduuniusanaziisiufwaaiuisaannisuassaisuaulaeanlya

auyalana 42.73 wag 34.45 MT CO,-e/hr



A151991 74 USunaunisuasanisuanlaasansuaulaeanlasnanasainnisilasuaifuaulasanleaiduuniuoa
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CO,-e before start process

CO,-e during process

Reduce CO,
Methane Total CO, | CO, emission | Electricity Total CO, .
Case CO, emission Emission
(kg/hr) emission (MT CO,-e | Consumption emission
(MT/hr) : ’ P (MT CO,-e /hr)
(MT COz-¢e /hr) | /hr) (kwh) (MT CO,-¢e /hr)
ﬂiiﬁﬁ 2 4.58 1.54 47.74 3.96 2,172.31 5.01 42.73
asei 75 Ysunaunnsudesaniuaulasanlesiianasannisidsuniivsulasenlediuisiufiva
CO,-e before start process CO,-e during process
Reduce CO,

Cco, TotalCO, Cco, Electricity TotalCO,
Case Methane Methane Emission

emission emission emission Consumption emission

(MT/hr) (MT/hr) (MT CO,-¢ /hr)

(MT/hr) (MT CO,-e /hr) | (MT/hr) (kwh) (MT CO,-e /hr)
A 3.1

4.58 1.54 47.74 3.91 0.31 1207.18 13.29 34.45
(60:40)
AN 3.2

4.58 1.54 47.74 3.91 0.31 1207.18 13.29 34.45
(50:50)
NSV 3.3

4.58 1.54 47.74 391 0.31 1207.18 13.29 34.45
(40:60)
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Tulasinisil delimrudrAysodwindeusg1gsoli oy Tunsal@nwinig 9 dn15U0

Asueulneenlydndnduasnandueiyadigadu loun wuea waz Wdufiee Jandadueivaiil

doduansnldiniuansueulaeanledladnde nan1snwinisan nsuassansusulaeanledauya

nnsasuaisvaulaeenlemduluniusawarinuie e wWandlumIsed 76-77 NaN1TIATIEH

[

J a 6 6 & gc; v 1 s (3
numsidsuasveulaeenlenduwmusanasiidudigaainisaannisuaesasveulneanlen

auyalana 42.73 wag 34.45 MT CO,-e/hr

M13197 76 Ysunauansuaulasenledauyangnuaasainlasenis uazusunaaisuaulasanlyd

] % & '
ﬁugawaﬂ‘lﬂmﬂﬂimﬁnmm\‘i 9

c Cco, Methane Electricity CO, emission
ase
(MT/hr) (MT/hr) Consumption (kWh) (MT CO,-e /hr)

ﬂiﬂj‘ﬁ 1 11.07 - 13,453.81 17.54

ﬂiﬂj‘ﬁ 2 11.11 - 13,673.33 17.69

3T 3.1 (60:40) 391 0.31 12,702.01 18.70

ﬂiiﬁ‘ﬁl 3.2 (50:50) 391 0.31 12,552.61 18.63

nsdift 3.3 (40:60) 391 0.31 11,328.39 18.04

M13199 77 Ysanauarsueulaeanlenauyanaaliainnsalfinesing 9

Reduce CO, Emission (MT CO,-¢e /hr)
Total Reduce CO,

Case Emission

CNG Urea CO,-EOR Diesel Methanol (MT COpe /hr)

fertilizer

ﬂiﬂj‘ﬁl 1 106.67 2.86 17.60 - - 127.14
ﬂiifﬂ?ll 2 62.75 2.86 16.58 - a42.73 124.92
56 3.1

62.75 2.86 16.58 34.45 - 116.64
(60:40)
n5eiT 3.2

85.08 2.86 16.58 34.45 - 138.97
(50:50)
nsei 3.3

107.41 2.86 16.58 34.45 - 161.30
(40:60)
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M15197 78 asun1suantdssuaznisanlivasuiaarsvaulasanlannielulssnuusaznsal

CO, emission Reduce CO, emission | %Reduce CO,
Case (MT CO,-e/hr) (MT CO,-e /hr) emission
A3aIT 1 17.54 127.14 87.90
n5ai 2 17.69 124.92 87.60
nseifl 3.1 (60:40) | 18.70 116.64 86.18
nsdifl 3.2 (50:50) | 18.63 138.97 88.18
nseif 3.3 (40:60) | 18.04 161.30 89.94

Base Case

40
20

o

(MT CO2-e /hr)

-140
-160
-180

5U# 20 Ysunaunisanasvasnisudesuiaaisuaulasenlenlundaznsaifine

Methanol Case

Diesel Case (60:40) Diesel Case (50:50) Diesel Case (40:60)

Reduced CO, emission

W Methanol
Diesel
CO2-EOR
Urea fertilizer

| CNG

W Net CO2 emission

a U U [ s 5" 1 Ia c’ej
QWﬂEU‘VI 20 WU’J’m'ﬁa@aflsﬂaﬂﬂqiﬂa@EJLLﬂﬁﬂ?iU@Ulﬂ@@ﬂl%ﬂIﬂﬁlﬁ'ﬂUI%@Lﬂ@ﬁﬂuﬁ]’]ﬂ

nszUIuNsUTuUTIRan itedseaduliiadanmiuda (CNG) Wesainnisinszuiunstilunis

gavann1slaesuialinueeng ussennie daufadmudndu 28 1wivesnisUaesuia

asusulaeenledeandusseinia mnuedlumnsiunsaifinwimugaungadmiunisannisuaey

LAALSAUNTZAN AB NSAIN 3.3 ANwINARRLYA (40:60) @ unsnanUSununsuassliasounssanland

89.94 Wosiduduasaualunsanisuassnianisuaulaeanlad
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UNil 7 N1SNRITUINIUANUABANY FUNINLALEILING DY

anuvasadelulssnududidnduaenisyfuRaueeaUiufau winareluiud
UfuRnuliinnudasnde onvazdmasieavnmuazUsednsainnsvinuresiuifieu 8 nved
dawansenunensruiunsnglulssnuauibiiinnisUaiiedeuudy dawanonsndnuazsiolad

v A

= a @ Y a v & & a oo Y a A & v a | o
QQJJL?{SJIU ANVINIANUFILIARDUNUUFINFAUNADINNTUT LNDLUULARAIAINUSUNAYDURN DEIAN

o

ez lugnsimndigunieinudaindaysely

7.1 adUasnny

7.1.1 n1suszilivaniazinululssau

'
v aaAa

lunfluansanivgamgiivazanunundaigiganazatanlulseny lnglun1siaisanazudns

a I3 ! e ! & A
NATUNVULARENTUANEILAZLARZNUNVDINTLUIUNT
MZJ']EJLMGJ

1. ANUNAYU SEAUAULE BT 08AI1 15 psi = U8, 15 psi — 20 psi = U1unane kagu1nna
120 psi = 47N
2. guunadl seAuAUdLadagnd 50 °C = ey, 50 °C - 100 °C = U1UNae wazunnii

100 °C = 41n
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A15199 79 nIRlANEI 1: NIAWUFIY (Base Case)

TEiU ,
A/ UL
Area | 518013 Ay . 4
q YA (3zYLraIngn)
[GEN
Aufuiiny | an 348.09 @18 HPSTMS1 (92), HTSTM1OUT (106)
(psi) oy 14.12 @1e LPSTM3 (100), LPSTM30UT (107)
100 . _ | 1n 157.27 | @& HPSTMS1 (92)
eETBIV R
, . @18 WATER (1), BIOMASS (2), WATER (3), CASSAVA (4), aana1n M-101 (7), 8anain M-102 (8), MAKEUP
finu (°0) oy 30
WATER (18), Air (25)
41n 2005.49 | @weanan C-208 (71), CO2TOUREA (72)
AuTUTIny RAW BIOGAS (15), 88na1n T-201 (42), 80n31n E-205 (43), anann E-206 (44), MAKEUP WATER (45), nauidn
(psi) oy 14.50 P-201 (46), REUSE WATER (47), 800310 V-204 (50), 141 V-205 (51), H,S (52), 88n21n V-205 (53), 80nan E-
200 208 (54), 80NN V-206 (55), 8na1n V-206 LU V-207 (56), NH;, (57), ®8anan V-207 (58)
syAugundl | 1 202.96 | @1w@anln C-205 (63), 88NN C-206 (65)
wu (°C) oy 7 @eeanan E-208 (54), 08NN V-206 (55), 88na1n V-206 LU V-207 (56), NH, (57), 88na1n V-207 (58)
AMusuRwY | 10 3640.64 | @1waanann C-303 (78), CBG (79)
(psi) oy 14.50 aenowd C-301 (73)
200 sEAUgUUNR | 1N 204 @180en3n C-302 (76)
fwu (°0) Yoy 35 aenaudn C-301 (73), CBG (79)
AuFuTiny | N 1109.54 | awneowdn CHP-402 (114)
(psi) oy 14.50 @18 WATER (84)
100 sEAUgUUNR | 1N 553.50 | @weanain CHP-401 (9)
finu (°0) tion 30 a1e AR (83), WATER (84)
pruduiiny | 1n 1109.54 | ®anan P-501 (110), awnowud M-502 (112), 89na1n P-503 (113), 8anain M-502 (114), WATER1 (115)
(psi) oy 14.07 a1699n21n M-501 (109), LPSTM30UT (107)
>0 spAugamail | Wn 153.92 | anerewidh M-502 (112)
ﬁW‘U (°0) floy 30 @ MAKEUPWATER (116), MAKEUPW (154)
Aufuiiny | a0 2275.73 | @y NH3 (119)
(psi) o 14.22 #18 AIR (140), AIR (149)
60 sEAUgUUYR | 1N 24235 | aeneuid R-601 (121)
finu (°0) tfon 30 a8 AR (135), AIR (140), AIR (149)
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A15197 80 NSUAN®YI 2: NSAUNANISNANLUNIUDATINA2Y (Methanol Co-production)

AU
) . RUNELAR)
Area | 18N19 AU A/ LU g
n (CRAVN ST )]
[GEN
un 348.09 @y HPSTMS1 (92), HTSTM1OUT (106)
@y WATER (1), BIOMASS (2), WATER (3), CASSAVA (4), 8anain M-101 (7), @anain M-102 (8), aanain E-101
A (9), 80n91A R-101 (11), 8031 R-101 (12), #9n31N R-102 (13), N3N R-102 (14), RAWBOGAS (15), AouLln F-
WU (psi) 1oy 14.5 101 (16), #8030 F-101 (17), MAKEUP WATER (18), REUSEWATER (19), RECAS (20), REBIOMASS (21), 88n21n F-
100 101 (22), #8n97n E-103 (23), 99nan E-104 (24), Air (25), Aowdn D-101 (26), MOISTAIR (27), FERTILIZER (28),
TOWATERS (155), TODIE (156)
LAY 10 164.95 @18 HPSTMS1 (92)
Ui . @18 WATER (1), BIOMASS (2), WATER (3), CASSAVA (4), 8ana1n M-101 (7), 88na1n M-102 (8), MAKEUP WATER
Uy 30
wu (°0) (18), Air (25)
1A 2005.49 #@1eean31n C-208 (71), CO2TOUREA (72)
mmﬁuﬁ 881310 T-201 (42), 88n31A E-205 (43), 881970 E-206 (44), MAKEUP WATER (45), nauid1 P-201 (46), REUSE
WU (psi) ol 14.50 WATER (47), 80210 V-204 (50), 141 V-205 (51), H,S (52), 80n31n V-205 (53), #anain E-208 (54), 8anain V-
200 206 (55), 8020 V-206 TUSe V-207 (56), NH, (57), 80n27n V-207 (58), TOWATERS (155),
LAY 1N 202.96 a@geanain C-206 (65)
qoonggd | )
o UDY 7 #@geanan E-208 (54), 08NN V-206 (55), 88na1n V-206 U8 V-207 (56), NH, (57), 88na1n V-207 (58)
wu (~C
AT un 3640.64 | a@geanan C-303 (78), CBG (79)
WU (psi) oy 14.50 #enewdn C-301 (73)
300 | 9z6U 10 204 a1woanan C-302 (76)
YUNYIN 3
o UaY 30 a8 CBG (79)
wu (CC)
A 1N 1109.54 | anenewd CHP-402 (114)
WU (psi) oy 14.50 a1e AR (83)
400 LAY 41n 557.9 #eanan CHP-401 (99)
o y
o UDY 30 @1e AIR (83), WATER (84)
e
AT 41n 1109.54 @eeanan P-501 (110), ApuLdn M-502 (112), #8nain P-503 (113), 8onain M-502 (114), WATER1 (115)
WU (psi) 1o 14.5 #@1® 29n31n M-501 (109), MAKEUPWATER (116), MAKEUPW (154)
500 | suAuU 110 103.42 A99n97n P-502 (112)
YUNYIN )
Uy 30 @189 MAKEUPWATER (116), MAKEUPW (154)
o
wu (CC)
audud | wn 227573 | @ NH3 (119)
WU (psi) oy 14.22 a8 AIR (140), AIR (149)
600 JEHU 41n 242.35 #18anan R-601 (122)
qmugﬁﬁ .
Uy 30 a8 AR (135), AIR (140), AIR (149)
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A15197 80 NSUAN®YI 2: NSUNANITHAAUNIUDASINAY (Methanol Co-production) (s1a)

LAY
} . AU
Area | 7815 AU A/3¥AU 4
5 (Szyunasiun)
[BEN
1N 652.5 a@e99n3n E-804 (229)
@18 TOMEH (156), LPSTM5 (157), H2S (201), #anann V-801 (202), @18 881310 E-801 (203), 88n31n V-802
o (204), avna1n V-802 (205), NH3 (206), #anain V-803 (207), #anann E-802 (209), aanann E-803 (210), aeitll
AUAUN
. 59ufU 209 (211), Aeuldn E-804 (212), 99n97n E-804 (213), 890910 H-801 (214), 980910 E-804 (215), 8890970
WU (psi) U0y 14.5 .
E-805 (216), aana1n V-804 (217), ®anann P-801 (218), avnann V-804 (219), naukyn V-805 (220), aanann V-805
800 ) o . "
(220), nBUL1 V-807 (233), METHANOL (234), 88n31n V-807 (235), @8Nauseing 232 AU 235 (236), PURGE
(237), RECYCLE (238)
SEAU 10 750 #1898n9n E-804 (213), 8NN H-801 (214)
QNN y
o UDY 7 @18 98NN E-801 (203), #8na1n V-802 (204), 88nann V-702 (205), NH3 (206), 8anain V-803 (207)
wu (CC

A15199 81 AsAN®EN 3 : nsUNn1sNARUNIURALYasINA2Y (Diesel Co-production)

o

SEeU L PLELYR)
Area 378N15 r A/5L0U o
ALLEDS (Szyunasiun)
aun 348.09 @18 HPSTMS1 (92), HTSTM1OUT (106)
. @y WATER (1), BIOMASS (2), WATER (3), CASSAVA (4), 8ana1n M-101 (7), #8nain M-102 (8), eanain E-
meu 101 (9), #@n31n R-101 (11), 90970 R-101 (12), 881310 R-102 (13), 88n310 R-102 (14), RAWBOGAS
WTJ Ty 14.5 (15), nawn F-101 (16), 89n91n F-101 (17), MAKEUP WATER (18), REUSEWATER (19), RECAS (20),
(ps?) REBIOMASS (21), ®8na1n F-101 (22), #9na1n E-103 (23), 8ona1n E-104 (24), Air (25), Aisuidn D-101 (26),
100 MOISTAIR (27), FERTILIZER (28), TOWATERS (155), TODIE (156)
JEHU 1N 164.95 @18 HPSTMS1 (92)
ERIRA
e ot 20 @y WATER (1), BIOMASS (2), WATER (3), CASSAVA (4), 8ana1n M-101 (7), 881310 M-102 (8), MAKEUP
WATER (18), Air (25)
°0
. 170 2005.49 #@1e9an31n C-208 (71), CO2TOUREA (72)
Zammu 88na7n T-201 (42), #8nan E-205 (43), 88na7n E-206 (44), MAKEUP WATER (45), newn P-201 (46),
WNTU 1oy 14.50 REUSE WATER (47), ®8na1n V-204 (50), 11 V-205 (51), H,S (52), 88n31A V-205 (53), 99n31n E-208 (54),
(ps) 201310 V-206 (55), 80010 V-206 LU V-207 (56), NH; (57), ®8na1n V-207 (58), TOWATERS (155),
200 S¥AU an 202.96 a@ngpanan C-206 (65)
9NN
iy 1oy 7 a@w9anan E-208 (54), 88n31N V-206 (55), 981310 V-206 LU V-207 (56), NH; (57), ®8na1n V-207 (58)
(°0
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A15197 82 nselAn®I 3 : nsNNISHARUNLUALYasIUA2Y (Diesel Co-production) (fia)

AU L. RN
Area 378N19 q A1/38nU 4
AULES (3zYLmaInNLn)
ANUAU | A 3640.64 a@geanain C-303 (78), CBG (79)
iwu . L.
Uoe 14.50 aegnaun C-301 (73)
(psi)
300 JEhU 1N 204 a@geanain C-302 (76)
ERIRA
iy o 30 218 CBG (79)
o)
AVNAY | WA 1109.54 @ngnau CHP-402 (114)
o [
Uy 14.50 @18 WATER (84)
(psi)
400 JEHU 1N 553.50 d@gaanain CHP-401 (90)
gauugil
fAnu Yo 30 a8 AR (83), WATER (84)
)
AMUAY | 11N 1109.54 @ganan P-501 (110), Aewd M-502 (112), #8na1n P-503 (113), 980310 M-502 (114), WATER1 (115)
fiwu .
(0s) uay 14.5 #18 29NN M-501 (109), MAKEUPWATER (116), MAKEUPW (154)
psi
500 JEhu un 101.36 #@18 SATLIQW (93), LPCHP (103), LPSTM30UT (107)
ERIRA
finy 1oy 30 @18 MAKEUPWATER (116), MAKEUPW (154)
Q0
AMNAY | 1A 2275.73 ane NH3 (119)
o [
uay 14.22 @e AIR (140), AIR (149)
(psi)
600 JEhU 41n 242.35 #@1999n91n R-601 (122)
PRIRA
finy o8 30 @18 AIR (135), AR (140), AIR (149)
(0
#@1999n310 E-708 (195), 98n3n C-704 (188), 991310 E-705 (191), #8n31n H-703 (189), #anan FTS-
un 290
AUAY 701 (190), FULEGAS (192), 8anann V-706 (193), aanain V-707 (197), WASTEWAT (199)
fiwu TODIESEL (156),H2S (162), #@nann V-701 (163), aanann E-701 (164), 8anann V-702 (165), NH3 (166),
(psi) Tloy 14.50 28NN V-703 (167), 89n311 E-702 (168), 80na1n V-702 (170),@78 AR (171), @80 PROWATER (173),
700 29n370 V-706 (194), LIGHTGAS (196), a1n V-707 (198), DIESEL (200)
JEhU 7N 850 @1eoana1n H-702 (179)
9NNl
ANy oy 7 @19 98NN E-701 (164), 9n311 V-702 (165), NH3 (166), 88010 V-703 (167), #8030 V-702 (170)
0
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Basudlvgamgiifiguivly fe 1denldTagianuisanuanuieuldas 1wu mdnndansueuns
audnumufeusnldiuay stream Aiflenufougs fnmsiuauuitedesfiunsgadoneluszuunay
Hostudumsenmsduiaria snans Stream Ivufifiesdusznautesiuazasuaulaoonlsfagyinld
Aansinnseulusie e1vasdedliiianiilumanndl¥aiy Ssanmsanunsiansoulsd
7.1.2 Msaruauan1zildlulssay

Wasntunsesuiunisiianuduigs Isesdinmsindendimuauanuiu iivedesiulalviny

U

v '
a = =)

fumelussuugaiuly auiiliiAenssudatuilessnaingunsal uenanidfesdimsfafendaiio
U SIueswailugunsaiiifienudugs weliveaanaedulosuiniafiveududstuay
Wldnissuiinvesgunsaila
7.2 gUAW

iesnnnszurumsidiunisdesaaeuutlildesndiou sudaiduufativu Sennifianisilua
yafAaiinu e1ainn1sinliuazasisnnudeniewngunin 3awasnindla drunouludowman
wouludefindugu fqvitanieu wagliAnnsseaeidedld lunsdnandaumiueason wniuead
AaaudRduveanahilvuaziinlesyve onavihliAnnsssaeifesroninuasiomils adunsiase
szuumadumglamngany mndvsenelnluvinadndlfes e1asiinnisinlnduazananuludausiim
Juqld Snvansdinnanfivadon Wuidomddnuaudifalildhe mndvsenelniu orahlhiese
Inuagqnauludauinadun 16

marunglulssudidudedinisinevsuliaudisesnsujifinuegavasndunislulssu

a

weuuRnusseminfedunsguasnansenuiienaiiany uay3 dnlesiunuiesuaenujUnnu anmns
Y a va 4 = ! L3 v oa Y ! t:{' I £ a wva ::941 d‘

AUURMuRzAeslinsanldaunsaldesiulissediuynnanivangaunoudn luuguRauluiui ay
fosnisasrvaevgUnsaleninelulssuegnainaue wWslindousulloduanunisalindudunsiels

7.3 AauInaay

1%
o o

diidenelulseny dnlwginduhimdennnssuiudesaansuuulildeandiou Feazini
wilmRanduitngnsuiunsgosaane el duanusinahiifseondunasimusssued Snvieds
Frewfinuseansanlunszuiunisdesaaiedndie waziiesninnnszuaunisnglulssnufinssuay
Water scrubbing #sagldansusulaeenledluusunaunn uafldinisiiasveulaesnledlunusndy
wAndaeidunmserlulduselov Wy miﬁﬂhﬂ%ﬂ,ﬁaLﬁmmsquﬁwﬁmwuﬁnwﬁw wsen s lunamdu
JogiFe deivlfannisudesaniveulasenledgusssinia dmufadun wu lelasioudalsd (H,9)

woulanile (NH,) 9zgn Solid absorbent gaduatnigluiun vinlilifinsUassuiamaioandussenia
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=~ ° v
unn 8 aﬁgﬂmiwﬂﬂi\‘lmmamaLauaLLuz

NNsAnwINssuIunsgesaatewuulildeandiau lnedgaussasriolilawiadanin
(Biogas) et ludmuiglususuuresdamdsdmsvetunimuswasinlundanseualnin Inesiu
N3¥UUN1T Cogeneration wakfiadinmilneanuiuy fullnuninliiissmesdenisiilule Fedeq

=]

lUidngdnszuiumsusalsanauninuia (water scrubbing) wiannsAnwIlunsyuIuNTSl WUl

nsUaeeansusulaeenlefeandussenAluUSunuiigun Fedamansenudeduindeu fAmlunne

(%
o o = a Y
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Appendix A : Equipment
A.1 Equipment Cost Calculation

a ° sl (0]
Tunsitarsansimdimzvesgunsaiianinzunsgiu (G, ) Wulumuauns

log10(Cp?) = Ky + K3 log19(4) + K3(log,(4))?
198 K-K, 38l@sua1nn1919 A1 Turton [1] wag A fe mmqmmmém
AnaToaUan (Cgpp) @nunsamnleann :

Com = CPO * Fgy

wnmesiAseaUan (bare module factor) (Fpy) lunsiazgunsalasdawnne1eiuiniag
Mlvannsanlatuguain A19 Tu Turton widmsuinIesuaniUdsuninuiou (Heat exchanger)

f9NTEUIUNTT (process vessel) waglu (pump) AgaU1aAUNALARILELNIIATUEN
FBM = Bl + BZFMFP
el - B; & B, A5URINA1519 A4 Turton [1]

- unawesauau (Fp) dmsudenszuiunis (process vessel) @1unsaaiuladlamniu

aunng [1]
(P+1)=D
FP,vessei = 50063

winwasanuau (Fp) dmsugunsaldu anunsamuwinlaniuaunis [1]

log1o(Fp) = C; + C;10g8,10(P) + C5(log1o(P))?

wnninesTan (Fpp) osuanguain A.18 Tu Turton [1]



dmiunisauin Cgpy 1w3eavalulu Turton [1] Taunisassieludl

Equipment Type

Equation for Bare Module Cost

Evaporators and vaporizers
Fans with electric drives

Fired heaters and furnaces

Power recovery equipment
Sieve trays, valve trays, and
demister pads

Tower packing

Compressors and blowers without drives

Drives for compressors and blowers

Com = CoFsu
Can = CoFpy
C,u\( - C;T.':,'.!ri'
Can = C:‘F.‘l.\frl'
Com = (‘;'f”\,l‘,f,
F is the superheat correction factor for steam
boilers (F; = 1 for other heaters and furnaces)
and is given by
Fr =1+ 0.00184AT - 0.00000335(AT)*
where AT is the amount of superheat in °C.
Com = C';I»Fn\z
Can = CONFiF,
Where N is the number of trays and F is a
quantity factor for trays only given by
log,, F, = 04771 + 0.08516log,, N -
0.3473 (log,, N)* for N<20

F, = 1for N=20
Coan = CoF
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a = & a ] = K7 ° a = a
NUAINUAIN (FCI) a’]llWiﬂﬁqlﬁﬂﬂﬁﬁﬂﬂﬂmﬁqujqﬁqﬂqLﬂﬁ@\‘iLﬂaqﬂﬂﬂﬂﬂgﬂguqﬂqﬂﬂﬂim%ﬂLQ‘H

LAYANSTSULLYILAL 18%

FClo50 = FClyg0q *

n
FC!’ZGGl = 1.18 * z CBM,f
i=1

CEPCl,020

~ N oA A o | av o ° Py
Aelunsili@newaziiias 09i s nIzaanIzUIUNSA lau1saAuIlamiu Turton Taely

Turton wugtnlvaulIumuaun1saelul ;

S 0.6
(3

Sa

lagfl  Cy wag Cg fid 91A1U099UNTAINOULAEMEIINNTTUTUTUIAMINAINR

Sa WAZ Sy AD UUINAIINYVBIRUNTINDULALVAS
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nsuanasgunsalniglulsesnulunsasnsal mngunsallifisiadessidugunsaliinnis

UTEUNUTIANNINUAEID 19D

P399 Al agusmgunsalnielulsanulunsdlfnuy 1

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
1 CV-101 Belt conveyor 665,269.40 831,586.76
2 CVv-101 Belt conveyor 823,514.45 1,029,393.06
3 CV-101 Screw conveyor 165,202.94 181,723.24
4 D-101 Rotary Dryer - 612,713.45
5 E-101 Heat exchanger 694,080.26 3,154,941.82
6 E-102 Heat exchanger 707,062.95 3,276,953.93
7 E-103 Heat exchanger 877,002.20 5,237,018.61
8 E-104 Heat exchanger 946,385.75 5,831,439.69
9 F-101 Fan - 14,845.28
10 M-101 Mixer 2,833,425.32 3,910,126.94
11 M-102 Mixer 3,331,935.86 4,598,071.49
12 M-103 Mixing valve - 4,554,927.91
13 M-104 Mixing valve - 159,647.70
14 M-105 Mixing valve - 143,091.88
15 R-101 Anaerobic Digester 27,670,046.83 110,680,187.32
16 R-102 Anaerobic Digester 44,922,726.07 179,690,904.27
17 S-101 Screw press - 2,581,743.17
18 SP-101 Splitter - 64,511.60
19 C-201 Compressor 15,763,505.33 90,640,155.62
20 C-202 Compressor 16,849,904.82 96,886,952.69
21 C-203 Compressor 7,534,929.83 20,645,707.74
22 C-204 Compressor 9,170,035.76 25,125,897.99
23 C-205 Compressor 9,073,110.60 24,860,323.05
24 C-206 Compressor 8,748,631.77 23,971,251.05
25 C-207 Compressor 1,961,826.56 4,728,002.00
26 C-208 Compressor 615,325.41 1,482,934.23
27 E-201 Heat exchanger 954,765.15 4,427,527.32
28 E-202 Heat exchanger 827,947.97 3,857,718.00
29 E-203 Heat exchanger 720,894.43 3,358,915.69




M15°991 Al asusagunsalnglulssnulunsaldnwi 1 (i)

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
30 E-204 Heat exchanger 1,947,050.29 12,114,578.46
31 E-205 Heat exchanger 1,232,573.86 5,712,486.82
32 E-206 Heat exchanger 2,574,769.29 11,933,025.74
33 E-207 Heat exchanger 1,185,808.63 5,566,799.06
34 E-208 Heat exchanger 1,455,081.35 6,743,720.05
35 E-209 Heat exchanger 725,067.06 2,385,470.61
36 E-210 Heat exchanger 1,099,139.35 3,627,621.85
37 E-211 Heat exchanger 1,135,021.36 3,796,432.24
38 E-212 Heat exchanger 1,126,269.26 3,843,628.70
39 E-213 Heat exchanger 2,289,864.01 7,846,642.11
40 E-214 Heat exchanger 711,944.23 2,459,775.55
a1 M-201 Mixing Valve - 1,447,711.28
42 M-202 Mixing Valve - 291,582.14
43 P-201 Pump 474,344.83 1,536,877.26
a4 SP-201 Splitter - 283,919.85
a5 T-201 Turbine 1,100,062.04 1,447,711.28
a6 TW-201 Absorber 1,382,824.43 19,910,685.64
ar V-202 Flash vessel 1,425,505.62 20,719,011.78
48 V-203 Flash vessel 1,383,697.95 19,927,154.81
49 V-204 Flash vessel 244,081.13 1,517,501.22
50 V-205 FE-Bed - 5,819,514.15
51 V-206 Flash vessel 244,081.13 1,517,501.22
52 V-207 AC-Bed - 5,739,624.12
53 C-301 Compressor 5,593,681.21 32,163,666.97
54 C-302 Compressor 6,039,451.94 34,726,848.66
55 C-303 Compressor 5,770,426.97 33,179,955.08
56 E-301 Heat exchanger 854,514.45 4,053,558.00
57 E-302 Heat exchanger 960,974.25 4,680,789.06
58 E-303 Heat exchanger 2,572,296.12 24,849,847.88
59 SP-301 Splitter - 5,566,919.70
60 CHP-401 Gas Turbine - 186,887,151.43
HRSG & CHP control
61 CHP-402 - 46,293,787.24

system
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M15°991 Al asusagunsalnglulssnulunsaldnwi 1 (i)

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
62 E-401 Heat exchanger 866,268.98 5,354,388.04
63 E-402 Heat exchanger 853,193.57 5,273,569.27
64 E-403 Heat exchanger 1,112,477.57 6,876,197.54
65 H-401 Heater 223,976.29 2,483,009.74
66 H-402 Heater 5,7173,864.86 28,168,844.10
67 p-401 Pump 123,112.63 398,884.91
68 T-401 Turbine 1,723,660.23 10,566,037.21
69 E-501 Heat exchanger 16,436,987.11 54,077,687.59
70 H-501 Furnace 223,976.29 557,499.43
71 H-502 Heater 5,773,864.86 13,403,939.34
72 M-501 Mixer - 4,598,071.49
73 M-502 Mixer - 6,879,072.34
74 P-501 Pump 527,182.52 2,559,157.51
75 P-502 Pump 134,497.65 644,615.52
76 P-503 Pump 185,882.35 830,004.74
7 P-504 Pump 118,548.22 384,096.24
78 C-601 Compressor - 785,433.44
79 C-602 Compressor - 334,845.32
80 C-603 Compressor - 397,930.73
81 CS-601 Crusher - 36,780.43
82 E-601 fertilizer Cooler - 2,786,691.43
83 E-602 Cooler fertilizer - 1,920,366.87
84 G-601 Granulator - 18,316,665.00
85 H-601 Heater - 2,194,417.67
86 M-601 Mixing valve - 123,969.97
87 R-601 Urea Reactor - 2,028,988.74
88 R-602 Urea Reactor - 806,751.89
89 R-603 Urea Reactor - 2,384,361.51
90 S-601 Screener - 717,265.89
91 TW-601 Tower - 2,612,654.72
92 TW-602 Tower - 491,490.64
93 TW-603 Tower - 3,656,311.12
94 V-601 Flash vessel - 700,691.87
95 V-602 Flash vessel - 470,008.84
96 V-603 Flash vessel - 1,709,114.32
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101

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
1 Cv-101 Belt conveyor 665,269.40 831,586.76
2 Cv-101 Belt conveyor 823,514.45 1,029,393.06
3 CVv-101 Screw conveyor 165,202.94 181,723.24
4 D-101 Rotary Dryer - 612,713.45
5 E-101 Heat exchanger 694,080.26 3,154,941.82
6 E-102 Heat exchanger 707,062.95 3,276,953.93
7 E-103 Heat exchanger 877,002.20 5,237,018.61
8 E-104 Heat exchanger 946,385.75 5,831,439.69
9 F-101 Fan - 14,845.28
10 M-101 Mixer 2,833,425.32 3,910,126.94
11 M-102 Mixer 3,331,935.86 4,598,071.49
12 M-103 Mixing valve - 4,554,927.91
13 M-104 Mixing valve - 159,647.70
14 M-105 Mixing valve - 143,091.88
15 R-101 Anaerobic Digester 27,670,046.83 110,680,187.32
16 R-102 Anaerobic Digester 44,922,726.07 179,690,904.27
17 S-101 Screw press - 2,581,743.17
18 SP-101 Splitter - 64,511.60
19 C-201 Compressor 13,370,757.52 76,881,855.73
20 C-202 Compressor 14,319,127.41 82,334,982.61
21 C-203 Compressor 6,435,923.16 17,634,429.47
22 C-204 Compressor 7,684,359.85 21,055,145.99
23 C-205 Compressor 7,601,089.18 20,826,984.34
24 C-206 Compressor 7,322,510.35 20,063,678.35
25 C-207 Compressor 1,468,157.86 3,538,260.44
26 C-208 Compressor 6,763,979.12 1,482,933.91
27 E-201 Heat exchanger 954,765.15 4,427 527.32
28 E-202 Heat exchanger 827,947.97 3,686,768.94
29 E-203 Heat exchanger 720,894.43 3,358,915.69
30 E-204 Heat exchanger 1,947,050.29 10,814,107.38
31 E-205 Heat exchanger 1,232,573.86 10,300,275.67
32 E-206 Heat exchanger 2,574,769.29 5,294,013.69




M15991 A2 asusagunsalnglulssnulunsaldnwi 2 ()

102

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
33 E-207 Heat exchanger 1,185,808.63 5,125,418.09
34 E-208 Heat exchanger 1,455,081.35 6,114,272.98
35 E-209 Heat exchanger 725,067.06 2,349,591.58
36 E-210 Heat exchanger 1,099,139.35 3,406,986.84
37 E-211 Heat exchanger 1,135,021.36 3,579,610.65
38 E-212 Heat exchanger 1,126,269.26 3,598,429.00
39 E-213 Heat exchanger 1,973,913.45 6,763,979.12
40 E-214 Heat exchanger 711,944.23 2,459,775.56
a1 M-201 Mixing Valve - 1,264,249.11
42 M-202 Mixing Valve - 254,697.46
43 P-201 Pump 414,191.44 1,341,980.26
a4 SP-201 Splitter - 80,589.92
a5 T-201 Turbine 962,204.82 5,898,315.53
a6 TW-201 Absorber 1,087,588.66 14,533,953.86
ar V-201 Flash vessel 1,197,122.90 16,483,017.38
48 V-202 Flash vessel 1,162,913.94 15,868,242.62
a9 V-203 Flash vessel 244,081.13 1,517,501.22
50 V-204 FE-Bed - 5,091,035.70
51 V-205 Flash vessel 244,081.13 1,517,501.22
52 V-206 AC-Bed - 5,021,164.57
53 C-301 Compressor 4,062,222.86 23,357,781.42
54 C-302 Compressor 4,386,249.52 25,220,934.74
55 C-303 Compressor 4,191,490.20 24,101,068.67
56 E-301 Heat exchanger 768,322.00 3,644,687.13
57 E-302 Heat exchanger 835,866.06 4,071,402.24
58 E-303 Heat exchanger 1,905,187.63 18,405,199.34
59 SP-301 Splitter - 80,589.92
60 CHP-401 Gas Turbine - 186,887,151.43
HRSG & CHP control

61 CHP-402

system - 46,293,787.24
62 E-401 Heat exchanger 866,268.98 5,354,388.04
63 E-402 Heat exchanger 853,193.57 5,273,569.27




M5 A2 agusiangunsalnglulssnlunsaldnwi 2 (de)

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
64 E-403 Heat exchanger 1,112,477.57 6,876,197.54
65 H-401 Heater 1,123,712.39 2,483,009.74
66 H-402 Heater 12,957,236.24 28,168,844.10
67 P-401 Pump 123,112.63 398,884.91
68 T-401 Turbine 1,723,660.23 10,566,037.21
69 E-501 Heat exchanger -

70 H-501 Furnace 223,976.29 557,499.43
71 H-502 Heater 5,773,864.86 13,400,945.68
72 M-501 Mixer 4,598,071.49
73 M-502 Mixer 6,879,072.34
74 P-501 Pump 527,182.52 2,559,157.51
75 P-502 Pump 134,497.65 644,615.52
76 P-503 Pump 185,882.35 830,004.74
77 P-504 Pump 116,770.70 378,337.07
78 C-601 Compressor - 785,433.44
79 C-602 Compressor - 334,845.32
80 C-603 Compressor - 397,930.73
81 CS-601 Crusher - 36,780.43
82 E-601 fertilizer Cooler - 2,786,691.43
83 E-602 Cooler fertilizer - 1,920,366.87
84 G-601 Granulator - 18,316,665.00
85 H-601 Heater - 2,194,417.67
86 M-601 Mixing valve - 123,969.97
87 R-601 Urea Reactor - 2,028,988.74
88 R-602 Urea Reactor - 806,751.89
89 R-603 Urea Reactor - 2,384,361.51
90 S-601 Screener - 717,265.89
91 TW-601 Tower - 2,612,654.72
92 TW-602 Tower - 491,490.64
93 TW-603 Tower - 3,656,311.12
94 V-601 Flash vessel - 700,691.87
95 V-602 Flash vessel - 470,008.84
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M15991 A2 asusagunsalnglulssnulunsaldnwi 2 ()

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
96 V-603 Flash vessel - 1,709,114.32
97 C-801 Compressor 8,443,081.31 23,134,042.78
98 C-802 Compressor 8,992,104.08 24,638,365.19
99 C-803 Compressor 9,012,707.08 24,694,817.41
100 C-804 Compressor 24,904,479.26 60,019,795.03
101 E-801 Heat exchanger 984,935.51 3,240,437.83
102 E-802 Heat exchanger 553,002.95 2,513,674.93
103 E-803 Heat exchanger 449,415.33 2,683,683.66
104 E-804 Heat exchanger 864,339.58 5,325,887.61
105 E-805 Heat exchanger 2,049,419.70 9,498,240.53
106 E-806 Heat exchanger 1,130,142.06 3,772,846.88
107 E-807 Heat exchanger 1,193,174.28 3,937,976.66
108 E-808 Heat exchanger 833,640.34 2,788,369.59
109 E-809 Heat exchanger 1,166,654.89 5,568,095.46
110 H-801 Furnace - 37,756,966.80
111 M-801 Mixing valve - 2,282,252.11
112 M-802 Mixing valve - 1,265,856.10
113 M-803 Mixing valve - 2,944 .802.89
114 M-804 Mixing valve - 1,707,668.98
115 P-801 Pump 46,936.89 152,075.51
116 R-801 Methanol reactor - 53,292,868.51
117 SP-801 Splitter - 171,842.72
118 V-801 FE-Bed - 2,757,980.62
119 V-802 Flash vessel 244,081.13 1,805,956.30
120 V-803 AC-Bed - 2,691,605.90
121 V-804 Flash vessel 244,081.13 1,805,956.30
122 V-805 Absorber 244,081.13 1,805,956.30
123 V-806 Flash vessel 244,081.13 5,373,609.33
124 V-807 Flash vessel 244,081.13 1,805,956.30

104



M50 A3 agummeunsalnglulssnulunstifinui 3.1

105

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
1 Cv-101 Belt conveyor 665269.4048 831586.756
2 Cv-101 Belt conveyor 823514.4474 1029393.059
3 Cv-101 Screw conveyor 165202.9421 181723.2363
4 D-101 Rotary Dryer - 612713.4464
5 E-101 Heat exchanger 694080.2605 3154941.824
6 E-102 Heat exchanger 707062.9465 3276953.932
7 E-103 Heat exchanger 877002.1951 5237018.608
8 E-104 Heat exchanger 946385.7457 5831439.688
9 F-101 Fan - 14845.27725
10 M-101 Mixer 2833425.319 3910126.94
11 M-102 Mixer 3331935.863 4598071.491
12 M-103 Mixing valve - 4554927.914
13 M-104 Mixing valve - 159647.7033
14 M-105 Mixing valve - 143091.8765
15 R-101 Anaerobic Digester 27670046.83 110680187.3
16 R-102 Anaerobic Digester 44922726.07 179690904.3
17 S-101 Screw press - 2581743.165
18 SP-101 Splitter - 64511.60077
19 C-201 Compressor 13370757.52 76881855.73
20 C-202 Compressor 14319127.41 82334982.61
21 C-203 Compressor 6435923.164 17634429.47
22 C-204 Compressor 7684359.849 21055145.99
23 C-205 Compressor 7601089.177 20826984.34
24 C-206 Compressor 7322510.346 20063678.35
25 C-207 Compressor 1468157.859 3538260.441
26 C-208 Compressor 6763979.12 1482933.907
27 E-201 Heat exchanger 954765.147 4427527.317
28 E-202 Heat exchanger 827947.9712 3686768.941
29 E-203 Heat exchanger 720894.4326 3358915.692
30 E-204 Heat exchanger 1947050.294 10814107.38
31 E-205 Heat exchanger 1232573.863 10300275.67
32 E-206 Heat exchanger 2574769.287 5294013.691




M5 A3 asunagunsalnmeglulsanulunsdlfinui 3.1 (sie)

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
33 E-207 Heat exchanger 1185808.632 5125418.09
34 E-208 Heat exchanger 1455081.355 6114272.98
35 E-209 Heat exchanger 725067.0552 2349591.576
36 E-210 Heat exchanger 1099139.345 3406986.836
37 E-211 Heat exchanger 1135021.364 3579610.653
38 E-212 Heat exchanger 1126269.259 3598429.003
39 E-213 Heat exchanger 1973913.446 6763979.12
a0 E-214 Heat exchanger 711944.2313 2459775.559
a1 M-201 Mixing Valve - 1264249.113
42 M-202 Mixing Valve - 254697.4629
43 P-201 Pump 414191.438 1341980.259
a4 SP-201 Splitter - 80589.91942
a5 T-201 Turbine 962204.8178 5898315.533
a6 TW-201 Absorber 1087588.661 14533953.86
ar V-201 Flash vessel 1197122.901 16483017.38
a8 V-202 Flash vessel 1162913.939 15868242.62
49 V-203 Flash vessel 244081.1327 1517501.218
50 V-204 FE-Bed 0 5091035.704
51 V-205 Flash vessel 244081.1327 1517501.218
52 V-206 AC-Bed 0 5021164.572
53 C-301 Compressor 4062222.86 23357781.42
54 C-302 Compressor 4386249.52 25220934.74
55 C-303 Compressor 4191490.20 24101068.67
56 E-301 Heat exchanger 768322.00 3644687.127
57 E-302 Heat exchanger 835866.06 4071402.243
58 E-303 Heat exchanger 1905187.63 18405199.34
59 SP-301 Splitter - 80,589.92
60 CHP-401 Gas Turbine - 186,887,151.43
HRSG & CHP control

61 CHP-402

system - 46,293,787.24
62 E-401 Heat exchanger 866268.98 5354388.039
63 E-402 Heat exchanger 853193.57 5273569.269
64 E-403 Heat exchanger 1112477.57 6876197.537
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M5 A3 asunagunsalnmeglulsanulunsdlfinui 3.1 (sie)

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
65 H-401 Heater 1123712.39 2483009.739
66 H-402 Heater 12957236.24 28168844.1
67 P-401 Pump 123112.63 398884.909
68 T-401 Turbine 1723660.23 10566037.21
69 E-501 Heat exchanger -

70 H-501 Furnace 223976.29 557499.4348
71 H-502 Heater 5773864.86 13400945.68
72 M-501 Mixer 4598071.491
73 M-502 Mixer 6879072.339
74 P-501 Pump 527182.52 2559157.515
75 P-502 Pump 134497.65 644615.5219
76 P-503 Pump 185882.35 830004.7439
7 P-504 Pump 116770.70 378337.068
78 C-601 Compressor - 785433.4417
79 C-602 Compressor - 334845.3186
80 C-603 Compressor - 397930.7252
81 CS-601 Crusher - 36780.42598
82 E-601 fertilizer Cooler - 2786691.426
83 E-602 Cooler fertilizer - 1920366.866
84 G-601 Granulator - 18316665
85 H-601 Heater - 2194417.669
86 M-601 Mixing valve - 123969.9718
87 R-601 Urea Reactor - 2028988.742
88 R-602 Urea Reactor - 806751.89
89 R-603 Urea Reactor - 2384361.511
90 S-601 Screener - 717265.8888
91 TW-601 Tower - 2612654.72
92 TW-602 Tower - 491490.639
93 TW-603 Tower - 3656311.118
94 V-601 Flash vessel - 700691.8735
95 V-602 Flash vessel - 470008.835
96 V-603 Flash vessel - 1709114.324
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M5 A3 asunagunsalnmeglulsanulunsdlfinui 3.1 (sie)

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
97 C-701 Compressor 9589072.607 23109664.98
98 C-702 Compressor 4351791.489 10487817.49
99 C-703 Compressor 5677825.622 15557242.2
100 C-704 Compressor 6091308.256 16690184.62
101 E-701 Heat exchanger 984935.5101 3240437.828
102 E-702 Heat exchanger 449415.333 2042817.396
103 E-703 Heat exchanger 781264.8686 3551239.46
104 E-704 Heat exchanger 748268.4299 4709515.575
105 E-705 Heat exchanger 1649056.968 10378975.2
106 E-706 Heat exchanger 853071.6006 2812597.796
107 E-707 Heat exchanger 1011816.854 4763387.967
108 E-708 Heat exchanger 740031.6893 3483889.432
109 E-709 Heat exchanger 449415.333 2683683.661
110 FTS-701 Fischer-tropschh Reactor 3045338.844 19100797.39
111 FTS-702 Fischer-tropschh Reactor 3045338.844 19100797.39
112 H-701 Heater 3313680.74 7494352.803
113 H-702 Furnace - 56983116.89
114 H-703 Heater 2004621.796 4532454796
115 M-701 Mixing valve - 1317142.58
116 M-702 Mixing valve - 13558.06796
117 P-701 Pump 46936.88686 152075.5134
118 V-701 FE-Bed - 2757980.624
119 V-702 Flash vessel 418773.7731 3098507.147
120 V-703 AC-Bed - 2691605.901
121 V-704 Flash vessel 244081.1327 1805956.301
122 V-705 Flash vessel 244081.1327 1517501.218
123 V-706 Separator 244081.1327 3124636.562
124 V-707 Separator 244081.1327 3124636.562
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M50 Ad aguTmgunsalnelulsanulunsaldnui 3.2

109

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
1 Cv-101 Belt conveyor 665,269.40 831,586.76
2 Cv-101 Belt conveyor 823,514.45 1,029,393.06
3 CVv-101 Screw conveyor 165,202.94 181,723.24
4 D-101 Rotary Dryer - 612,713.45
5 E-101 Heat exchanger 694,080.26 3,154,941.82
6 E-102 Heat exchanger 707,062.95 3,276,953.93
7 E-103 Heat exchanger 877,002.20 5,237,018.61
8 E-104 Heat exchanger 946,385.75 5,831,439.69
9 F-101 Fan - 14,845.28
10 M-101 Mixer 2,833,425.32 3,910,126.94
11 M-102 Mixer 3,331,935.86 4,598,071.49
12 M-103 Mixing valve - 4,554,927.91
13 M-104 Mixing valve - 159,647.70
14 M-105 Mixing valve - 143,091.88
15 R-101 Anaerobic Digester 27,670,046.83 110,680,187.32
16 R-102 Anaerobic Digester 44,922,726.07 179,690,904.27
17 S-101 Screw press - 2,581,743.17
18 SP-101 Splitter - 64,511.60
19 C-201 Compressor 13,370,757.52 76,881,855.73
20 C-202 Compressor 14,319,127.41 82,334,982.61
21 C-203 Compressor 6,435,923.16 17,634,429.47
22 C-204 Compressor 7,684,359.85 21,055,145.99
23 C-205 Compressor 7,601,089.18 20,826,984.34
24 C-206 Compressor 7,322,510.35 20,063,678.35
25 C-207 Compressor 1,468,157.86 3,538,260.44
26 C-208 Compressor 6,763,979.12 1,482,933.91
27 E-201 Heat exchanger 954,765.15 4,427,527.32
28 E-202 Heat exchanger 827,947.97 3,686,768.94
29 E-203 Heat exchanger 720,894.43 3,358,915.69




M5 Ad asunmgunsalmeglulsanulunsdlfinui 3.2 (sie)

110

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
30 E-204 Heat exchanger 1,947,050.29 10,814,107.38
31 E-205 Heat exchanger 1,232,573.86 10,300,275.67
32 E-206 Heat exchanger 2,574,769.29 5,294,013.69
33 E-207 Heat exchanger 1,185,808.63 5,125,418.09
34 E-208 Heat exchanger 1,455,081.35 6,114,272.98
35 E-209 Heat exchanger 725,067.06 2,349,591.58
36 E-210 Heat exchanger 1,099,139.35 3,406,986.84
37 E-211 Heat exchanger 1,135,021.36 3,579,610.65
38 E-212 Heat exchanger 1,126,269.26 3,598,429.00
39 E-213 Heat exchanger 1,973,913.45 6,763,979.12
40 E-214 Heat exchanger 711,944.23 2,459,775.56
a1 M-201 Mixing Valve - 1,264,249.11
42 M-202 Mixing Valve - 254,697.46
43 P-201 Pump 414,191.44 1,341,980.26
a4 SP-201 Splitter - 80,589.92
a5 T-201 Turbine 962,204.82 5,898,315.53
a6 TW-201 Absorber 1,087,588.66 14,533,953.86
ar V-201 Flash vessel 1,197,122.90 16,483,017.38
a8 V-202 Flash vessel 1,162,913.94 15,868,242.62
49 V-203 Flash vessel 244,081.13 1,517,501.22
50 V-204 FE-Bed - 5,091,035.70
51 V-205 Flash vessel 244,081.13 1,517,501.22
52 V-206 AC-Bed - 5,021,164.57
53 C-301 Compressor 4,876,292.44 28,038,681.52
54 C-302 Compressor 5,265,254.07 30,275,210.88
55 C-303 Compressor 5,031,464.97 28,930,923.58
56 E-301 Heat exchanger 812,343.47 3,853,511.65
57 E-302 Heat exchanger 900,632.06 4,386,869.57
58 E-303 Heat exchanger 2,286,987.29 22,093,601.86
59 SP-301 Splitter - 80,589.92
60 CHP-401 Gas Turbine - 162,516,103.97
HRSG & CHP control
61 CHP-402 - 40,589,136.12

system




M5 Ad asunmgunsalmeglulsanulunsdlfinui 3.2 (i)

111

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
62 E-401 Heat exchanger 866,268.98 5,354,388.04
63 E-402 Heat exchanger 853,193.57 5,273,569.27
64 E-403 Heat exchanger 1,112,477.57 6,876,197.54
65 H-401 Heater 980,322.31 2,166,168.02
66 H-402 Heater 11,532,210.42 25,070,858.59
67 P-401 Pump 118,895.21 385,220.49
68 T-401 Turbine 1,502,673.65 9,211,389.49
69 E-501 Heat exchanger - -
70 H-501 Furnace 206,405.43 703,545.31
71 H-502 Heater 5,220,908.29 12,117,552.13
72 M-501 Mixer 4,598,071.49
73 M-502 Mixer 6,879,072.34
74 P-501 Pump 431,124.62 2,092,853.58
75 P-502 Pump 123,201.14 590,474.03
76 P-503 Pump 166,358.00 742,824.32
77 P-504 Pump 116,770.70 566,852.28
78 C-601 Compressor - 785,433.44
79 C-602 Compressor - 334,845.32
80 C-603 Compressor - 397,930.73
81 CS-601 Crusher - 36,780.43
82 E-601 fertilizer Cooler - 2,786,691.43
83 E-602 Cooler fertilizer - 1,920,366.87
84 G-601 Granulator - 18,316,665.00
85 H-601 Heater - 2,194,417.67
86 M-601 Mixing valve - 123,969.97
87 R-601 Urea Reactor - 2,028,988.74
88 R-602 Urea Reactor - 806,751.89
89 R-603 Urea Reactor - 2,384,361.51
90 S-601 Screener - 717,265.89
91 TW-601 Tower - 2,612,654.72
92 TW-602 Tower - 491,490.64
93 TW-603 Tower - 3,656,311.12
94 V-601 Flash vessel - 700,691.87
95 V-602 Flash vessel - 470,008.84




M5 Ad asunmgunsalmeglulsanulunsdlfinui 3.2 (sie)

112

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
96 V-603 Flash vessel - 1,709,114.32
97 C-701 Compressor 9,589,072.61 23,109,664.98
98 C-702 Compressor 4,351,791.49 10,487,817.49
99 C-703 Compressor 5,677,825.62 15,557,242.20
100 C-704 Compressor 6,091,308.26 16,690,184.62
101 E-701 Heat exchanger 984,935.51 3,240,437.83
102 E-702 Heat exchanger 449,415.33 2,042,817.40
103 E-703 Heat exchanger 781,264.87 3,551,239.46
104 E-704 Heat exchanger 748,268.43 4,709,515.57
105 E-705 Heat exchanger 1,649,056.97 10,378,975.20
106 E-706 Heat exchanger 853,071.60 2,812,597.80
107 E-707 Heat exchanger 1,011,816.85 4,763,387.97
108 E-708 Heat exchanger 740,031.69 3,483,889.43
109 E-709 Heat exchanger 449,415.33 2,683,683.66
110 FTS-701 Fischer-tropschh Reactor 3,045,338.84 19,100,797.39
111 FTS-702 Fischer-tropschh Reactor 3,045,338.84 19,100,797.39
112 H-701 Heater 3,313,680.74 7,494,352.80
113 H-702 Furnace - 56,983,116.89
114 H-703 Heater 2,004,621.80 4,532,454.80
115 M-701 Mixing valve - 1,317,142.58
116 M-702 Mixing valve - 13,558.07
117 P-701 Pump 46,936.89 152,075.51
118 V-701 FE-Bed - 2,757,980.62
119 V-702 Flash vessel 418,773.77 3,098,507.15
120 V-703 AC-Bed - 2,691,605.90
121 V-704 Flash vessel 244,081.13 1,805,956.30
122 V-705 Flash vessel 244,081.13 1,517,501.22
123 V-706 Separator 244,081.13 3,124,636.56
124 V-707 Separator 244,081.13 3,124,636.56




M15°991 A5 asusiangunsalnnglulssnulunsdlfnuii 3.3

113

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
1 CV-101 Belt conveyor 665269.4048 831586.756
2 Cv-101 Belt conveyor 823514.4474 1029393.059
3 CV-101 Screw conveyor 165202.9421 181723.2363
4 D-101 Rotary Dryer - 612713.4464
5 E-101 Heat exchanger 694080.2605 3154941.824
6 E-102 Heat exchanger 707062.9465 3276953.932
7 E-103 Heat exchanger 877002.1951 5237018.608
8 E-104 Heat exchanger 946385.7457 5831439.688
9 F-101 Fan - 14845.27725
10 M-101 Mixer 2833425.319 3910126.94
11 M-102 Mixer 3331935.863 4598071.491
12 M-103 Mixing valve - 4554927.914
13 M-104 Mixing valve - 159647.7033
14 M-105 Mixing valve - 143091.8765
15 R-101 Anaerobic Digester 27670046.83 110680187.3
16 R-102 Anaerobic Digester 44922726.07 179690904.3
17 S-101 Screw press - 2581743.165
18 SP-101 Splitter - 64511.60077
19 C-201 Compressor 13370757.52 76881855.73
20 C-202 Compressor 14319127.41 82334982.61
21 C-203 Compressor 6435923.164 17634429.47
22 C-204 Compressor 7684359.849 21055145.99
23 C-205 Compressor 7601089.177 20826984.34
24 C-206 Compressor 7322510.346 20063678.35
25 C-207 Compressor 1468157.859 3538260.441
26 C-208 Compressor 6763979.12 1482933.907
27 E-201 Heat exchanger 954765.147 4427527.317
28 E-202 Heat exchanger 827947.9712 3686768.941
29 E-203 Heat exchanger 720894.4326 3358915.692
30 E-204 Heat exchanger 1947050.294 10814107.38
31 E-205 Heat exchanger 1232573.863 10300275.67
32 E-206 Heat exchanger 2574769.287 5294013.691




M15°991 A5 asusiangunsalnnglulssnulunsdlfnuii 3.3

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
33 E-207 Heat exchanger 1185808.632 5125418.09
34 E-208 Heat exchanger 1455081.355 6114272.98
35 E-209 Heat exchanger 725067.0552 2349591.576
36 E-210 Heat exchanger 1099139.345 3406986.836
37 E-211 Heat exchanger 1135021.364 3579610.653
38 E-212 Heat exchanger 1126269.259 3598429.003
39 E-213 Heat exchanger 1973913.446 6763979.12
a0 E-214 Heat exchanger 711944.2313 2459775.559
a1 M-201 Mixing Valve - 1264249.113
42 M-202 Mixing Valve - 254697.4629
43 P-201 Pump 414191.438 1341980.259
a4 SP-201 Splitter - 80589.91942
a5 T-201 Turbine 962204.8178 5898315.533
a6 TW-201 Absorber 1087588.661 14533953.86
ar V-201 Flash vessel 1197122.901 16483017.38
a8 V-202 Flash vessel 1162913.939 15868242.62
49 V-203 Flash vessel 244081.1327 1517501.218
50 V-204 FE-Bed 0 5091035.704
51 V-205 Flash vessel 244081.1327 1517501.218
52 V-206 AC-Bed 0 5021164.572
53 C-301 Compressor 5608138.99 32246799.17
54 C-302 Compressor 6055476.97 34818992.59
55 C-303 Compressor 5786600.21 33272951.21
56 E-301 Heat exchanger 855311.05 4057336.842
57 E-302 Heat exchanger 962100.28 4686273.837
58 E-303 Heat exchanger 2630224.24 25409466.59
59 SP-301 Splitter - 80,589.92
60 CHP-401 Gas Turbine - 135,384,954.94
HRSG & CHP control

61 CHP-402

system - 43,516,978.73
62 E-401 Heat exchanger 775041.81 4790515.116
63 E-402 Heat exchanger 767010.29 4740872.435
64 E-403 Heat exchanger 879971.62 5439083.783

114



M5 A5 asunagunsalnglulsanulunsdlfinui 3.3 (sie)

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
65 H-401 Heater 816663.01 1804538.455
66 H-402 Heater 20078282.36 43516978.73
67 P-401 Pump 114851.54 372118.9865
68 T-401 Turbine 1251810.74 7673599.832
69 E-501 Heat exchanger - 2399045.337
70 H-501 Furnace 691315.56 1720753.691
71 H-502 Heater - -
72 M-501 Mixer 3331935.86 4598071.491
73 M-502 Mixer 4984835.03 6879072.339
74 P-501 Pump 364808.62 1770928.851
75 P-502 Pump 117868.97 564918.197
76 P-503 Pump 151475.95 676372.7668
7 P-504 Pump 107058.54 346869.6799
78 C-601 Compressor - 785433.4417
79 C-602 Compressor - 334845.3186
80 C-603 Compressor - 397930.7252
81 CS-601 Crusher - 36780.42598
82 E-601 fertilizer Cooler - 2786691.426
83 E-602 Cooler fertilizer - 1920366.866
84 G-601 Granulator - 18316665
85 H-601 Heater - 2194417.669
86 M-601 Mixing valve - 123969.9718
87 R-601 Urea Reactor - 2028988.742
88 R-602 Urea Reactor - 806751.89
89 R-603 Urea Reactor - 2384361.511
90 S-601 Screener - 717265.8888
91 TW-601 Tower - 2612654.72
92 TW-602 Tower - 491490.639
93 TW-603 Tower - 3656311.118
94 V-601 Flash vessel - 700691.8735
95 V-602 Flash vessel - 470008.835
96 V-603 Flash vessel - 1709114.324

115



M5 A5 asusagunsalneglulsanulunsdlfinui 3.3 (se)

No. ID FORMAT Name Purchase Cost (Baht) Bare Module Cost (Baht)
97 C-701 Compressor 9589072.607 23109664.98
98 C-702 Compressor 4351791.489 10487817.49
99 C-703 Compressor 5677825.622 15557242.2
100 C-704 Compressor 6091308.256 16690184.62
101 E-701 Heat exchanger 984935.5101 3240437.828
102 E-702 Heat exchanger 449415.333 2042817.396
103 E-703 Heat exchanger 781264.8686 3551239.46
104 E-704 Heat exchanger 748268.4299 4709515.575
105 E-705 Heat exchanger 1649056.968 10378975.2
106 E-706 Heat exchanger 853071.6006 2812597.796
107 E-707 Heat exchanger 1011816.854 4763387.967
108 E-708 Heat exchanger 740031.6893 3483889.432
109 E-709 Heat exchanger 449415.333 2683683.661
110 FTS-701 Fischer-tropschh Reactor 3045338.844 19100797.39
111 FTS-702 Fischer-tropschh Reactor 3045338.844 19100797.39
112 H-701 Heater 3313680.74 7494352.803
113 H-702 Furnace - 56983116.89
114 H-703 Heater 2004621.796 4532454796
115 M-701 Mixing valve - 1317142.58
116 M-702 Mixing valve - 13558.06796
117 P-701 Pump 46936.88686 152075.5134
118 V-701 FE-Bed - 2757980.624
119 V-702 Flash vessel 418773.7731 3098507.147
120 V-703 AC-Bed - 2691605.901
121 V-704 Flash vessel 244081.1327 1805956.301
122 V-705 Flash vessel 244081.1327 1517501.218
123 V-706 Separator 244081.1327 3124636.562
124 V-707 Separator 244081.1327 3124636.562
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A.3 Sizing Equipment

M3 A6 agUauInLAseeid1ALdImIUN15a34 Plot plan Yaensdifinwiil 3.2

suansliiufsiulsiddgdmiunisna plot plan

NO. ID FORMAT W(m) or D(m) L(m)
1 CV-101 0.83 2.50
2 CV-101 1.09 3.28
3 CV-101 0.45 1.34
q D-101 1.39 4.37
5 E-101 0.65 3.56
6 E-102 0.72 3.58
7 E-103 0.69 3.57
8 E-104 0.95 3.64
9 F-101 0.31 0.74
10 M-101 3.645 3.538
11 M-102 3.645 3.538
12 M-103 - -
13 M-104 - -
14 M-105 - -
15 R-101 13.34 -
16 R-102 17.46 -
17 S-101 1.93 5.8
18 SP-101 - -
19 C-201 3.07 6.42
20 C-202 3.24 6.78
21 C-203 2.02 4.15
22 C-204 2.20 4.54
23 C-205 2.19 4.52
24 C-206 2.15 4.44
25 C-207 1.48 2.99
26 C-208 1.41 2.83
27 E-201 0.73 3.58

28 E-202 0.87 3.62

29 E-203 0.73 3.58

30 E-204 1.84 3.86

31 E-205 2.60 4.05

32 E-206 1.06 3.66

33 E-207 0.78 3.59

34 E-208 0.66 3.56
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M13°9% A6 aguvunasasdfydniun1sasie Plot plan vensiifinwiil 3.2 (sie)

NO. ID FORMAT W(m) L(m)
or
D(m)

35 E-209 0.59 3.55
36 E-210 0.68 3.57
37 E-211 0.69 3.57
38 E-212 0.70 3.57
39 E-213 0.80 3.60
40 E-214 0.60 3.55
41 M-201 - -

42 M-202 - -

43 P-201 0.72 1.99
44 SP-201 - -

45 T-201 0.47 1.65
46 TW-201 2.38 -

a7 V-201 2.29 -

48 V-202 2.29 -

49 V-203 1.52 -

50 V-204 1.52 -

51 V-205 1.37 -

52 V-206 3.37 -

53 C-301 1.70 3.46
54 C-302 1.74 3.56
55 C-303 1.72 3.50
56 E-301 0.80 3.60
57 E-302 0.60 355
58 E-303 2.60 4.05
59 SP-301 - -

60 CHP-401 2.90 13.60
61 CHP-402 5.20 10.77
62 E-401 0.62 355
63 E-402 0.65 3.56
64 E-403 0.68 3.57
65 H-401 0.54 1.61
66 H-402 3.23 6.70
67 P-401 0.40 1.57
68 T-401 0.51 1.71
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M13°9% A6 alvuniasasiddydniun1sasie Plot plan vensiifinwiil 3.2 (sie)

W(m)
NO. ID FORMAT or L(m)
D(m)

69 E-501 - -

70 H-501 0.50 1.56
71 H-502 1.91 3.25
72 M-501 3.65 3.54
73 M-502 4.52 4.20
74 P-501 0.68 1.93
75 P-502 0.41 1.57
76 P-503 0.43 1.61
7 P-504 0.50 1.56
78 C-601 1.38 2.76
79 C-602 1.38 2.76
80 C-603 1.38 2.76
81 CS-601 1.90 2.19
82 E-601 393 15.00
83 E-602 2.76 15.00
84 G-601 7.00 5.00
85 H-601 0.50 1.56
86 M-601 - -

87 R-601 1.22 -

88 R-602 0.61 -

89 R-603 0.70 -

90 S-601 1.39 a.17
91 TW-601 0.91 -

92 TW-602 0.46 -

93 TW-603 2.44 -

94 V-601 1.07 -

95 V-602 1.37 -

96 V-603 1.81 -

97 C-701 1.65 2.07
98 C-702 1.56 1.90
99 C-703 1.79 2.35
100 C-704 1.85 2.44
101 E-701 0.62 3.55
102 E-702 0.59 3.55
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M13°9% A6 aguvunasasdfydniun1sasie Plot plan vensiifinwiil 3.2 (sie)

NO. ID FORMAT W(m) or L(m)
D(m)
103 E-703 0.64 3.56
104 E-704 1.43 3.76
105 E-705 1.10 3.67
106 E-706 0.62 3.55
107 E-707 0.84 3.61
108 E-708 0.59 3.54
109 E-709 0.59 3.54
110 FTS-701 3.72
111 FTS-702
112 H-701 0.68 1.78
113 H-702
114 H-703 0.55 1.62
115 M-701 - -
116 M-702 - -
117 p-701 - -
118 V-701 1.07 -
119 V-702 0.91 -
120 V-703 0.91 -
121 V-704 0.91 -
122 V-705 1.07 -
123 V-706 0.91 -
124 V-707 0.91 -
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Appendix B Manufacturing Cost

wanIUSuuNSlFeTUve9ingRu a@1515uUlnA warn1sUIUR
9 Y

M1519% B1 asudsunaunisleingaulunsasnsdl

121

Activated | Ammonia Cassava FTS Iron Methanol | OFMSW Reformer Wood
Case Carbon Anhydrous (MT/yr) Catalyst sponge Catalyst (MT/yr) Catalyst Chip
(MT/yr) | (MT/yr) (m>/hr) (MT/yr) (m>/hr) (m>/hr) (MT/yr)
Base Case 2,451.17 12,255.13 217,724.40 - 194.32 - 97,290.42 -
Methanol Case 2,635.11 12,255.13 | 217,724.40 - 259.34056 8,094.48 97,290.42 -
Diesel Case (60:40) 2,635.11 12,255.13 217,724.40 697.46 259.34056 97,290.42 | 11,644.70 -
Diesel Case (50:50) 2,635.11 12,255.13 217,724.40 697.46 259.34056 - 97,290.42 | 11,644.70 -
Diesel Case (40:60) 2,635.11 12,255.13 217,724.40 697.46 259.34056 - 97,290.42 | 11,644.70 1,212.47
“wynein) LiesandaussUizoniinsudeu 1 aSwied
M9 B2 aguunumsldasisylnaluusiaznsdl
Chilled water Cooling water Process water
Case GJ/yn) Gy (MT/yn)
Base Case 145,927.71 511,820.79 395,241.28
Methanol Case 163,622.84 475,914.80 392,210.36
Diesel Case (60:40) 186,023.86 437,794.01 387,881.40
Diesel Case (50:50) 189,359.97 144,428.12 343,935.93
Diesel Case (40:60) 192,696.08 455,341.16 281,787.70




M1599% B3 aguusunansidassullnalunsaznsal

Spent packed

Case (m3/yr)
Base Case -
Methanol Case 29,995.62
Diesel Case (60:40) 12,342.16
Diesel Case (50:50) 12,342.16
Diesel Case (40:60) 12,342.16
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97 C.1 %’a;ﬂama\‘i Stream lunsell Diesel Co-production (Best case)

Appendix C Stream Table

Stream No. 1 2 3 4 5 6 7 8 9 10 11

Temperature ("C) 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 37.00 37.00 36.50

Pressure (bar) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Mass Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

Mass Liquid Fraction 1.00 0.00 1.00 0.00 1.00 0.00 0.67 0.67 0.67 0.67 0.00

Mass Solid Fraction 0.00 1.00 0.00 1.00 0.00 1.00 0.33 0.33 0.33 0.33 0.00
Enthalpy Flow (kJ/sec) | -120188.01 | -45784.96 | -268966.49 | -59703.20 | -120188.01 | -45784.96 | -165972.97 | -328669.69 | -165649.91 | -327986.90 | -8982.43
Mass Flows (kg/hr) 27025.12 13512.56 60479.00 30239.50 27025.12 13512.56 40537.68 90718.50 40537.68 90718.50 4210.94

Mass Fractions

HYDROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.66

METHANE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28

WATER 1.00 0.00 1.00 0.00 1.00 0.00 0.67 0.67 0.67 0.67 0.03

OXYGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NITROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NH; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03

HoS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

BIOMASS 0.00 1.00 0.00 0.00 0.00 1.00 0.33 0.00 0.33 0.00 0.00

ASH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

FC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CASSAVA 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.33 0.00 0.33 0.00
Volume Flow (/min) a70.77 173.16 1053.53 390.60 470.77 173.16 643.93 1444.13 646.98 1450.94 64470.05




mseit C.1 doyaves Stream lunsdl Diesel Co-production (Best case)

Stream No. 12 13 14 15 16 17 18 19 20 21 22

Temperature (°C) 36.50 36.50 36.50 36.50 36.50 36.50 30.00 34.60 34.60 34.60 36.50

Pressure (bar) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Mass Vapor Fraction 0.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mass Liquid Fraction 0.97 0.00 0.95 0.00 0.96 1.00 1.00 1.00 1.00 1.00 0.91

Mass Solid Fraction 0.03 0.00 0.05 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.09
Enthalpy Flow (kJ/sec) | -156339.71 | -60677.81 | -267113.91 | -69660.23 | -423453.63 | -254955.94 | -105580.27 | -360536.21 | -268562.64 | -91973.57 | -168497.69
Mass Flows (kg/hr) 36326.73 27358.60 63359.90 31569.54 99686.63 57450.54 23740.46 81191.00 60479.00 20712.00 42236.10

Mass Fractions

HYDROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CO, 0.00 0.73 0.00 0.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00

METHANE 0.00 0.24 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00

WATER 0.97 0.03 0.95 0.03 0.96 1.00 1.00 1.00 1.00 1.00 0.91

OXYGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NITROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NH; 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

HoS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

BIOMASS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ASH 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02

C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

FC 0.02 0.00 0.04 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.07

CASSAVA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Volume Flow (/min) 624.94 389655.19 1079.74 454125.26 1704.69 1006.83 413.55 1420.36 1058.02 362.34 697.85
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msii C.1 oyaves Stream Tunsdl Diesel Co-production (Best case) (sie)

Stream No. 23 24 25 26 27 28 29 30 31 32 33

Temperature (°C) 45.35 82.60 30.00 46.45 100.00 100.00 147.16 70.00 187.45 187.36 76.53

Pressure (bar) 1.00 1.00 1.00 1.16 1.00 1.00 3.16 3.16 10.00 10.00 10.00

Mass Vapor Fraction 0.00 0.00 1.00 1.00 0.03 0.00 1.00 1.00 1.00 1.00 0.99

Mass Liquid Fraction 0.91 091 0.00 0.00 0.97 0.00 0.00 0.00 0.00 0.00 0.01

Mass Solid Fraction 0.09 0.09 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
Enthalpy Flow (kJ/sec) | -168036.98 | -166093.18 0.13 0.60 -166129.01 | 153251 | -54560.53 | -55293.03 | -54176.17 | -54216.68 | -55391.13
Mass Flows (kg/hr) 42236.10 42236.10 100.00 100.00 38400.36 | 3935.74 | 25187.54 | 25187.54 | 25187.54 | 25206.27 | 25206.27

Mass Fractions

HYDROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CO, 0.00 0.00 0.00 0.00 0.00 0.00 0.72 0.72 0.72 0.72 0.72

METHANE 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.24 0.24 0.24 0.24

WATER 0.91 0.91 0.00 0.00 1.00 0.00 0.03 0.03 0.03 0.03 0.03

OXYGEN 0.00 0.00 0.23 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NITROGEN 0.00 0.00 0.77 0.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NH; 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01

HoS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

BIOMASS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ASH 0.02 0.02 0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00

C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

FC 0.07 0.07 0.00 0.00 0.00 0.78 0.00 0.00 0.00 0.00 0.00

CASSAVA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Volume Flow (/min) 703.51 730.33 145591 | 1323.36 | 27546.57 26.63 155539.32 | 126562.69 | 53602.29 | 53632.44 | 39802.83
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msait C.1 Foyaves Stream lunsdl Diesel Co-production (Best case) (sie)

Stream No. 34 35 36 37 38 39 40 a1 a2 43 aaq
Temperature (°C) 35.00 30.43 31.36 66.53 66.51 66.51 90.00 87.14 87.15 40.00 30.00
Pressure (bar) 10.00 10.00 10.00 10.00 10.00 10.00 10.00 3.33 1.00 1.00 1.00
Mass Vapor Fraction 0.97 1.00 0.00 0.00 1.00 0.00 0.09 0.00 0.00 0.00 0.00
Mass Liquid Fraction 0.03 0.00 1.00 1.00 0.00 1.00 0.91 1.00 1.00 1.00 1.00
Mass Solid Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Enthalpy Flow (kJ/sec) | -56159.39 | -10293.50 | -785185.51 | -784011.10 | -40.50 | -783970.59 | -778819.92 | -731052.33 | -731061.93 | -741622.06 | -743858.73
Mass Flows (kg/hr) 25206.27 7054.52 186151.74 | 186151.74 | 18.73 | 186133.01 | 186133.01 | 167346.67 | 167346.67 | 167346.67 | 167346.67
Mass Fractions
HYDROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO, 0.72 0.13 0.09 0.09 0.71 0.09 0.09 0.00 0.00 0.00 0.00
METHANE 0.24 0.86 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 0.00
WATER 0.03 0.00 0.91 0.91 0.02 0.91 0.91 1.00 1.00 1.00 1.00
OXYGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NITROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH; 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HoS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Volume Flow (Vmin) | 33602.78 | 16902.81 3087.82 3209.32 29.48 3208.78 23663.49 3090.26 3090.51 3784.78 3708.68




msii C.1 doyaves Stream Tunsdl Diesel Co-production (Best case) (sie)

Stream No. a5 a6 ar a8 49 50 51 52 53 54 55
Temperature (°C) 30.00 30.00 30.10 87.14 55.00 39.06 39.06 39.00 39.00 7.00 7.00
Pressure (bar) 1.00 1.00 10.00 3.33 3.33 1.00 1.00 1.00 1.00 1.00 1.00
Mass Vapor Fraction 0.00 0.00 0.00 1.00 0.94 0.00 1.00 1.00 1.00 0.98 0.00
Mass Liquid Fraction 1.00 1.00 1.00 0.00 0.06 1.00 0.00 0.00 0.00 0.02 1.00
Mass Solid Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Enthalpy Flow (kJ/sec) | -1204.58 | -739376.24 | -739319.63 | -47767.59 | -48773.49 | -4788.02 | -43985.47 | -4.69 | -43982.81 | -44397.69 | -1677.35
Mass Flows (kg/hr) 270.86 168000.00 | 168000.00 | 18786.34 | 18786.34 | 1079.80 | 17706.54 | 28.46 17678.08 17678.08 374.70
Mass Fractions
HYDROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO, 0.00 0.00 0.00 0.91 0.91 0.00 0.96 0.00 0.96 0.96 0.00
METHANE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
WATER 1.00 1.00 1.00 0.08 0.08 1.00 0.02 0.00 0.02 0.02 1.00
OXYGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NITROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH; 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.00
HoS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00
Volume Flow (/min) a.72 2830.80 2831.07 71836.28 | 56371.97 18.97 182966.01 | 358.89 | 182511.99 | 155593.97 6.40
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msii C.1 doyaves Stream Tunsdl Diesel Co-production (Best case) (sie)

Stream No. 56 57 58 59 60 61 62 63 64 65 66
Temperature (°C) 7.00 7.00 7.00 101.15 90.00 200.67 90.00 202.06 88.00 202.96 100.00
Pressure (bar) 1.00 1.00 1.00 3.00 3.00 9.00 9.00 27.00 27.00 81.00 81.00
Mass Vapor Fraction 1.00 0.82 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mass Liquid Fraction 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mass Solid Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Enthalpy Flow (kJ/sec) | -42720.34 | -393.55 | -42363.12 | -41975.74 | -42024.80 | -41528.75 | -42043.33 | -41553.96 | -42110.99 | -41643.76 | -42236.26
Mass Flows (kg/hr) 17303.38 | 271.77 17031.61 | 17031.61 | 17031.61 | 17031.61 | 17031.61 | 17031.61 | 17031.61 | 17031.61 | 17031.61
Mass Fractions
HYDROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO, 0.98 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
METHANE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
WATER 0.00 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OXYGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NITROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH; 0.01 0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HoS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Volume Flow (/min) | 155587.57 | 5015.59 | 149518.21 | 66548.01 | 64512.83 | 28078.57 | 21179.20 9269.23 6681.04 2995.98 2017.00
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msii C.1 doyaves Stream Tunsdl Diesel Co-production (Best case) (sie)

129

Stream No. 67 68 69 70 71 72 73 74 75 76 7 78 79
Temperature (°C) 118.83 118.83 21.11 118.83 155.50 100.00 34.87 149.91 80.00 203.52 80.00 195.21 30.00
Pressure (bar) 97.54 97.54 97.54 97.54 138.27 138.27 10.00 30.00 30.00 90.00 90.00 251.01 251.01
Mass Vapor Fraction 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mass Liquid Fraction 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mass Solid Fraction 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
Enthalpy Flow (kJ/sec) | -42171.31 | -34737.74 | -35826.67 | -7433.57 | -7410.02 | -7483.67 | -5146.75 | -4902.81 | -5065.99 | -4788.77 | -5107.16 | -4850.15 -5340.56
Mass Flows (kg/hr) 17031.61 | 14029.43 | 14029.43 | 3002.18 | 3002.18 | 3002.18 | 3527.26 | 3527.26 | 3527.26 | 3527.26 | 3527.26 | 3527.26  3527.26
Mass Fractions
HYDROGEN 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.13 0.13 0.13 0.13 0.13 0.13
CO, 1.00 1.00 1.00 1.00 1.00 1.00 0.86 0.86 0.86 0.86 0.86 0.86 0.86
METHANE 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
WATER 0.00 0.00 0.00 0.00 0.00 0.00 73 74 75 76 7 78 79
OXYGEN 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
NITROGEN 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
NH; 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
HoS 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
Volume Flow (/min) 1785.53 1470.79 305.41 314.74 252.05 179.66 8423.15 | 3897.91 | 3194.89 | 148358 | 1026.77 548.17 296.27
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Stream No. 80 81 82 83 84 85 86 87 88 89 90 91 92
Temperature | 34.8 | 45.0 100.0 | 155.0 | 170.6 | 170.6 351.0 | 164.9
. 31.85 30.00 30.00 | 30.08 557.90
Qo) 7 0 6 0 9 9 2 5
10.0 | 10.0
Pressure (bar) 8.00 1.00 1.00 8.00 8.00 8.00 8.00 8.00 1.10 24.00 | 24.00
0 0
Mass Vapor
1.00 | 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.68 1.00 1.00 1.00 0.00
Fraction
Mass Liquid
0.00 | 0.00 0.00 0.00 1.00 1.00 1.00 1.00 0.32 0.00 0.00 0.00 1.00
Fraction
Mass Solid
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
Fraction
Enthalpy
5146 | 5127 | 5152. | 248.57 | 28127 | 28126 | 27566 | 27113 | 24440 | 23245 | 38374. | 1383 1650
Flow (kJ/sec)
75 A1 34 .82 .00 57 .39 .26 .33 65 1.66 4.80
Mass Flows 3527 | 3527 | 3527. | 18693 | 6352. | 6352. | 6352. | 6352. | 6352. | 6352. 19681 | 3879. | 3879.
(kg/hr) .26 .26 26 7.73 71 71 71 71 71 71 7.70 43 43
Mass
Fractions
CcO 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
Cco, 0.13 | 0.13 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00
METHANE 0.86 | 0.86 0.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
WATER 0.00 | 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 0.07 1.00 1.00
OXYGEN 0.00 | 0.00 0.00 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.00 0.00
NITROGEN 0.00 | 0.00 0.00 0.77 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.00 0.00
NH3 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
H,S 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
SO, 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
NO, 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
Volume Flow | 8423 | 8700 | 1043 27210 125.1 125.1 132.2 | 140.1 | 17669 | 25916 | 73653 | 7391.
86.62
(min) .15 .06 7.24 14.82 7 7 3 8 .05 .58 22.40 60
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msait C.1 deyaves Stream Tunsal Diesel Co-production (Best case) (sie)

Stream No. 93 94 95 96 97 98 99 100 101 102 103 104 105
Temperature (* | 101.3 | 227.6 | 1524 101.3 101.3 101.3 | 101.3 | 101.3
101.36 101.36 | 101.36 73.08 | 73.83
@] 6 5 1 6 6 6 6 6
Pressure (bar) 1.01 5.00 5.00 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01
Mass Vapor
0.00 1.00 0.21 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00
Fraction
Mass Liquid
1.00 0.00 0.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00
Fraction
Mass Solid
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
Fraction

Enthalpy Flow
3014. | 3176. | 3629. | 96874. | 3689. 1743. | 48577. | 11069. | 195.5 | 3185. | 3745. | 2066. | 4372.

(kJ/sec)
49 26 44 04 91 48 13 74 7 87 29 55 71
Mass Flows 694.9 | 876.2 | 876.2 | 26253. 1000. 472.5 13164. | 3000.0 863.4 | 863.4 | 4725 | 1000.
53.00
(kg/hr) 3 1 1 74 00 0 84 0 0 0 0 00
Mass Fractions
WATER 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Volume Flow 6621. | 1203. | 74236 | 28276 | 13360 | 37225 | 84829. | 1498. | 24414
14.48 18.00 9.61 20.35
(Vmin) 53 57 7.16 .63 71 7.23 88 66 .19

ms1eit C.1 Foyaves Stream lunsal Diesel Co-production (Best case) (sie)

Stream No. 106 107 108 109 110 111 112 113 114 115 116 117 118
Temperature ( 101.3 | 723
N 73.00 75.85 76.48 | 34.70 | 49.52 | 85.38 76.91 73.16 30.00 | 30.03 | 70.88
@) 6 6

Pressure (bar) | 24.00 1.01 1.01 1.00 76.50 500 | 76.50 | 76.50 76.50 76.50 1.00 6.90 6.90

Mass Vapor
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
Fraction
Mass Liquid
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Fraction
Mass Solid
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
Fraction

Enthalpy Flow
1696 | 1301 | 231. | 92583 | 92523 | 3874. | 3872. | 16957 | 113353 | 113482 | 25978 | 2597 | 2565
(kJ/sec)
5.51 3.54 85 .87 .33 35 03 71 .06 .62 .04 6.79 7.84

Mass Flows 3879. | 3000. | 53.0 | 21109 | 21109 | 876.2 | 876.2 | 3879. | 25864. | 25864. | 5841. | 5841. | 5841.
(kg/hr) 43 00 0 A7 A7 1 1 43 82 82 34 34 34

Mass Fractions

WATER 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Volume Flow 384.9 384.3 101.7 101.7 | 1059
78.86 62.53 1.08 17.32 | 15.52 71.32 471.10 469.21
(Vmin) 2 0 5 5 2
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Stream No. 119 120 121 122 123 124 125 126 127 128 129 130 131
Temperature 185.4 | 242.3 159. | 120.3 183.0 | 183.0
i 34.00 72.40 | 7240 | 74.68 136.68 | 167.00 | 183.00
Qo) 4 5 23 3 0 0
156.9 | 138.2 | 138.2 | 138.2 | 138.2 | 138.2 | 138. | 138.2 138.2 | 138.2
Pressure (bar) 138.27 | 138.27 | 138.27
1 7 7 7 7 7 27 7 7 7
Mass Vapor
0.00 1.00 0.00 0.00 0.11 0.07 1.00 0.42 0.73 0.31 0.15 1.00 0.00
Fraction
Mass Liquid
1.00 0.00 1.00 1.00 0.89 0.93 0.00 0.58 0.27 0.69 0.85 0.00 1.00
Fraction
Mass Solid
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
Fraction
Enthalpy
1906 | 11224 | 9433 | 9941 2437 | 2451 | 7548 | 4187 | 17318 | 19193 | 19193 | 2227 | 16965
Flow (kJ/sec)
6.90 4.31 7.64 1.95 9.62 1.42 .83 5.15 6.30 5.95 5.95 6.88 9.07
Mass Flows 1036. | 2396. | 1233. | 1233. | 311.8 | 299.6 | 124. | 7137 | 4146.1 | 2896.7 | 3082.7 | 603.2 | 2479.
(kg/hr) 22 11 50 64 2 2 72 8 1 6 7 9 48
Mass 1764 | 62725 | 4184 | 4184 | 6162. | 6162. | 4072 | 1658 | 96957. | 96957. | 96957. | 1448 | 82477
Fractions 7.38 .08 4.02 4.02 12 13 76 5.25 66 97 72 0.27 46
UREA
CARB 0.00 0.00 0.65 0.65 0.01 0.01 0.00 0.04 0.01 0.01 0.28 0.00 0.33
CO, 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.50 0.25 0.00 0.29
NH, 0.00 0.57 0.02 0.02 0.14 0.10 0.64 0.32 0.42 0.14 0.08 0.43 0.02
H,O 1.00 0.41 0.01 0.01 0.03 0.00 0.02 0.24 0.48 0.27 0.22 0.45 0.18
N, 0.00 0.03 0.32 0.32 0.81 0.81 0.04 0.33 0.07 0.07 0.16 0.03 0.18
0O, 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.02 0.00 0.00 0.00 0.03 0.00
H,S 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.03 0.00 0.00 0.00 0.03 0.00
UREA-S 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
CHq 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.02 0.00 0.00 0.00 0.03 0.00
Volume Flow | 502.5 | 8201. | 703.2 | 600.1 | 120.5 | 1119 | 499. | 863.8 | 7003.3 | 5056.0 | 3588.6 | 2103. | 1484.
(min) 6 04 2 6 4 7 02 7 2 1 3 91 72
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ms1eit C.1 Foyaves Stream Tunsdl Diesel Co-production (Best case) (se)

Stream No. 132 133 134 135 136 137 138 139 140 141 142 143 144

Temperature ( 132.0 | 132.0
B 72.40 30.00 | 3530 | 4500 | 8392 | 7591 | 30.00 | 34.27 | 74.56 | 74.56 | 74.56
Q) 0 0
138.2
Pressure (bar) 1.00 1.00 1.00 1.05 1.05 1.00 1.00 0.98 1.02 1.02 1.02 1.02
7
Mass Vapor
0.00 1.00 0.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 1.00 0.00 0.00
Fraction
Mass Liquid
1.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fraction
Mass Solid
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 1.00
Fraction

Enthalpy Flow
(kJ/sec)

7520 | 8503. | 6407 13.45 28.36 55.66 | 22459 | 77011 | 4.04 7.64 | 3839 | 7704 | 3557
4.15 60 8.61 .66 .99 2.75 9.17

Mass Flows 921.8 | 1285 | 7933 | 346.6 | 346.6 346.6 | 6858 | 844.8 | 103.9 | 1039 | 104.0 | 844.7 | 390.1

(kg/hr) 2 0 2 2 2 2 3 1 8 8 2 7 2
Mass 3568 | 2326. | 3335 | 10000 | 10000 | 10000 | 16147 | 50616 | 3000. | 3000. | 3002. | 5061 | 2337
Fractions 1.90 46 543 .00 .00 .00 .90 73 00 00 17 4.56 4.35

UREA

CARB 0.76 0.01 0.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Co, 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
NH; 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
H,O 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
N, 0.24 0.99 0.18 0.00 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.00 0.00
O, 0.00 0.00 0.00 0.77 0.77 0.77 0.48 0.00 0.77 0.77 0.77 0.00 0.00
H,S 0.00 0.00 0.00 0.23 0.23 0.23 0.14 0.00 0.23 0.23 0.23 0.00 0.00
UREA-S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 1.00
CHq 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

Volume Flow | 497.0 | 7165 | 477.6 | 14561 | 14111 | 14555 | 33787 | 632.1 | 4454 | 4343 | 4913 | 632.1 | 291.9
(/min) 2 0.73 9 3.68 2.58 8.43 9.84 3 535 2.28 5.46 0 1
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Stream No. 145 146 147 148 149 150 151 152 153
Temperature (°C) 74.56 | 74.56 74.56 74.56 30.00 34.27 71.45 72.78 71.45
Pressure (bar) 1.02 1.02 1.02 1.02 0.98 1.02 1.02 1.02 1.02
Mass Vapor Fraction 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 0.00
Mass Liquid Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mass Solid Fraction 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 1.00
Enthalpy Flow (kJ/sec) | -53.60 | -53.60 | -35632.21 | -41409.98 5.38 10.18 52.09 90.49 -41451.89
Mass Flows (keg/hr) 0.59 0.59 390.71 454.06 138.65 138.65 138.65 242.67 454.06
Mass Fractions 3521 | 35.21 | 23409.19 | 27205.00 | 4000.00 4000.00 4000.00 7002.17 27205.00
UREA
CARB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Co, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
O, 0.00 0.00 0.00 0.00 0.77 0.77 0.77 0.77 0.00
H,S 0.00 0.00 0.00 0.00 0.23 0.23 0.23 0.23 0.00
UREA-S 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 1.00
CH,q 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Volume Flow (/min) 0.44 0.44 292.35 339.75 59393.80 | 57909.71 | 64927.12 | 114062.93 339.75




Appendix D : Calculation Example

D.1 Amount of Catalyst

nsAaUsIanslddiusUfazetty 13

M15719% aguiuusnaalalunisaun

Type Catalyst

Density (kg/m?) | Space velocity (1/hr)

Cost (Baht/kg)

FTS Catalyst -3,685 2,800 1,236
Methanol Catalyst | 1,500 7,000 600
Reformer Catalyst 1,090 30,000 60
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ALwa(50:50)

Inlet Volumetric flow for FTS reactor = 11,644.70 m>/hr

Amount of Reformer catalyst =

= 846.18

Cost of Reformer per year

D.2 Energy & Material Balance

D.2.1 Material Balance

(11,644.70 m*/hr x 1,090 ke/m?3) / 30,000 1/hr

ke
846.18 kg x 60 Baht/kg

25,385.44 Baht

Assumption: Steady State f4tiu Accumulation = 0

Accumulation = Materials Input — Materials Output = 0

Materials Input = Materials Output

§1729819 Material Balances 59U Anaerobic Digestor (R-101)
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Materials Input = Materials Output

Feed = Biogas + Digestate

40,537.66 =4,210.93 + 36,326.73
40,537.66 = 40,537.66

D.2.2 Energy Balance
Assumption: Steady State
$179814 Energy Balances 59U Compressor (C-201)

Molar flow rate = 235.32 mol/s Compressibility Factor (z) = 0.9967

Inlet Temp (T1) = 309.65 K Pinlet (P1) = 1 bar
Poutlet (P2) = 3.16 bar k= Cp/Cv = 1.296 ety a = 0.228
R =8.314 J/mol K Efficiency = 0.80

Mechanical Efficiency = 0.96, Power
Power = mzRT1[({P2/P1}*-1))/a = 235.32 x 0.9967 x 309.65 x 8.314 x ((3.16)°?%%-1)/0.228

Power = 794377.83 W = 794.38 kW  Power Required = 794.38/(0.96 x 0.8) = 1034.35 kW

WagunuAIaInmIs1e (1,059.81 kW) WU3I1A11NA1SANUIMLBWAYaN Simulation ThawAesny

#29814 Energy Balances 59U Pump (P-201)

Pinlet = 1bar, Poutlet = 10 bar, Flow = 2.83 m3/min Efficiency = 0.75

Power Required = 1.67 x Flow x (P2-P1)/Efficiency = 1.67 x 2.83 x 9/0.75 = 56.71 kW
deleufiumainmsne (56.62 kW) nudiainniseandiewazain Simulation TndlAeaiu

$179819 Energy Balances 98U Turbine (T-401)
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Molar flow rate = 55.81 mol/s Compressibility Factor (z) = 0.9822

Inlet Temp (T1) = 318.15 K Pinlet (P1) = 10 bar

Poutlet (P2) = 8 bar k= Cp/Cv = 1.323 ¢t a = 0.244

R =8.314 J/mol K Efficiency = 0.80 Mechanical Efficiency = 0.95

Power = mzRT1[({P2/P1}a-1))/a = 55.81 x 0.9822 x 318.55 x 8.314 x ((0.8)*%**-1)/0.244
Power = 794377.83 W = 794.38 kW  Power Required = 794.38/(0.96 x 0.8) = 1034.3 kW
Power = -31529.32 W =-31.53 kW

Total Work Produce =-31.53 x 0.8 x 0.95 = -23.96 kW L5l atflaufua191n91579 xx (-23.96KW) wuin

A191INNISAIUINIBLEZAIN Simulation TndlAseiy

§179814 Energy Balances 59U Heat Exchanger (E-401)

Lig Cold inlet T = 30.08 C, Cold outlet T = 100.06 C P= 8 bar

Vapor Hot inlet T = 101.355 C, Liquid Hot Outlet T = 101.355 C (Condensing)
P = 1.01 bar Latent heat = 2252.89 kJ/kg steam mass flow rate = 0.24 kg/sec
U = 0.85 kW/m? C, ATlm = 17.59

Q= 0.24 x 2252.89 = 500.69 KW A = Q/(U x ATlm) = 36.16 m? 1l afisuriurfi laa1n Simulation

(37.69 m? ) WUINANINNITAILINDBLAZAN Simulation TnaLAsayY
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1.Anaerobic Digestor

uiaTinmuszneumenialmutazasuaulasenlenifundnuazuialuiouu o lalasiaudalng
wazkeuluily nsiansanuianmualuniadinmddduiisenalndslewn3nlneiiansanainniseee

AANUUDILFALIAUSENAUNNBLMANDIAUSLNDUVDILAFTININ

(%

~JupBULINABNTLENDIATIAUTENOUIINNTIATIEH Proximate way Ultimate Analysis iniduluiana

Wi (Hy,02Noiae Hy0) fusg (S wag C) Ash wag FC

Substrate Food Waste Cassava Pulp FC
Component | Ultimate Analysis (%wt dry basis)

Ash 9.7 1.58 0
Carbon 45.6 42.90 63.7
Chlorine 0.0 0.00 0
Hydrogen 6.2 572 5.2
Nitrogen 2.3 0.73 0.5
Oxygen 36.2 49.09 30.4
Sulfur 0.2 0.12 0.15
Component | Proximate Analysis (%wt dry basis)

Ash 9.7 1.58 0
FC 13.6 8.91 100
VM 76.7 89.51 0
Moisture 67.0 8.88 0
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TughumsusiniiiAsduly R-Yield Tu Aspen plus axneuves C H N O uag S fegluguluanaves Fixed

Carbon agliignuidnluseiiiorwinuazindnsann FC udalunmamdnisazuessininiussduszneuly

[

vosdaduluanaufaliainaised Welhlumuwinaegld Mass Flow vadluanasiesingg fail

Component Mass Flow (kg/h)
Food Waste Cassava Pulp
H2 243.23 1451.50
02 1426.93 12773.16
N2 101.34 190.51
H20 36074.48 63131.00
S 8.11 27.22
C 1641.78 10251.19
Ash 433.75 435.45
FC 608.06 2458.47

Jumauniaesfonisuiadluanania (H2,02,N2uay H20) Ause (S waz O) Wuuiatnnlagldufise

e
=De

1. N2+3H2—2NH3

2.5 +H2— H2S

3.2H2 + 02 — 2H20

4.C +2H2 — CHa
5C+02— CO2

6.2C + 2H20 — CHa + CO2

ansnsnuiiludanrundnsuuisen: 1, 2 uaz 6 fie: N, S waz C auaau ludiuvesasnsiuidu
v o ° [ aaa i ' v oY x LY S v A& ¥ o I

fnvuadmiulnsei 3 asuanansiunndunmsminveyems ansdsnuiiludinuafe H, vin
Junsulinnindudvemdanziu 0, luduvesliisend 4 uay 5 gninuiduiiefiudssansnmuay

Tilndfeaiunnuluasdlagagldasmiuasiiunelulfisens 3 Wuaisivuauizen



