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foyanuwaluazAge (Abbreviations)

aussnuzvedgunsal, Capacity

ﬁuﬁuamﬂ?ﬂ'&mmm%@u, Heat transfer area (m?)
éfmqu@hLLﬁaﬂmmﬁ’LﬁumiﬁwLﬁuﬂizmumi, Operating labor cost
G’quumimamiﬂmw, The cost of manufacturing
mmagmm%fauaﬁ’%ww, Heat capacity (J/kg*K)

iﬂmqﬂﬂ‘siﬁ, Purchased equipment cost

ﬁunufmqau, Total raw material cost

Auvuans1sallng, Total utility cost

nntiuanlssud1Uznas, Cassava waste

AunuUdnvends, Waste treatment cost

iéusuAugnag, Diameter (m)

NanaULUTlESUINTASINNG, Discounted Cash Flow Rate of Return
ﬁﬁLéauiﬂﬂﬂ, Depreciation

izazﬁ‘m@u, Discounted Pay Back Period (U)

Lﬁuamulﬁ%m’m, Fixed capital investment
Funumsamuisudulagliisanafiau, Fixed capital investment without
Land cost

Uadgvilnveadan, Material factor

{J99uAIUAU, Pressure factor

ﬁﬂuau%umm, Quantity amount of tray factor

Uadugumngil, Temperature factor

VYN EIINYUTY, Food waste

an31Anan, Discount rate



Not

NPV

Sa

IINTURUN ATt uN13IANITOYNIA, The number of

nonparticulate processing steps
Auusduseng, The number of operator per shift
yaA1JagUugns, Net Present Value
ANAY, Pressure (atm)
WAIUANLTOUNABINTT, Heat required (kW)
P ' a o ¢ Oy A ] Y Aa A
yaA1AnIRzuedunindanisiuldiionunargnsldnushiusmnaun
%0 asuAuUlATINTg, Salvage value

9MI1A1Y, Taxation rate

gaungil, Temperature (°C)

'3
a a 1

AduUsEanSMTanglauAusaulnesIy, Overall heat transfer coefficient

(W/m?+K)



unajuURuIMT (Executive Summary)

Jytunasnudiulngndnunanigomaussnnieadaniurasnunansssusfnagnis

AuRpINsNaIuTliiunnlduiazanas dilugnisnawnaunineinsnisuansiufissansenuse

'
v oa

Aawndey mawfﬂﬁzmﬂﬂaﬂﬁwé’qLm%zwﬁﬁummLLﬂsUiausuaaﬁﬁiwmaLLazqmmﬁﬁﬁmumqﬁu
wufin Circular city gnAnduiiudiaussiminganisaiuand aegldnanssuiunmswdeiudiuas
U3MsoE AU ANS A MRaBANTEUIUNITINAAIIYBIHANTENUS 0A JWInd DuLAT YDA DAL
ansasdunszuaumslulfednsdsdu insughanuumyuisudunddugnseansuianadidu
MTYIANMIFURAMNTTH LATYERY wazAanden eadaniidailiiuausull

Tuvssmelnefiimanouaussdensidsundasiifintuilaoweemysanimnniadaui
AesguazionvuLiiasesiufiuguuuurestuIAalmsiog1a Circular City funeiannazeanuuy
Auwuugsnawuulng A BCG Model Usenauludie B Laswgian1ud10m (Bio Economy) C
\AsugAanywIeu (Circular Economy) Wag G LaswgAadideaiidulingsed wwandou(Green
Economy) Fufiufitnvesasinisnsusemansesnwuunaimnssuaiiumenfdmsudandnane
9 2563-2564 270 Bio-Residue Utilization for Circular City Tuad sl Tneysiuniseaniuy
nszvrunsiiussuuiiannsofanfuldsenindinuuazgpamnssy Fdlvanuddniunda
nALUBEINIUAaTIANTnsuUs3UINaInveEyadesaInguTy (Municipal Waste) wagnnsiu
Mnlsanuudsiudends (Cassava Waste) 9ngmanmnssuinwns Afidnoamwlunsuasmdaanuld

I < Y v
wilunszuiunsuazdeaniluansisyulaaliiuyusu

21NULAAA BCG Model ansnsminanuszgnaldluniseoniuunszsuiumsld dail dudanm
l¥n1svovaarvarsdunigluaniigliennia (Anaerobic Digestion) Tun1SHARLAGTININ AIUNTT
nywIguvinsisiaginnlundandsnuldaislunssuiunisedrandanulniimessuunisngs
Iyluagenu¥eusiu (Combined Heat and Power) tuntsvisuisudulu fo anunsavhdsfivud
wUsiUasudud sl uusslowd e edluszuuneu ddudam de nsvuuieudunen fe
nszvumsldsureslifssrasdvo sliguaunasinumsnssuandanmsusudsuduasisyulng
sthandselihdsduliunaueuietidahiiduesdusznovlunssuiumsgosaaeiiudlina
iwnanssuunisfusuardsduduiees ldfswddussuunssuiumsdignesnuuulianodiy
AMATNAIBNTELUIUNT Amine Absorption LTuufaLd oinds (Fuel Gas) uwaziiaindssugud
(Compressed Biomethane Gas) fidsseliunngmannnssudulsegsiiyaduazldzuselsndumn
afurnguauiunazdaduliuAnssuunmaiou foRwusAafiyatiuaiedsaiifen fuldogng
iy fuAunndondenssuiunsmandeudvendeilifisusrasdeaninannssuiunmsluiiide
ufaesusulaeenlus (CO,) FauduufaFounszaniiluawnmudnvedinganisaisuuaiulutiagu
nszvIumsiiimsiansegisyaniamilasnniufailiensudesgusseniatanfiugadisi

N3¥UIUN1S Water Scrubbing tausuugslvdiaaninunnwemiluldlunirgnavnssudunaseall



nszvrumMsLUssUnaradnidutgmiudanadeuidesandeddnarlunsdosaaneyinliiin
ﬁzgm%sé’ué’ﬂﬁwuLﬁuluﬁqmuLLamUUﬁL’;fﬁaﬁmaﬁwmzmumﬂwiﬂa%a (Pyrolysis) wldiiie
wUsgunanadnuazlandndaaidu Pyrolysis oil lunsaseanuazindisgldsntesldunadomas
sonundsldluniseidunszuauns nszuaunis Pyrolysis Sadunssuiunisfianunsafisniauosls
Litsndunsandgmdsadenuddiaunsaiinyaruazairenelddnnisieama unsdu
anudeduliunnszuiunsuazaiidunisislunserneusrloniundaued19ddndrinde
Awandoulaensdifiugasfunuiduduniely 11 U damaneuunuildsudelsosas (RR) 14 09
Ruawmu uaz yarrdagduans (NPY) 2599.67 v laeminlidiinsiduia CO, lulduseleviasd
Snsrdun1sUsosuiia CO, dendanuilldedil 0.071 short ton sio mmBTU Rntuifiensuaues
siamsﬁwmmaﬁmmduiaﬁLLazui’wﬂﬁuﬁW@umaéwﬂmqméy’aLLasmiﬁwﬁaﬁamsgimmﬂuﬂqﬂ
udaRTaF LN TEUILNT NEIL LAsugeand uay AwnndonliAndseuiisduuasiionduldogne

1%
v A

Y a = & a e !
L1999 IUTUNUIVDINTTODNUUUNTUANYINDNT AU

) PN & o = ¢ ) Y] v a
nsalAnw9 1 1unisadsdsnisianisnsneinsarglunszuiunistmduszuulagnisiiy
nuBLeneINA (Air Separating Unit) Tunisusnuiaeendiauluiiulse @nsnimniswaludnniaey
nannasulniuaziuialulasaululalunssuiunis Pyrolysis unuinsuiduiansgessdnein
e el' = a v oA A Yo 1 Ay
PREMNIIUNBULN NIANYIN 1 avAunususunely 12 U Trmansuuwnuilasuselsesas (RR)
14 vaaduamu wag yartagtugns (NPY) 2584.67 um aemnlidiinisdiuia CO, Wlduselowl

idnsdunsudseuia CO, dondsnunlaagf 0.072 short ton sig mmBTU

e ‘:l' I3 ‘:4' Y] v o ' & Ao = = a [N
ASUAN®IN 2 LUUNTIUASULEUNIINTAININUNGUDILNE co, V]ﬂ’]ufm\‘iﬂ']iamﬂill']mlmagqq

'
a

didufigaiiasannisiidasmneliuinirgramnssule 4 dulaemsdoniinsudosuiia CO,vdo
ansudnfasifidusunerodunadeudsnininszagiufiodunsiiddunndeuanauiiass
madenidunenisindmnefldsumsinneiwarinsuludedifuiinvesnsdfnui 2 dlng
yinsdasmiisuiningnainnssuntsndntanneadisluguaisdsfuagne CaCosBa,COs uas
NaHCO, BsldunsUsailiundrinanansadaiuuia CO, Isogsdadunazonnlunsiugguia Co,
Fansdifinud 2 dTisnduniseuta o, Wlumaduasdsfutandeadrauiosas 15 v
USinamAa CO, inszurunsannsondnooninle ounandesnsiiazesnuuulinszuiunig
wAmiuansoAuyunglutwuafinglu 20 9 dalldmanouunuiildtudelSosas (RR) 10 vaedu
awu dyarndagduans (NPV) 46.63 um taemnldiinisiuia CO, lldussloviaviisnsdiuns

Udesufia CO, sendsnuilldagd 0.072 short ton sie mmBTU

nsdd@ne 3 daedugrulunisdanisnszuiunisegrnduszuvegafininsgiuasdl
UsganBn1ngegadundnnisiugIuuen1soenkuuNIIMmMNTsN WanINNsuyUIeuNIaaIsn

) o v = N ) 2 & a o | a
wlunsdlfnwrdulainisysannmsuyuilsukaniuagunasnulunszuiun1siidud il asyieiia
UszdnSnmuazdnmsvsnennsiflegedradussuudneieg nsdifinudl 3 azfunuisusiuniegluy 16 Y
firmanauunuilasusieUsosas (IRR) 11 veuduamu dyardagtuans (NPV) 809.21 uim lag



mnlifinsiuia Co, Wliussluviasidnsdmnisuassunia CO, veandwuilaagh 0.072 short
ton A8 mmBTU

ANINETUNANSANTUNY

Ay

nsgfiny Uidunu | GHG | Wuitild (137 | amudu Jaduns
nadiiugu 10.40 0 29.06 AuyuliiFaiian szuudeftenminginsan
A1BUBNNTTUIUNTT I
nszurumsliddu
1 11.06 0 25.45 ffuiinisdadelsanutiosiian | wénstas O, Aildoraun
ALAUABINTYDINATN
2 19.28 0 26.34 finsdilsiannudadureanis | Auyuldddige
anu3unn CO; lagnsunglu
JUwu Building Materials
3 15.78 0 26.34 fuszgndnszuiunisineu | nszuaunisAunuaigly
Tawd Circular City Wannudan | 198210019 fa9n7suas
WaRunTEUIUNIT W9 gapseglu BCG Model
\swsmans uay Aunadou
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1. U1 (Introduction)

[

1.1 NULAZAINEIARY

[

PMnAMEMIvEeivenATugialneivzasfaduriimar Uik dwaliszmndlne
agluaniziuanselauiunais (Middle-income trap) Ingldanunsagnseduasugiannsela
Uunanaithgussmaniisneldgals unasnannmsiaunnsmansugiaiiddedida 1wy mnuaau
UsgAvBammsnanuaruinnssuiiiisaneiazisdiisnimaiulnveseldgernuiniauaay
ndanudaduiafodfylunsiuedeunsugianazaingaavingsy sndudesusuasusuuuy
mMyiamasygRanazdany osnusamalnedudeannuasnssy fanmmaniiman Sivanzas
AaNINAALAZNTAMUNNMTINYATIIVHANERT AN TATE LAY Lﬂu'ﬁmmwmmmmﬂmm
Usgna fasanivndTeilhAnveavdenisnisineasuan wenaind anmafinduvessiuiy
UizmmmﬂwmwmammawmumaaamﬁmLiamaﬂ;ﬂma MnwgAnssuns gulaauslaadiia
gauiliAnuTinaueryadesfifisduduiy fuiu mssdoguninenstinmsiuiurezyades
maawamﬂmimwmm%muwﬂammmnLLavlummiaisuﬂﬁvimumalmmummmmvamams
WawnduwamsanuliiismeseanudenisvesUsemelussazenwazinliuldlugluuuves
LHUNRUILATYFN abardInuing gnsA1ans n1sWRILILATYIAILUUBIATIY (BCG Model)
Wuuruimunasegialng Tnaguiiunswaun 3 waswghe lawn wiswgiadanin (Bioeconomy)
Junslémsmennsdanmitoadragadwiin WeulsaduiasugAanyuiiou (Circular Economy)
ilafansuiagdnag ndusnlivsslenildunniian uay ogneliasugiadien (Green Economy)
Fadumainmnasvgiamuglufunmsimudaunaznsinwauindesldegsaunali Anaam
funsuazdsdulunfondu ™2 mnusuiauniasugihlugnisinu Maununazesnuuy Circular
City Tnglimnudidgiunisidenlamineins nisesntuundnsusitaznisnauinalulaglu
nszvuMsTiAgItes iteliiAnnslinsnensegnsfiuszansnwgsg auaziiangmsulatiom
dwandeulnsanufinuvendouaruafivaaeaianszuiunissdn

MR EwRas v sUssmalnedoust we. 2561-2580 (Power Development
Plan: PDP 2018-2037) wagunuuimisdanisisiuidomas Iddnauenisaianisaianudosnis
ndaulnihavsvesUssme ndsu mnufeu uasndsmudomaduounaniuuiliudiutu vinld
Usenelnesidudesdamunsmdanumyuisudonauundsnunnidomamoadadiiuuili
fovasuariifunugd® uenanideyannnsumunuuaiin nssnTImIneINssTIHTR LAY A ndon
I¢srenutBmams i smalugimaneUiiiun funldufuiusasdndiuremesyaes
wnlasvezyadosduTasianieiddnenmluniniuldf endandsnunauny ndnlev
wamnsudliiuassdaufadomds Jagtumeluladnisndandsnuanuesyald funuliouuas
gousuiuagauniviats ¥ wenannunasvezyadessuainislduseleviannveanian1ani1sinensil
Fnonmannsoldidundsnulfiduiulasamsindsnnlsnugnannssunnswagnsulsg
i Tseauudaiudruznds Tsseudes Tssunaldnszdes iudu Tnetagiulsenuudaduy
dugndadidnonmnissdnufadanimnniig Jadaldde 377 Sugnuiadiuns/d mniideves
Tssouudlatudrzuds Suau 77 Tss uenaindnmnsfuannlssnuudeiudUendadianutsoian
WanuiagInmlasneiey ©



nszuIuNstoraaeanssunadluan1y e e (Anaerobic Digestion) Wudsn1syTati
\devseratrialdannszuiunsnanlun1ndueng 9 1wy eurien1anisinens Wsuuadaiiay
Tsanugaamnssy lngnsitaannsaneliinufadinndsannsoi il dundenunaununis
thidifomduasdieaniansenusoduinden Snvarvemnssuiunsmngtunmstidaveadedd
Usnaansdunidanuitudugauazdesaasasdunisluannglfernia deerdunimiausauiu
vosuuaiiGenanenauiivhuth funnesiuluusazdunouni sdosaais Wun wuefiFengundnnse
(Acid Forming Bacteria) LLazLLUﬂﬁL%‘aﬂEjmﬁmﬁmu (Methane Producing Bacteria) lngiuafitsey
nauHAnNInznstesaaea sBunIsntlasaislianaluglvinarsfuansdunidfilaseat g
Tuanaiinas MntdunuaiiFendundniimuasldasduniaiilasasaluanainiuasemsuas
dovaarslinandnnanduniaiinu (CH,) Uszuna 50-70% wazuianisuaulaaanlen (CO,) awil
wiedu 9 intuluuSinandntdes wu widlolasaudalns (H,S) wavuiawenluile (NHs) Dudu
Tnsdunounisdesanisansdunidarusautseandu 3 Tuneu Idun nssviunislelaslada
(Hydrolysis) nSzUUN150F LAl Fd (Acidogenesis) Wag ATTUIUAITHA ALA AL LNUY
(Methanogenesis) auanau "

nsUszgndldauuiatiamannsoldauldodimannvats Wy uiademds (Fuel gas)
iluldvaunuufansiuluneeiaifeurielimaunudomasililuniagramnssluguvomdsny
anufeunarlfunudomdndieldtuiniesfnsains q naudatinmedmdundsnulniade
szuufaidlatuionsldssuniadossudufaduainelu venaind annsahanlduselewddu
Fowasenugusd (Compressed Biogas Gas, CBG) Funindsnunaunuiteannsldidemaeada
uipgndlsfimalunisussgnadldnuufadnnm ssdusenevveufadininiindnldtuasdosileds
rnulaendauazmunzausenisldauludiueiig o Sadududedinisusuusnunmuiadanimneu
910 1w miammm%uuazLLﬁ”am%U@uvLmaﬂvL%ﬁLﬁaﬂmﬁuﬂ'wmm%@uﬁ’mLLazqﬁyJLﬁawé’wu
anufourufisdostunslatunisivavesufiadnnin muauuimavendalalasaudaludie
dosrunsinnieuregunsaiiililunsvudsdedwmalmAndgmilunsihluldiuedessud Wus
wdiulddusatinmdund dundsnunaunuiinoulandisfuasugia daaunasdwandey
Famamaluladluniwdauazusulssnanimufadininlesunisiaunluddunuainayi
Uszaniamgs azdaalvnislduselevidanuiadinmlasuniseeusuegnanineinauagaunse

Wl duurasnasnunandinsuisemelalusuian ©
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1.2 aszurumsuaauiadanwluaniazlaldeannie (Anaerobic Digestion)

1.2.1 NSTUIUNITUAZIURDUNNSURYAANUENTDUNIElUaN1El59171¢ (Anaerobic Digestion)
nsgagaatvansdunsdluaniizlienniadunidinszuviunisudnniatinin lagorfenis

91UV UATILT 8N UNAANTA (Acid forming bacteria) waghuaTlsenqunaninu (Methane
producing bacteria) ¥Inn1sgaatvasdunsgauinlug 1wy arslulamse Wsaunazluiy
inaeduansduvidanadn wu tmaluanaiier nsnesilusaznsaluiu mntuazgndesaais
Tivunadnasunaaidueiuvidamsuazuialuiian faufatnmisdnldezsznoufoufating
wazeniveulaeenlefiduassusznaundn Tasnmmuvesduneunsdosaansansdunisluang
¥ormmanunsaasulddsmsed 1.1

A15197 1.1 nsyuIunseesaansansaunsdluaniizliennia (Anaerobic Digestion)

NITUIUAIT Fupou
1. NTTUIUNIT wHARUATILSY | Hydrolytic bacteria Wwag Fermentative bacteria
lalnslada - ansmasy ansduvisgluanavuiatng 1w aslulawsn Tshuwagluiu
(Hydrolysis) wAnfus | tmnanglea nsnerdly nanlusfu ndlwesen
vHauuATISY | Acid forming bacteria 19U Facultative anaerobic bacteria
G pH 4-6.5
Mesophilic (30-35 °C) Thermophilic (50-60 °C)
1 asiady | anslulewse Tusiuwaslusty
2. NFEVIUNT nsMdUNIIEmedne (Volatile fatty acid) LUu nsnaLdmn
asdlaLatiza NaRAg | (CHsCOOH) nsalwsfieadin (C,HsCOOH) nsadavisn
(Acidogenesis) (CsH,COOH) Tmdatanusa (CoHsOH)
wilauunAiilsy | Acetogenic bacteria 1 Hydrogen producing acetogenic
bacteria e8¢ Homoacetogenic bacteria
2 ane pH 4-6.5
Mesophilic (30-35 °C) Thermophilic (50-60 °C)
ansmagy nIndUNIYITIMEd1e (Volatile fatty acid)
HARAMTT | PEBLeR (CH,COO) widlalasiau (H,) way
whansusulapenlen (CO,)
3. NTTUIUNTS wilauupiilsy | Acetophilic methanogen wag Hydrogenophilic
NARAYILNY methanogen
(Methanogenesis) - anneg pH 6.8-7.2
Mesophilic (30-35 °C) Thermophilic (50-60 °C)
@y | nsnexdin (CH,COOH) wazuialalnsiau (Hy) fu
whansusulaoenlen (CO,)
nandas | uwhaiinu (CHo), ufariueulaeanlas (CO,), 11 (H,0)

whalalasiaudalna (H,S), whawaulaiily (NHs)
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1.2.2 walula@nseenuuussuunanuiadinmluanglsennia

miaaﬂLLUUizwmamLﬁa%amwé’w%’ubwumaﬁ%ﬁnﬁqﬁqm’iLﬁaﬂﬂizmmazgmmmaq
waluladAld T anumunzaudsusuiunudosnislunisudnuiadinin Uszansnimves
WAaTnm AnEResAwReANsAvLATALLYsUTINYeEe Snvasvendsildideununzay
FosTUUNMIHARRADRILFUYULArAsUNTa3 N vesusaznalulad Tasialuudinsdiuuntsziam
voanaluladdsnsalndnufadinmauaninvesgdunidiegludeujnsalanunsaudslidy
2 Usuinw il

a

1.2.2.1 faunsainfiweqauvsdegluanmuuiuasy (Suspended growth)

9
a

anwazveordunsdludwnsalavedluanmuviuassuasiininssanediiaiuna
fansengnaugdunsdianutudulasedu (Sludge profile) lumunisivavesun lnedsudauuuls
a1menilanwazveudeduniduviuasseg neludaufnsalndeslunsudnu fadinmainlseny

QNEMNTIN bAk

o 5’@Ug‘jmnﬁuwmuaug5aﬁ (Continuously stirred tank reactor, CSTR) ﬁ&gﬂﬁ 1.1
vosudauazresvanislufsufnsainvuniuanysal ianswanniulasnisindslunan
Fesnsmunaviiiaduilianududuresansduniduanideqdunisvituiiads Ufnsal vl
msdudaseninagdunisuaransdunidvenidsludnnsalléfuasufitenisdenaansTafnldd
ity wevannsofisesiurendeviornidysinaanalg 19

Mixing
device

Biogas Outlet T

Waste input 1
] =%
- > Combustion
B
7~

>

gases out

T - < ,’: | Ly

N ™ ~/ )

T <«
Waste in

Combustion

gases in

digestion

b S -

Slugde
Outflow l

Dy

sUfl 1.1 fsfnsaiuuunuasysal (CSTR)
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yauvasisunsaluuuniuauysal (CSTR)

1. wunzdudndensovendenidanududureweandegs {eennsniunauvesansduniduay

a

aunsdnelududulusgrsainaue Jwenunsadouihdevsevesdeninnududuasld
2. @10130439919875M ¥n3 8a15NANadugIn15vuvegdunidnunieuiurenduls wu
YZYaNY VounFeNIeNIsinens [Wusu

[

dadnfnuazauaTsavasieufnsaluuunuauysal (CSTR)

1. Sndudesoanuuudsufnsallviivunaivg Wesnanududuneludaiiudmarinliszezoa
v & < & a a e . . . | W v & % o

NTNNLNUVDILTILALLY 8AaUNTE (Solid Retention time, SRT) MIAUIEHEIAINNLAUUILEAE

(Hydraulic retention time, HRT)

2. it gminisanasveud agdunidluszuuddludvundevioon lneninszeziianlunis

Anivveswdmazvsanaduiullonvdmaiibiliiiisanssonisiasyivlavesgaunidlunguiiinu

3. indaymnistisavesaunsalluniu Fwtesnisnisguarasdenisiognsaliae

o deUfjnsniuuunznouasy (Upflow Anaerobic Sludge Blanket, UASB) ﬁﬂgﬂﬁl 1.2

nevieuwesszuviignesnuuuliideqdunidiinnisianizduenduiianznouuard
ATAIMLILLLEY (Granule) Tsanansannpgnaugs Famniimamugunisinavenideviovendeid
fefnsaifmnganandudrslnadugduuy wiliidengnougduvidogdutuadadlaiau asiu
dwiseluangaoanainszuurhliaunsasnuuinnavesdansnougdunsdaiegluszuy M

L
3 phase
[ —>Effluent| Coparator
o]
o}
o
[¢]

e 0 el Gasbubble

Baffles

—

Sludge

] -4 granule
L] I'e} e
e e %o
ple
ol @ ® Sludge bed
® 0y 0 @
L]

Influent— °
—

gﬂﬁ 1.2 faufjnsaluuunznauasy (UASB)
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yaAuvesUnsnluuunznauasy (UASB)

1% '
a

1. fufnsaifvunadnidosnnlifinslédnardaililifinsgadetiuiluds nudszeznalu
nsiiuinideduninsyuusu

2. wnrauudeidvowdwriuassiiuieUssnaudivanssunidosaansdne wu Ydean
Tsesomuded dwnu Judy

[

Fadrnauazauassavasufnsaluuunznauass (UASB)

1. Mszezatuulumsiiuiussuu (Startup) @wsunisasradanznoulazduadnssiudeiiniig

v Y

Fudaulunsinmanneiisliinnssuiveudanznougaunsd
2. \indgymnzneuqdunidnansanainszuy (Wash out) minldiinsauaudnsinisinavesvesdy

Nz FedanaroUszansnnlazlady InINUeesyuy

D

o syuutaUauuulylde1nie (Anaerobic covered lagoon) fisgu 1.3
deunsalldnvasiiuvsfugavuinlnguaslnnquiieurunalain PVC #3e HDPE

AFUUUNBINLAULAATIAIN lngvietdauiideazgnrieatsnuaisvesiauaziinnsanaznauuIM
Aute Wian1sgesuLdens v udsldunsndunsduasNanniadin1n 1H9391nANULTUT UV

Weogduvsdininszuudukazveiivualug viliszazanlunsinfuindeaeudisuiu Jadadu

Aa o o a

STUUNTORI15995UNT2@190UNIIA (Low rate anaerobic digestion) 12

I Biggat SEprape -"‘-\-\_\_\_\_ igesier
~ Indlyzenk

Crigester o
EflTuiriny T

..................

JUN 1.3 ssuvveUauuulidlgennia (Anaerobic covered lagoon)

yatauvasszuuvalanuulildainia (Anaerobic covered lagoon)

¥

1. usasunisfsuudasmnuduturesasdunidngeuldnuaziinnansenusisiesyuy
Wesnuedivualnguazdusuinsunn
2. wnziuddevseveadeflenududureuigaisevedenidunluiviovy

3. Msneaselidng IndinasRuaue
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Fadrnauazguassavasszuutatauuulildainia (Anaerobic covered lagoon)

a & a

L. 1%’17;1417‘1'ﬁaa%’wmnﬁqmimwumimﬁmLLﬁ”aﬂ?nmw 1H0991n8n TIN5 UANIBUNIELT9UTRTAN
(Organic loading rate)

2. m3muradlsifidesanmsnudululagsssuni

3. NANTHEANVDINENOUNIN mné’ﬂwmwam}]L%w%asuaaLﬁaﬁﬂ%mmaaLLS‘S&ﬁ&J’@&Jam&J&mqa
daaviliiinnsazauvewmenauguazUsuinsvesioanas Ustdnsammvinuanasiig

1.2.2.2 feufnsalidedunsdinzeguuiansdina1d (Attached growth)
LY (% a L4 & ¥ Y o [ Y a a 62 = = |
anwazvesteUnsaiussianiluszneumedinansdmiuliqduniddainizsenssed
vuiadanuasiinaraduwiuiidunuiovinisgesaatvasdunidludnde fdreg1atu szuud
nseslallda1nia (Anaerobic Filter) Asguil 1.4 Faiimsaseeiinarsludaunsalludnvagguvinli
mnansdaisesliailauafatesinnsenisinansdaduamgliinnisaaduudazdfnasdmsu
n3snwgdunidluseuy lnessuvilansofudndeniiansuviuasadldauaiiunuiiuyuaine
Tansnanenily ¥

settler ‘anaerobic filten units:

sUfl 1.4 szuuianseslalldennia (Anaerobic Filter)

YaLAuYassTuuinsaslildeinia (Anaerobic Filter)

1. Aumsdluszuuisganiveguuanminansegeuiumin vinlnlivgeesnuendsufnsalladng
WHlBUSTUURAUNIUUIUARY
2. 1805101525 TUansUnIdes

Y

o/

Fadrnauazauassnvasszuuiansaddaildainia (Anaerobic Filter)

1. IAlgngludiuvesiagmnaiaiiuiy
2. inlgvngaduladieviliiinnslyaidenssuiunis
3. MIBudusELL At leindesdinisdediiosdunidluinifinas
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-] QI = Q‘ (24 a . .
1.3 N52UUMSUTUUTIAUNNUAZINNAMNUIGNSVBUAHSIIUYR (Biogas upgrading)

Tngaluufadrnmd udnldainundenievoudeainningnaimnssunisinens
wwilosdusenavvasufadny asueulnoonled iy mudwfalelanaudalifuozuia
wesluflonanoging Fnilvdnduvefaiudosaazuiatanmilld danuuianien Fedudu
fifesusuginunuiaTinmnouiluliusslsnilunsfudomdmawnuviondnsusiolnsad
FULUUAS Lﬁaamﬁfgmmiﬁﬂﬂs'am?fLﬁmﬁuﬁuqﬂﬂiﬂﬁﬁﬂﬂ%’mumﬂﬁaUuLﬁauLLazLﬁumm
ugnsveufadinwliannsoiludnuldegrmanvats Tnenszurunsidealdlunisuiulss
A mvssufatannlunirgnaminssndidal

1.3.1 mIgadusiuansazaeieiiu (Amine Absorption Process) fsgufi 1.5

ns¥UIUNITIuNIsRATuN1aAd (Chemical absorption) Tasa1sazaten 19 LYy
Aviavanetedu gnuszandldlunisduniansa wu arsueulaeenleduazlalasiaudalidlunia
Fanm Feendendnnsauanansolunisazaevenialalasaudalidfiazargluasavareiiden
anuunnegs lnewalulaguseneusenegady (Absorption column) warnsivavesufiadiulng
szdumslvaiu (Upflow) Teeidloufadinmiidedusznevvsuiialalasiaudalisinagiunietu
asazangaziiansaemuIaasdmailvivsinavesuialalasaudalidluniadinngnazanely
asazansnie Ineviluudransavarefitenld 19un Monoethanolamine (MEA), Diethanolamine
(DEA) wag Methyl diethanolamine (MDEA) Filusvuunsidauiansnenavzined usuituanin
(Regenerate) TWansazawanunsathnduuldlualdlnenisiiugaumgiiansazarevieldenniaile
Paelunisuiansneanainaisazaieiodiu 1Y

ACID GAS

SWEET GAS
TRIM COOLE CIRCULATION

Fo ey PUMP
HoH

ABSORBER - MAKEUP:

— LEAN/RICH f-ss-fesess 3
— EXCHANGER

—

SOUR GAS [
FLASH

5UN 1.5 MIgadumeansaraieieiiy (Amine Absorption Process)

= STRIPPER

JafvansEuIUNTAATaRIea1TaraI8Laliu (Amine Absorption Process)

1. Usgansnmnisidalalasiaudalndas
2. fesnsiuntesuazvuinvemegaduliladvunaivafuluviliduanuei
3. annsathasazangnauanldivadla
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v = = Y IS . .
VBLHYYBINTZUIUNIPAYUNIYHITALA8BUU (Amine Absorption Process)

1. Auldosansialivazilonainnisaydeansazanseiuluseninnszuiunsiidn
2. flemalunsiinlily (foaming) Tuveaadulasianizilledlalasansuauntinluuia

1.3.2 msdindudneth (Water scrubbing) G‘ﬁgﬂﬁ 1.6

nssndudsiidumaluladnnsidausaasveulneanles wazlelnsioudals us
annsasndulelasiaudaliglémniniesanamsoazargluldunniansueulaeenles Tagnis
Saufadininknuvegadudaeunfanudugawazgamninn Tngorafinnsiluaninui (Water
regeneration) uaztiinduunldluel ssdusenouresszuvariivenafunasveftuaniwinlneufad
mmﬁugjwzL%’W@@J@%uwé’méwLLamﬂuamumqﬁ’ufn LLﬁ”aﬁQﬂﬁﬁ%’@l@I@iLﬁ]usﬁ'avLWﬁLLazﬁmm
N dureILAadinugIeonNINTEUUNIA1UUY dauﬁwﬁ'ﬁLLﬁ”al‘aImLﬁ]usﬁ'aIWﬁazawagi%lwaaaﬂ
yaguaadngvetiuanimdmiunislaufanivoulaeenlediiararstheanmaduuume i
mﬂa'LLﬁalaImLf\]u%’a”LV\IﬁaaﬂMLLﬁa%mmmﬁmé’w’ﬂ%ﬁm@Jmé‘?ﬁmﬁﬂﬂ%gq [15]

Regenerated water
To be dried —
>97% CH
) b/, v \\A Exhaust gas
CO,, N,, O,
Biogas .
CH,. CO,, H,S Stripper ﬁ
= Recycled CH, P=100
1 kP
Compressors
P=900-120 Scrubber

P=900-1200

]

Flash tank Air
P=200-400 Water pump
kPa

sU# 1.6 M3indume (Water scrubbing)

JoRYBINTZTUIUNITANIUAYUN (Water scrubbing)

1. lusadldanseiinazidumeianlidudou
2. UszAnsamlunisidnlalasiaudaligs
3. Winnnsinnseuluviouazgunsal

Jo1d8v0INTTUIUNNTANIUABUN (Water scrubbing)

)=

1. sedlduSunanhunnuaziigaumgiien

2. syuuhauianuiugs inlilassaiwemenndudeamuaiuauaRwiidauugelume
3. @eAmdanulunsiinanusuluiuuiadinm

17



1.4 mslduseleviannuiasssuvif (Biogas Utilization) ¢!

1.4.1 welulaglunsudanseualnih
nsudnnseualnihanuiadininaiusailalagvainuaieds wu nMsnaandeny
Iatideszuuisiuloth mandendseulnihdessuuisiuntaiugiussuuieiulodvionsld
syuuiad sspudndadununely lagdndudesdnsuivlsenunimveaniadinmiiiosnin
wAalalasiaudalils (Feandn 1000 ppm) wiamsusulaeenlemuasmudusaniewiluldmufy
P3esgusnanliifin

1.4.2 Mandaufiaomasunlung (Fuel gas)
v S a v ° D v v o = D & a

wiainmindalaanusadlvlgnawnuiansduluniaasiseunseliaunuenas
ldlunegeamnssuluguvesmdsuausou laun mMsldnauwnuindumitldlundeloun THuny
WerndaneldiuinIesuinsalnne q lneesdusznovvesniadinmiinanlatuuaziesdidafniy
Uaandulunisldnuwaznisvuds wu ldasiinnudunaz wiansveulaeanleduiniulynin
Aoamsvudsiuersensihluldnuielinuseuiedesiuriauiounauasgaydondsau
AufousasfidmasanisUanunisinavesuiadinin sutimuauusunaveuialalasiaudalng
i [y [ 1 1 ¢ 1 < 2/
etosiunsinnsousioaunsainldlunsvuds Wudu

1.4.3 Msnanondseusus (Compressed Biomethane Gas, CBG)
Y 4 = & a o Y sy  a 9 o
n1sldufiadaniniedudsndsdmsveueudnoadinisusudgsaannuiadanin
fouNTSNANUAULAATIN NN UTTIANlnelidndiuvasuiaiinuuinndl 80% waziluTunaiuia
lalasiaudalintosnin 100 ppm neuihlUiienuauluduiausyunu 200-250 v1sina winludl
nsUsulTaRunmuiatinmasdmaliiadymlunisinluldiueieseud wu ansneIesdiala
10 wesaseuskifiiaenuiseunsaldigademeldegnsanss Wusu

1.5 Ysangnasainiizlaniau (Global Warming) uasniadanlunislduselevdainuia
a1suaulaeenlen (CO, Utilization) 1

miL‘LJ?iEJuLLﬂaaamwgﬁmmmaﬂaﬂﬁﬁmmgmmmﬂﬁué’uﬁmmammﬂﬂ%mmLLﬁ"aL%au
nsvandiiiuiudwaliiiadymaudwindoulasewzanslandou (Global Warming) Tnauda
asuoulneenles 1undsdunfaiieunszaniinelfiAinaizlansou suilanvgmanuiain
gaamnssurdalulit nsruwaarnslnidemdaiodundunulunirgpamngsy fadums
Wawelulagidnuianisveulaseniiduszansamiiaudludymdwindeudadiaudiiu
Tngiavnzegidenisuszendlimeluladmadenlunisldusslevianuiansvoulaeenladiiieia
Wae Tneuwmsfienthutansveulasenlasuldussloniis
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1.5.1 Msudnansiadinnuiaaiiveulaesnles (Chemical from CO,)

mMasUfisonailaensasunianiveulaeenldiiundndusiaidu 9 Wy wmuea
gi3e uaznanain laen1sussendldausunsvidegiseauisaldaudanavduiiveadsniu
Fununsnandieraldunugaaglidualunisanu

1.5.2 MIndadaunasanuiaaisusulasenlen (Fuel from CO,)
| aaa v . 4' a & s ¢ @ & a
nstseuisewnglalasiau (Hydrogenation) Lieludsuuiansusulaeenled [Wudainas
W wnuea dunuwazuiaendslaenssuiunis Fischer-Tropsch Wnendnsduyinladuiiuyan
Yosuiaasuaulaeanled Iianunsauszgndldidundsnuls udegrelsinunisiillfduiomas
nebminuianiiasuemdussdusznaunaeinnsyurum s s ndudewunisidnsely

1.5.3 HARAUTINMISINEIE @MY (Microalgae)

avgrwIndnansassinsuaulaeantdluussenardhunldlunszuiunisisadin
Tnewdsuufianiveulaoenledliogluguarstiluana wu Wowddnmuazasluleinsn Hus
Fetodudnnilasaldsumuiouusifindamududeulunssuiunsnanuasiduugs

1.5.4 Jagneas1e (Concrete Building Materials)

nsthansusulasenlednaudrivasazansaadtendndufiuyudmsuldauduasiiy
vosanneasns (Mineralization) 19U CaCOs NaHCO5 Tneddiansnanuiinuaivoulnoonled
Tnsnisihasveulaeenledidilueglulassasiavesian daudunsdesiunisanuasseang

A [ L s
ussenelazfoldunisinnisasueulaeenlenlusyezeny

1.5.5 M3U5uUauss9uAu (Soil carbon sequestration techniques)

& aa a & v & a ' ¢ | a

Juismsimdudsglevdluduinuasnssy lnaidunmsiiuussiglaganzaisueuasgiu
Weanluwnasnsvauliuniiniigransensainwiingu

1.5.6 M3WanaU (Biochar)
8 v DY) Y v o 5 s o A PN
nsussenaldisunlgidududsudntunisinduasueulasenles waziivanldlunisiiiy
yarmaen1sthuwdnaudinimaienis Pyrolysis iunsivdsuniarisveulasenladlieylugy
BRIGAIE
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1.6 uuafAnlun1saanuwuy (Conceptual design)

nszuaumsHanuiadinmwaznisiiluldussyndgnesnwuuniglduwifa Circular city
wunisldusglenianuesmdedisgnisudandanulniuasndaudomdsdusunuusig 4
uanadaguil 1.7 TanszuiunsnanGuduannsthuezyaies (Food waste) uaznnainlssnuuds
U Ugnas (Cassava waste) gNIzUIUNIsUSUANIN (Pretreatment) ©38N13AAYTWIAYBIVDNLEE
as Mindureaderaesrinazsiunssuiunisdesaarsansdunidluaniaglienia (Anaerobic
Digestion) i ardaufadanin lneufadinndldannssuiunisdesaansfiesdusenovreuia
asusulaoanleduazlalasaudaliiundadndudosiunszuiunsusulssnuninvosuiatdinim
dioanindadiuvoufadimuluufadiniwneuiluldusslond iwu nwdndoundseususd
(Compressed Biomethane Gas, CBG) n1sudnuiaidoinas n3en13uszyndfldludunisnan
nszualniinuazlonsiuszuunaalniinuazaudeusiy (Combined heat and power unit, CHP)
failumssonuuunszuaunsrdeinisiliamsuimsdaniminensiAnusslovigeganes
Ao duingivuazvendeiildainnszuiunianda Wy methvezwarafnaniiunszuIunig
Inlslaga (Pyrolysis) L‘ﬁ’e]LLUﬁEULﬂuLLﬁﬁL%’aLWﬁﬂLLﬁSL%@LWﬁQma’J nsunvegyanaslay 1NN
Tssnuutlatudendsdsdoiduesvdonmdnuesuruuldvsy Towidunsudandanuamuni
deansvagu Tusnunsuimsianisveadeilfannssuiunsndn Tnedafiulaylianuddyse
nmsaan1sUdesuiaiiounszan wu afueulaoenlud lnsuszgndldinaluladniudoniit e
msvaulasenludunlduszlovinazifingad (CO, Utilization) denszurumsiananuenainaziiu
nsann1sUdosufaliounszanida (Zero emission) Fadunisiiunauszneunisidesannls
wAnSauriinAy Tufsdndusidainanausoaieselonlusipruiergnamnssudafee

. Biogas co
S\_naer_oblc » Acid Gas Removal unit Acid gas treatment  —— ’
igestion 1
Cassava waste
—_—
Food waste Pretreatment
_
Anaerobic Compressed Biogas Unit
Digestion 2
I > Fuel gas/Cooking gas
: . Combined Heat and -
Agw:;l;tlral Wastewater treatment Steam ganeration |+ — — — Power Unit f- — — — — — Electricity
j co,
Fertilizer

CO, Utilization unit |«

Plastic waste
——— Pyrolysis Unit ———— Hot Gas fuel

l

Liquid fuel

;51]17; 1.7 Block Flow Plant Diagram of Biogas Production and Utilization
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2. ANB5UNNIEUIUNS (Process Description)

1%

2.1 M3Useliunsaiiiugu (Base case Evaluation)
dauill nszulunsgeraateansBunidluaniiglionia daguil 2.1

mawdnuiaaninlunisesnuuuiidenldnszuiunistosaarsarsdunidluaniglionne
(Anaerobic Digestion) lumstesaanevezyaneeaInyuyl (Municipal Food Waste) kagnniiuain
Tssnuutlsfudends (Cassava Waste) losnnifunszuaumsfiaansnanUinmesiiaatuain
fisne 9 lidaglugsmuvdensinuneasnssy %zﬁgaaawizmngﬂﬁ’]Lsﬂ’ngnizmumiaiaaamEJ
Fuufatanmlngymiuennszuiunaduaesas esnesddsznaumsiinmuaziaiivasis
aosansnasulimdioutu nauennszuiumsessilfasadanisnssuiunsldiouay Wnan St
wAadrinmiifinuamgandn aszuiunsdosaansansdunidluannglionnia avuuaiised
ansaAsuastaluanastn andlulewnsn Tusiu uayluiu Wunfandefasiodns uiading ufa
lelasaudalnd ufanoslude uwasufansuaulasenled Tasuenanansmetuiituansusznaums
Fanmitaaesuiindnedy ihilduasdeiuiisiduseddlunssuiumariuiu TaedhmdaunisTdiily
nszvIUNTSHRsaaeEyarenanyuvy 9l sRdu 4.5 ihwesUSmamezfiodunisan
USnamasindendudssu® uay lunssurumanussunindunnlssnuudsiuduendaayldi
§ngdau 0.25 wihwesTawes? nszuauntsulszuiidendsdesaaeuvudaunaiuvuniy
auysal (CSTR) mziduniesfnsaifivewnaua voadnelufauinnisniunanogisilasiins
wndurendordunidiiionddaideveinszuaunsussuiianiAnnisgyideidordunidudiu
anelunszuIunsaziiuainnsdesndeanvuina1stalulanaldnadsienszuaums Hydrolysis
9Nty wuafiFeasvhnisdesameasiiluanaiiiinas Sondh Acidogenesis gavieasiUdsuas
Fluanaiduufafiny 158091 Methanogenesis Tngtaandildsosevegi 12 92lua 7 Anudiy
1 U3567MA WA oaumgdl 55°C 1 AR-104 dwiSuvszyaresanyusy was gamail 37°C 71 AR-111
dmsunmnifunnlssuuteudends wiatanmildasusndoonaniildlunsdesaans vh
nsanATufenIsmULLTigngll 5°C finrwduussennadl V-114 waggndsludinssuiuns
foly a'auugmé’qa]ﬁﬂﬂizmumiLLUigﬂi‘f%QﬂﬁﬂUﬂﬁﬂ’@ﬁ’m Rotary Screen™ SC-501 i 011
ndusnldlmifinsruiunmsdesaanslaefiazuonnsiidavesudaznsruiunseenaniuuiy Tng
Usinuihihunduinldlmitdesiviinageniiidesnsld Sainhduimvdosaiuaundnfusii
nsesil Rotary fitter lunamutsdrnn (Bio-Fertilizer) Liteifisiyan
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Food waste B-101  FT-102

>
o]

Make up water

O
]

M-103

X-118

Cassavawaste , .02 (1109

. X'127

Make up water

.—FM—} 49 >
X-128

M-110

14

5UN 2.1 nszviunsgesaansansdunidluaniielienniea

Regenerant

11

water

FW Discharged

FW Solid
waste

From X-254

CW Discharged
water

CW Solid waste

X-220to C-201
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s

daui2 nmsusvanmuiatinmuariidauianiigrsidunse degud 2.2

Y

vdanildufatinmanuds feuflazthluinsldaudin o asfesinnsusuusmmnmls
flosAuszneveiaumnzaufuLiandnsuriunarUseinn Appendix C.1 nszuiunsiidenld e
Amine Scrubbing Tneld@n5azane Methyl diethanolamine (MDEA) 11 8991n@15azaned &
anudmzlumsindunfaisigniiuna (Add Gas) a9 CO, way H,S ensanuaauszadvos
msUfulguAaTanmiifesnsanufaddiquiidunsnadifinuamifitu? nssuiunmsasiuan
nsAagInImvdinsiugssaagunlowdmenadu T-204 (Absorber) wuu Packed Column
aunaiuaIsazals MDEA il ogaduufadiignsifunse (Acid Gas) aaﬂmml,ﬁ”a%’;mwimai%’
dnsdunsivalasing 12 vhwesiinamisivalasnavesufadanin™® uaz Tianududuves
MDEA fi¥epay 25 Inguna! nszuaunsdesiunududu 3 atm fMeleiosguuosman P-202
wazUSugamgiidu 43°C elasenihniuieu E-203 dunfatinmezgnuiulideududn
Winfu 2 atm Fewdessaula C-201 Taovogadu T-204 viaumeldaudu 1.97 atm™ Fanns
yhnsruaunsTimadugetuastelaunsofiunisgadu Add Gas vesansavaeleiiu® Jeviinas
UfURuiinegaduil 1.97 atm (unndianuduusseimaiidel 1 atm) ndsainnsuivanines
anunsaUiuUsesdUsEnouesfatnmlimngavannsnilundoufadomds (Fuel Gas) uas
oAU (Compressed Biomethane Gas) I Inglduufadomasdreduitlaltiungos
Aukluifioananudulunfaianmas ndsandldaunmufaidesnisudrngiinisiluganin
a1sazany MDEA fvhnsgedunfaiiqnsidunsaiousesudadmensuonufaiiqnsidunsase
mm%’auﬁmﬁuﬁammﬁa T-208 (Stripper) WUy Packed bed 1uligafiunegadulneyinisiii
AUFUYRIANTAZA1Y MDEA figadu Acid Gas 13udesudaain 2 atm 1Ju 3 atm faoin3osgu
Yo P-206 1Nty Uiugamgiiiu 90°C fewadoainanudou E-207 Tnsazannsonenufiais
qusidunsndradiueenain MDEA fiflesdusznouidu CO,uay H,S war ldansazats MDEA findou
nduanldnady

dlefansaniiany Acid Gas fieenain Stripper T-208 wdaagtiuinfiuTunauia Hys iy
Sunededin® Snvisdiufa Co, ﬁﬁsﬁaﬁwumiumiﬂfﬁ'aaa'mimmma' mi%’mmiﬁ’mﬁamuﬁjﬁ
wngaazannInhnisasniulunien 4 ﬂUmeammaaﬁmimﬂﬁm Acid Gas Fetmionisdn
Fudei (Water Scrubbing) tiasnauifinisazanetfiumndnaiureuia CO, wag Hs2 vinlw
anansandawia CO, ANUTNTUAMALENITATANITAUAIINSUATIEVDITE H,S 9N Process Flow
Diagram n5¢UUN1T Water Scrubbing u%wzzlﬂuﬁmﬁ’u Acid Gas 91AATEUIUNTT Amine
Absorption fiegady T-212 Tagldigumgi 25 °C wagvhmaiiiuarududu 3 atm fewdesgy
yoaman P-211 TnefluSmnandusnsdin 3 wiwesuSinaumslvalasinaves Add Gas fisn91nve
Stripper T-208 azgniunUiugamgiiliagstud 90 °C P fewados Heater E-210 9nanuidefinu
11?9 Wy H,S azaneiinldindn Co, nauifiaruuandieresnisazatetinivesia HS uag CO,
dvilnszuauns Water Scrubbing @nsnsaugnuiadessinieananiuls Swhnsldiiemedn
Fealunszurunsiliedegldufadioonainssuudl H,s anasuarld CO, ifanuuTandgedui
annsaludndmieuazifiuyadildiguieadunszuiunis Amine Scrubbing TagnszuIuAg
Water Scrubbing f@111158 Regeneration dnnduuldleiuiy %qﬁgwa@jm%’u T-212 AUFURNST
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AU 3 atm wag T-217 AnTwdiu 5 atm 2glduAa CO, panansuuumeUfiinig (Overhead)
ufaludhures T-212 ¥inisanardudieniseuiufiazanunsald o, Aflnmaudinuioanis
dufleanainve T-217 Feswunszurumsdnidnieslunsuuussanimneudegnasluiinindau
msudaliih duveunaiioonann T-217 dufiessuszneuduihiigsasdidnenimannnelunisdn
§u Acid Gas Fahmmunduldlunisdndu Acd Gas deluuagludruhiifuiunm H,s avansey
wnifuniagiludindu Acd Gas axgninlutatail SC-501 letlusdn Bio Fertilizer @dludauil
Bonldaruduey 2 - 3 bar® i asanaanududiaed vz nszani aawlunisdniy
NILUIUNITAN 9 Tuiwumiﬂ%’uamwLLﬁ”a%'smwLLazﬂwﬁmLLﬁaﬁﬁqméLﬁuﬂﬁm5 Sniedeanansani
Aruduiiganinnuduusssniaisesenluludunisianlnihuazaufeusau (CHP - Combined
Heat and Power) 1§
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<
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@ X-228 %‘
X x-222
a X-223
T

5 pema

C-201

3]

X-224

X-237

Bk
X-221

X-229to E-403

V-205

Liquid waste
plg
X-230

E-203

Scrub water

&

Y
X-245 A )

9T¥-X01/TC-L

C-214

, Compressed

o @ V-213
X-243
T Acid Liquid @

55 »

X-227 Xl . 28 @ ° X-239 COZ
P-211 & s
¥k X-240 X-241 - waste
e o5 E-210 Ly 55>
o2 = 5 x-244 ¢ X X-249
L T-204 Z <G> 9 < 12|
A Ips
ayTann b )
E-207 - £216 -
x-231 X ) @ X-233 i X X-255 X-246 X b X-248
9 1-208 9 G-y T-217
6.
X-232
@ & @ Gy
¢ ) | S oy
P29 ¢ 209 Y e P-215 )
9 @ » E-219 @ :
67 ¢ R x253
f

X-254to X-503

o LY & o o & aa L
E‘U‘VI 2.2 ﬂ?iﬂi‘Uﬁﬂ'ﬁNLLﬂﬁ”U’JﬂTWLL@%UWU@LLﬂﬁWNﬁ]VIﬁL‘UUﬂi@
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dauil3 szuunsuanliiuazamdeusu (CHP - Combined Heat and Power) faguil 2.3

VAIINMIAEUNTEUINNTUSUU TR NVRIL AT In LA LaRAn S iaaa g uy
Ao Fuel Gas ag Compressed Biomethane Gas Tugauaes Compressed Biomethane Gas 2811
LLﬁ”a%amwﬁﬂ%’wqmm Appendix C.1 n158nAuRUlUgALAY 250 barg dethludngivine
du Fuel Gas avwiaduaesdin Ao Wiluifiunusuluil 250 mbare Wiedasmineunazdndrumils
szt luldlunsudnnseualninlunszviunisuanlniinaganudousiau (CHP - Combined Heat
and Power) Tngnszuaunisiusenoudiemsiiuanusuliiuud aid smdsneuiiasiniswn lnd
delnldaudeunasiildnannssualniini C-304 way C-305 ndsanwnlviufadomdsazld
nansasmanduuia Co, uar H,0 Feansatuia co, ilundndrldiudusnvied @unsa
11 Acid Gas fileenannme T-217 mv‘hmiﬂ%’uﬂﬁﬂumuﬁlﬁ LWiwva“ﬁ?umimlmﬁﬁuﬁaﬂthﬁ%‘mi
[33][64]

I (Oxy-fuel Combustion) YIIANAR S it
aammlumuqmmamwmma CO, ﬂ’J’]ZLIL‘UN?JUQQWN"\]Wﬂ’]ii%ﬂ’]iLN’]I@EJIﬂj@”lﬂ’]ﬂ (AIn) Un@fiilufia

LN’]IWLILLU‘UEHJ“U imi@&li“lﬁa@ﬂ‘lﬁLQU@']’]@JL?J@J‘UU&Q

(Np) waweg Tudiunisdaaauiunie C- 302 Lﬁaﬁ%ﬁmmﬁwﬁwdmmm R-303 7 6 USS8NA Lile
AUsE amamwmaaﬂmmlwﬁﬁlm CO, mmmmmum wazsriansiinansuuioudu 9 LU
wouluLdy (NHs) wammmm ‘i]”lﬂ‘uu"\]”UWLLﬂﬁL“UE]L‘WEN‘V]LB\IWVL‘M@JLiEJ‘UiE)EJLL@’JI‘UVI’]ﬂ’]iN@G]ﬂi”LLﬁlW‘W’]
Tnesnu C-304 uay C-305 WilduaniUdsuninudeud E-306 tilenanleun (Steam) 39nufinIy
P-309 Wwag P-310 uiANUAY 6 UTTEINA L‘ﬁaamqmmﬁmamﬁ”a CO, fouflavanUSunaninveuia
CO, FensmIuLUud V-307 wazlsdunia o, ANULLTUganSaudnd v

dauiia ﬂizmumiLﬁu%ammimﬂwﬁwmaﬁﬂé”;8‘3‘% Pyrolysis (Value add Plastic By Pyrolysis)
Fasudl 2.3

usnIINvEzyaNosLdISInvzanuIUUsSTLAMB R 1INaaRnA Ty sE N5l
N3 Pyrolysis Lﬁmﬁmgamm Dumsiidnsnensunldlnfausslenilaenisiweznatannly
Thnudoulnenssinudengdnasy (Molten Zinc) figaumadl 450 °C 1Wunan 10 Wit Tnedeuasly
ANNTBUILTINNTARYUIANTBUAUNTAVEENANERNLUEINT Pyrolysis srenistusheainu (Auger)
Tivwndnas wazshnsilenauvendsluil Cyclone wleusnuosuds 91ty 98n15 Quench
LN Waxes wazugnwanainundnfidslinasuazarsnduluvnmsvasulmisnadsdian Pyrolysis
Ei'mlaﬁLLﬁaLﬁmﬁumﬁ]zgﬂmmLLu'uLﬁu Pyrolysis Oil d@ulefimuuntuliiléddesiusynauduiiny
Insinu wazuialslnsafueuvindu q azgnitnaugaluvitnmsmninilianuouunion Pyrolysis
unsadrenssuiunisiidadufeanmnsafiammuedlé

ludunsiiuyar1venianisueulaeanlefazyinnisiiuaaudunie Compressor Wauy
! v o ] I = [ - "LML ! ! a ' [27 A o ]
f1edisdniu (Storage) Insdanudugeganatuisaussylalduinndniunia 25 bar”” iiedaiu
neuazgniludndming
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P-310
P-309

Compressed
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X-228to X-415

V-205to E-403

V-307to X-251

JUN 2.3 szuunisnanlniiiuazAnuseus iy (CHP - Combined Heat and Power)
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Regenerant

D
x13%

c301

o <G

402

owl 405
V205

Fuel gas a
<D
@ |y
: oQ7 3,

318

Utility Water 3
O M ¢)
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& o €207 o
D5
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@ @ el 9 @ T217 @
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31]17; 2.4 Process Flow Diagram (PFD) of The Biogas Production and Utilization
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2.2 msusuasulaseadranaznisfitneaslunisuan (Topological and Parametric Changes

to Base-Case Operation)

nseifine Scenario 1: nsdifnwnisfiunszuinnisuena1nia (Air Separation Unit)
sovnnstitug

nstifine Scenario 2 : nsdiin Air Separation Unit fleainnsdiiiuguuasdiuyar1vouia
msvoulneenludmensiluidussdusznevesianiearaiionts
Wligandunaiiviuuas

nsdifne Scenario 3 : ASERALNIINAILINIFIANIING191UFEAT"T Heat Integration

2.2.1 nadiinw 1 mauwuiinstessasiusandiaudaenssurumsauenainid (Scenario 1 :
Air Separating Unit)

NUUIAANITUYUIUNWURALIAATISUUY Circular City NA15019101ATIAT UGNV
AsEUIUAS WU anansauSudsuiielinsrurunisanansaftannueetiedsduld lnanisih
pIMMmNTINUTIIIMATioNsuenesdUsEneufiidadunnuasduiioanslunsruaunisileds
wAalulnsiauuazufaeandiay Wethoondiululdlunsmnlusiuuvanysallaglfesndiauniny
duduas wasihufdlulesiauldldlunszuiuns pyrolysis lunmswaenazatsvezwaiadin Wunsan
aldaglumstidnanssauiiidunulalaenisldvasuenainia (Air Separating Unit) nnsuen
Whaaesuiad 2 nsyuannsBuaInnssneInAge §e Compressor Tiaasy 6.3 bar uazii
nsanguvndiasuumde -170 °C #2e Heat Exchanger 9ntutieniaiiigaumgi -170 °C arudy
6.3 bar ‘51,5{’11%1' High Separation Column #8728 Low Separation Column Uﬁﬂ’ﬁmsﬁ'mmé’u
1.1 bar gavheazlauiaeandiau (95 % ) wazuialulasiaululdlunszuiunis

2.2.2 n3didnen 2 mawuyad1vasuiaaisusulaeanleddisnisinluidussdusznaunesian
noas1ui an1sulugamdunai wuuuaias (Scenario 2 : Carbon Dioxide Value Add to

Building Materials for Permanent Storage)

wennnsiiaansusulaeenlen (CO,) ANUdLTUaWINNTIRTINElAERSINIUNTERNEY

#I0 i CO, Saanansaniiuyaenldlagnisunluriunszuiuns

dedafuiionielugmanvnssaud!
WiouUsgUnagaUsEasd 91nUNAIMYBINS Carbon Brief ¥ Alsindndauuilduvesnisiuia
CO, lWiiuyarieisnnsiivainvaendeuuseifiuyarusiazisiuTsuiieuiu ™ andeyadiedy
wazanunAL=Y agwuiusazisnsiidnenlunislduia o, yarnsamu uavamdsdulu
MsasUSinauia CO, lunszuiunisuansiefudailefinnsanainmadennisfianansadanisuia
o, Tunszurumsldegradussuunagiamnudaduduisnsihluguundna Circular City Sadenld
nswdndanneasne (Building Materials) sutduidunislunisudssy ufia CO, lUldusslovilaed
wwildiufagaunsadanistuuia o, Afinntuyniuldesnamngaunieuduliyarifinuazauns

inelanduangnsyuiums®! Yssneuiulugalamadainiinisiinvesdnuaulssyinsnannunis
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[
|

vfureeduieguosywdiufvdurgenulseviiiianguaisndusgannlunisadedaugn

[

asuazfiogendesing 9 3dl43Ensuuia CO, nmanduasnmadures Cement 2

I Junsannis
Uaeswia CO, wuvamsdladisutunisiuia o, Widndnduasaiidu 4 Tnenisiiuia CO, 11
¥i1UfA381 Carbonation lagvhagzansfutiilieslugy Cos2 tharsazatsanssinan Ca(OH),
Ba(OH), uay NaOH sviuFATewfieldfuyuiiduasdeduiililunisudn Cement o9 Caco,
BaCOs Wag NaHCO# fansdidnunil 2 dienndrunisuensa Cozlﬂiumﬂﬂumiﬁg@ﬁui’aq
rearafudenay 15 vesUSmnaufa CO, finsvuiunisannsandneenuld iosnaindesnisfiay
ponuuulinszuIumanamiuannsoAuyumeluivundianely 20 T

2.2.3 NTAANYT 3 AITWAIUINITIANITNAUTUNSAAN®T 2 #2875n015 Heat Integration

(Scenario 3 : Scenario 2 Developed by Heat Integration Method)

waNaINNIIANTIUNTEUIUNTHARREAS T LATiA N IR UAABINITWEIN 1A TUN150E 19T
UszdnsnmuazAuaunnisamududnveluldldlunssuiumsmadmnssy dufie Msdnass
ninenstunislilunszviunmsndnegaumnsausazAuauinigaliinazduansd swudalavinnis

sfunslunsdiiiugiu nsdlfnedl 1 uag nsdldnwdl 2 nisldwasnuldmnzaunazduendud

{ & °

Pesiuiulunisluguuida Circular City fifinszuunsftunsaansafisnauedliuazaiunge
novausinudesmsvewainld lunsdinuil 3 Linonnamudeundsnuldlussuuliiary
AuAnnianneufiazinmsiidimdsnuvierdandanudiuiuesnainssuu namdeluniseuiu
nszvunswdnluusiazniaduliinnsdunsdesaangveziiondauiadanim msuiulsmanin
vowufatanmuarsruunissdnliihuazaudousiuduiinislindsnulunsdiduanu e
Tusundsnuauseaulaznasuli Fusddnauf ofauUs (Parameter) Aifinisusuifiuuazan
diglfannglussuumuiidesnis wu gumgfuaraudu degunsaindnildlunssuiunside
A3 oawaniUdsuaiudeu (Heat Exchanger) Inefindnnisindsnuludrudinululnludiudiang
Tnglannzizeensiiiy - anvesgamailuudazaindu wazdsiidesmdsdadudfuusn Aefnanm
ﬁuaﬂmaﬁiﬁmm%fauié’é’aﬂﬁqmmﬁqamfwmaﬁ%’umm%faulﬂ %afl Pinch Technology Analysis 1Ty
putuulun1svilaein1ulusunsy Aspen Energy Analyzer V.11 210 AspenTech lagszuu
Usenousensld Heat Exchanger uaniudsuarmdeussviansfiflgamgifounasndu sauans
thawdeuann Hot Utility Whsngszuulunsdiiansgamniigalifidnenmunnwenazieiuiou
duduiiliannsouaniddsuamudousanannszuug Cold Utility Tnsmssenuuuiimilsfayanlu

msasufasieiazanmldanedunisasinsyuiunsigsdu
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3. Preliminary Plot Plan

Tun158NLUULHUEEIL5I9U (Plot plan) i akanasmwrian1segunsaldifguaslaseasia
dy a = = dy a 1 dy a o <@ [ a
NUFIUVoINTEUIUNIINER LTSI Feasaumqulufanuidu 9 wu Wuidaiuingau (Raw
. X A va v & A < v o ~ ¢
material) NunASsFuA ez uNas1saUlan 1Wuau lngluniseonuuuikudslssnuiingnamnnie
WWINNUHUR Al

1. fiuiveslssnusiomndadaiiu 50 13 (ulandimum)

2. fumisnagunsaifinsimunssesistusmungunasidniugnamnssuad eiiaaanu
avmnlumaiadeudne mataniswasnisteutige iundn Tnessegviadussswinsgunsaiuansly
P31 3.1

M19197 3.1 spEEinedusn (Wng) seviaunsaldwmsvenaivnssuail B

Equipment Pumps Compressors | Reactor | Towers and Vessels | Exchangers
Pumps M 7.62 M M M
Compressors M 9.14 M M
Reactor M 4.57 M
Towers and Vessels M M
Exchangers M

M = minimum for maintenance access

3. MadasssgUnsalluusiaeniasufoRnis/Aud fnisdadssmuuuaves Pipe rack Feiuvie
dmurudiansnsnlng vieTngRunaznandnsissninsgunsal ilelvgunsalanansaitrdauasvuds
a1sseningunsnilaing

4. 314 Pipe rack Banunsiiuieluszeraiiduiiaauazasouaquluynmieufifinie/Mud
Tunszuaunsasiitelmidussideunazitedenisdanis Tngvunnves Pipe rack fvuinumsg 1y
6 8 uaz 10 w3 1usuy

5. MIBENLULAUL AsuaALA iRy 6 lwas Tisausmnildlunisvudsgunsalanunsa
h-eenld waziunuuseuduvesiiuTisnelunszuiunsnan

6. wunvasiuiinldinsgunsal lunsdives Tower Reactor Rotary Screen Vessel Hnn1uuuin
vesgunsalfauanaluiiate Equipment specification tugdiugunsal Pump Compressor kay Gas
Turbine Mvuinnutoyavosgunsaiadefifimdslnfinlndifsatunasimadofuiiumui o
sosduruenesgUnsaivesusazinaniiunniteiu Tnsadoudalifiuiiussann 3x2 wns waensdl
VD9 Heat exchanger mmiﬂi”mmwuwmnmimmm Footprint ﬂJ’eN’eJ‘Uﬂim

7. fudidafuingiv fufiedsduduasfiufiarsisgulnn SnsUssnafiuinuiuisuees
APULUTTALAIIUINSAT NS IavDLENS
* m‘“aafhm75ﬂ°7uamﬁyu%mgijnmﬁmgﬁ@ﬁé’mf‘fUuﬂme)}?ﬁ?’a Appendix B
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Pipe rack

Pipe rack

Pipe rack

O OO
ONOX®,

Pipe rack

Pipe rack

Dry Fertilizer/Ash storage

Hot gas
storage

Pipe rack

Pipe rack

5C-502 5C-502

Pyrolysis unit

Pre-oil storage

- =] =]
© ©
. = |
Wastewater treatment unit ) ® ®
= = =
Pipe rack ] © = © = %
& © © & Fuel gas Building
Air separation unit ® = ® = storage Material
storage
Synthesis gas compressor
Pipe rack
CHP unit ‘css storage]
Pipe rack l
[ CBG / Fuel gas compression unit
Pipe rack -
g
= £
=] e =
p N < 8
8 o . @ 5 5 g 2 CO2 gas storage
o Pipe rack Pipe rack ]

O OO0

Pipe rack

jele

Bio-waste storage

Water supply

MDEA absorption unit

Water scrubbing unit

g‘i.l‘ﬁ 3.1 Preliminary Plot Plan of The Biogas Production and Utilization

Pipe rack
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4. n'liqau'.;aa'lil,l,aswé’wm (Material and Energy Balances)
dmunsilinugu (Base case)

M3UsziiuNsny MsmuguLaznseenuuUesssiievi ol funsdindudesmsiaaoy
aunaudanaznasuluszuy lngaungeusndimawdimnadesliifinmsanyide wasniungeusny
wasuudmdanuamsaasugulegluguuuudu wu nuiideansienuildlussuy Wudy
Fefunsvhaugaeasuasndsnuiensaaevuazuandliiiuinunamduazesnsaui
waanuildvdeliiuannmeufiinsfiruaunaiu Sanugndeuaduldlfais

TngluynnszuIunisin1snsiaaeunaulIaa suasnd 191uLfl od uduninugniesuoanis
WasuwlasUSnasnamasasndanuluuiazmieufifing Mediegunisnamasuazndea
wanslu Appendix. A. Tneiisroniseail

. Food waste Anaerobic Reactor AR-104
. Food waste water separator V-107

. Rich water Heater E-216

. Lean MDEA Cooler E-209

. Internal Heat Exchanger E-306

. MDEA Pump P-202

. CO, compressor C-308

. Gas Turbine 1 C-304

. MDEA Absorber tower T-204

10. Food waste rotary screen SC-501

O 00 N O U1 A W N -
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5. muﬁanﬁ’ﬁ’aq (Material Selection)

= o " A a o = = o = ) o &
ﬂqﬁLa@ﬂ?ﬁﬂﬂJ@QW@WImUﬂigUQUﬂqiwamﬂﬂ'ﬁ?ﬂu@ﬂﬂ‘maqEJ‘U"U‘UEJ Iﬂﬁﬂﬂ‘ﬂ"ﬂﬁ]ﬂaﬂ JU

1. gauniiuazanunuldnuy
2. wiavesvasivia 1wy ansfianansnifnufisenfuieviediquilunisinniou
3. anmwanden wu anwlenduiivhlmAansynseuvesvislans
4. 59PN 7E0
5. auazanlunisinge

[

Tneilaveioanusaudanguauviinvesian W vielavs iewanafin vieasunin 1Jusiu Fean
wiavylindanautn vefwavtaiduwnnsaiu FenuaudRiUssuvesianyivonandlunised 5.1

A1319% 5.1 wanspautavesianyivie 7

Y Y . HUsAns | duvsdns | avwg
A2 Ay | anuAu | Tupadnanu . Y
. :, a3 msih AMuFauu 20
. ALY AsIN dsdn taneu o v . ’
G v : YYIYA? Anusau IUWE | viapuian
: o] St Su E ;
kym? | MPa) | (MPa) (GPa) ° X cp o
m
s A0S KY | WmK) | U/keK)
Tany
aqﬁﬁu 2800 72 72 72 22.5 192 910 660
NDILLAY 8940 69 220 110 16.5 398 385 1082
N RNNGRN 8530 75 303 110 20 110 377 905
AupuLed
8000 193 552 207 16 16 490 1510
316
mdnwmilen
ASUBU 7850 350 520 207 11.3 52 490 1425
Junang
WANERN
ABS 1080 40 55 25 95 0.26 1400 105
PVC 1400 41 a7 3.4 100 0.18 2400 80
HDPE 950 27 30 3 225 0.42 2000 130

1NN1TINATIEVAN1IEN LT IUNIINTEUIUNTHER WU aaunqdlasaalunisldauvindu

3000 °C (Stream 76, Flue gas) neiduansnisudniitaainniswalnilneldoandiauusgnsvinl

gaunivaandiflgamgiiasszanas 3000 °C ¥ wag anemswdndu 9 deamaiidewiiu 120 °C

FIAMUANUIUGIANTIFUYINAY 247.73 atm (Stream 98, CBG) WanaNil wuansnidgsinnseu

119 19U H,S CO, waw NH; Wusu visdlanunsoasunisidentdianluwiasannzaanlunszuiunis

NANAILAAILUANSIN 5.2
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M19197 5.2 uanansidenleianluusaran1ivaaniunssuiunsndn

Stream No. Stream Name am’szgﬂqmﬁwu winddnvie
76 Flue gas 3000 °C Graphite
98 CBG 247.73 atm Low carbon steel
16 FW Biogas NH3 6010 ppm Stainless Steel
55 Compressed CO, (1) CO, 99.50% Stainless Steel
82 Compressed CO, (2) C0O, 99.51% Stainless Steel
60 Off cas H.S 4050 ppm Stainless Steel
anensnaniialy Stainless Steel

NANTNA 5.2 Msidenviatagviedmsunsidaunamyias Tuyas 1000-3000 °C wiln

Y
o a 1

vorianvie n1ld (Graphite) anansanusieanuseulafuazaunsasuaumgigegaminiu 3000 °C
[39][140

] =

Miagdesiunisinnsou nuseanimenialadsuisdanundanguas Jamangdmiung
Fonldiduagvioludruves Combined heat and power unit #dsandiiunszurunswlusivdn
asagiigaumaiigeuszana 2000-3000 °C wenanil msldauiutueufoudietostuliliiinns
dudfatuviefigamgigslaenss Tunsdinmsidonldtagviodmsumsldnuiirnusugs msdeniand
annsodaveuld liuaniuszuazamsidenvuinnnunvesielimnyanilesesfuiuanuduily
s Fanflanunsonusionudugdldd 1wy indnndransusu (Carbon steel) Faflmnuviangu 1
gnuazflenldlugeamnssy Y

Tunsdinsdenléfandmiuldnudvarsidqnidanieu nisldimdnndldadu (stainless
steel) iunilstandilasumiufomiesaindanuudase numu uaznudenisinnseuldd wu
stainless steel 316 i Maximum Corrosion Allowance Wiy 3 fiadiung famseil 5.3 “2 sauds
annsanugunndgsliuazgumgdenldd Jestunisifnady fearunsaltiduiangviedmiu
aon1sHANBY 9 Aefifgasguunivseun 0-250 °C adlmrsinisvuauuiiietestunisgade
anufeunazilondasadelunisinay
deflansaunsiawesiagnuitsaivesieatnindnndnlfaduiisiaigeniinisidenld

widnnaiaisuay a9

! wiagmannanlfatuasdduyuaininidiesaudfvesiandauisadeaiu
nsinnseuvasiels yiliaiuisaandunulunisdentizwsenisdsulndilioinnisggala by

ITYTYN
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M19197 5.3 anuanunsalunistesiumsinnseunasdedninvesianvousazyiln

Hydrocarbon Corrosion

Material Limitations Standards
Resistance
Carbon and Low- Fair to good Minimum Design Temperature: -29°C ASME B31.3 &
Temperature for Carbon Steel and -46°C for Low- NORSOK M-001
Carbon Steel Temperature Carbon Steel
Stainless Steel Good Maximum Corrosion Allowance: 3 mm NORSOK L-001

316

Maximum Operating Temperature
Without coating: 60°C

22Cr Duplex

Good to excellent

Maximum Operating Temperature

NORSOK M-001 1SO

Stainless Steel Without coating; 100°C 15156
Maximum H2S level: 1.5 psi
25Cr Super Good to excellent Minimum Design Temperature: -46°C ASME B31.3 &
Duplex-Stainless Maximum Operating Temperature NORSOK M-001 1SO
Steel Without Coating: 110°C 15156
Maximum H,S level: 3 psi
6MO Good to excellent Minimum Design Temperature: 46°C ASME B31.3 &
Maximum Operating Temperature NORSOK M-001 I1SO
Without Coating: 120°C 15156
Maximum H,S level: depends on H,S,
temperature, and chloride level
Nickel Alloy- Excellent Maximum Operating Temperature ASME B31.3 &
Inconel 625 Without Coating: 120°C NORSOK M-001
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6. ANUABINITESISYULAA (Utility Requirement)

mﬁ'ﬁa‘gﬂimLﬂuﬁqﬁﬁﬁﬁﬂuﬂszmumiﬁaﬁfuaywmaﬂﬁﬁami(ﬁhaﬂ Tusanzaniunis
filmnzay Msmuauanzgumgivesasasavildlasuaniudsuainudeuasifosnistu
e U{URNT Heat exchanger AuanssyUlaalunszuiunis 1wy a1svasiiu iifu ledh vde
il dwsunismuauauduvesednaniglunszuiunig Mildainnslding esguussivan
(Pump) waziA3asdnane (Compressor) tngldlnifuunaamd sy

Tunmsfinwmssenuuunszuuil assaUlnefldussneulde 4 via fo

1.l findsldiesainnssuaunns Combined heat and power unit

2. ansviaerfuvila R-152a figaumgil -20 °C

3. lethilanudush 5 barg gamgdl 160 °C TaglifinslflotndnluiAuliiulsany

0. dnduilguugd 30 °C

as1sagUlnaliiinnnglunszuiunisfiosnuuuldunainnszuiunis Combined heat and
power unit Gl niudosdelniiiannieuen Taelwihgninluldifiemuauaruduanniedes
quvaaVal (Pump) WaziaTasdnoIne (Compressor) uandnindsnulriidagniluldlunisusu
pumgiidhedmiumsiiinenmgiivesansuisdiuiifesnsndsnuanuieuties Taewdsnuniuieu

9 Y

Adeanisanmnsoldliiinlunislianudeuwnuldlaslassnsannsaldluiildarnnisadnlunns
AsiunsyuunsHAaiisane auidasinisdmsanansovieliiiiuguuldnswudhang
nMsuanidsunudeuiifiuszansnmeumgivesansiifesmsuaniddsuninuiounds
unneinsiuage 10 °C [46] Welsfussdudmiuuanisueufousnwouasldfuiiiadmi
uanasunudeunielu Heat exchanger ilvisngas danafonLANAIUITIAFUNUNNTHARLAY
sindunulumsasmugunsnidnde einsdndunssuiunnediiduiuasdostiiumeldgungd
Tu29 0-5 °C wdasndn 30 °C nbufigamgd 30 °C agliannsagaslunisangunfivesans
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gumgdl -20°C iouaniasuanuounasiussiudmsunaniasunnuousnnnedmiuangumyd
yosansloelutas 0-5 °C 3aA1ndn 30 °C 16l Insansviderduviia R-152a iuansianuduaied
liszaneiAsauazsiduansialn foinduansvianuduiifiarudasade [36]
dsulethilenudiusi 5 barg grumndl 160 °C ldwufngamgiluszuy madenldloth
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WNANUAUAT 5 barg aaungil 160 °C aevinlngiglisesrnudasnsdeuarUssndaaildingla

Unduigamall 30 °C aglddnivuaniuasugamgiveuiaemassasudngndaseaany
Aunazdraliguvgiveniaiandssosudaaduninnit 40 °C Judenldunduiioamagd 30 °C
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M151 6.1 AuReIn1IanssuUlnAvedlsaziATRIYRIN TN Y

Equipment D Equipment Name Electricity | Refrigeration Steam Cooling water
(kw) (GJ/hr) (kg/hr) (kg/hr)
AR-104 Food waste Anaerobic reactor 3458.51
V-107 Food waste water separator 1.14
AR-111 Cassava waste Anaerobic reactor 12.65
V-114 Cassava waste water separator 1.39
C-201 Biogas Compressor 345.09
P-202 MDEA pump 13.2
E-203 MDEA heater 5787
V-205 CBG flash separator 0.21
P-206 Rich MDEA pump 6.84
E-207 Rich MDEA heater 11517.09
T-208 MDEA stripper tower 18591.65
MDEA stripper tower condenser 10.46
MDEA stripper tower reboiler 23627.15
E-209 Lean MDEA heater 75.32
E-210 Acid gas heater 176.1
P-211 Scrub water pump 2.57
V-213 Acid gas flash separator 0.17
C-214 Acid gas compressor 199.64
P-215 Rich water pump 3.92
E-216 Rich water heater 3041.44
T-217 Water stripper tower 2421.81
Water stripper tower condenser 13.51
Water stripper tower reboiler 23627.15
P-218 Lean water pump 1.97
E-219 Lean water cooler 9.7
C-301 Oxygen compressor 238.34
C-302 Fuel compressor 776.24
E-306 Internal heat exchanger 27782.55
V-307 Flue gas flash separator 18.91
C-308 CO2Z compressor 205.78
P-309 Utility water pump 1 2.58
P-310 Utility water pump 2 3.79
E-401 Fuel gas heater 38.76
C-402 Fuel gas Compressor
E-403 CBG heater 31.47
C-404 CBG compressor 1 104.49
E-405 CBG cooler 1 8511.07
C-406 CBG compressor 2 67.87
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Equipment ID Equipment Name Electricity | Refrigeration Steam Cooling water
(kW) (GJ/hr) (kg/hr) (kg/hr)

E-407 CBG cooler 2 5411.38
C-408 CBG compressor 3 79.08

E-409 CBG cooler 3 6612.45
C-410 CBG compressor 4 84.53

E-411 CBG cooler 4 7042.64
C-412 CBG compressor 5 91.71

E-413 CBG cooler 5 7683
c-414 CBG compressor 6 2.32
SC-501 Food waste rotary screen 15
SC-502 Cassava waste rotary screen 1.5
Pyrolysis unit 32.36

Total 2511.65 143.46 | 119854.35 35260.54

M5 6.2 aguuinaumsldansisudlaaluudaznsl

Scenario Ele(ck';r\ilc):ity Refrigeration (GJ/hr) Steam (kg/hr) | Cooling water (kg/hr)
Base case 2511.65 140.55 119854.35 35260.54
Scenario 1 8470.69 214.28 118773.86 35260.55
Scenario 2 8470.69 214.28 118773.86 35260.55
Scenario 3 8470.69 91.54 0.00 35260.55

nsfnwnsaniunssuiunisiadvensdengg szdmaseusunanisldaisisyulag dwisei 6.1 - 6.2
al = a ' ad = - PN ' . . Lo & w Y @
Lll@L‘UiEJULV]'EJ"Uigﬂﬁqﬂﬂimwu;ﬁnuLLa$ﬂ§€Uﬂ'ﬁﬁﬂT'ﬂW 1 wWuN TLUﬂﬁB‘U']‘Lm'ﬁ Air separation unit T\]WLUUWEJ\TFLGUWﬁQQ']u

Twindudunumn viliseseusudsanszurunisudnlninlunszuiunts Combined heat and power unit el
lassmsanunsandalniilddwiuadunseuiunmaniinelulasimsuazuigguusulanudvang dwaliinaing
Aoin1sUsunanstd asvaadunniu Msdnsdi@nedl 2 maiiunisvendadusinfansvaulaeenlymduian

feas1e azlddwadionsaliunseuiunismanil iivsinaenudesnisassullaaviiunsdfnui 1
dmSUnIAN 3 N9 Heat integration WNLALADINATEN 2 danaliiAnn1suaniUdsunIIusouszwINg
nszualunszuIuNsIINAY vhlianudeinmsansisayulneanas urluvazdeiiudunmsviysannisausou (Heat

integration) AzdINalazADUNUTIUIU Heat exchanger d1115UN1THANIUABUAIINTDUTENINNATELANTZUIUNT
WNTU AIUUN1IY Heat integration S1Tuvzdesiansanszniyunusensas syUlnAanasuas AUy

n1saamuaunal Heat exchanger
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7. EQuipment List

[

M1319% 7.1 Megseazidenvesgunsailylunsdiiugiu (Base-case)

No. Equipment ID Equipment Name Number Required Material of Construction
1 B-101 Food waste blender 1800 Stainless Steel
2 FT-102 Food waste disc and drum filter 70 Stainless Steel
3 M-103 Food waste mixer 1 Stainless Steel
a4 AR-104 Food waste Anaerobic reactor
5 V-105 Food waste biogas Flash separator 1 Stainless Steel
6 V-106 Food waste biogas filter vessel
7 V-107 Food waste water separator 1 Stainless Steel
8 B-108 Cassava waste blender 1800 Stainless Steel
9 FT-109 Cassava waste disc and drum filter 70 Stainless Steel
10 M-110 Cassava waste mixer 1 Stainless Steel
11 AR-111 Cassava waste Anaerobic reactor
12 V-112 Cassava waste biogas Flash separator 1 Stainless Steel
13 V-113 Cassava waste biogas filter vessel
14 V-114 Cassava waste water separator 1 Stainless Steel
15 X-115 Globe valve 1 Stainless Steel
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No. Equipment ID Equipment Name Number Required Material of Construction
16 X-116 Globe valve 1 Stainless Steel
17 X-117 Control valve 1 Stainless Steel
18 X-118 Control valve 1 Stainless Steel
19 X-119 Globe valve 1 Stainless Steel
20 X-120 Control valve 1 Stainless Steel
21 X-121 Control valve 1 Stainless Steel
22 X-122 Mixing valve 1 Stainless Steel
23 X-123 Control valve 1 Stainless Steel
24 X-124 Control valve 1 Stainless Steel
25 X-125 Control valve 1 Stainless Steel
26 X-126 Mixing valve 1 Stainless Steel
27 X-127 Globe valve 1 Stainless Steel
28 X-128 Globe valve 1 Stainless Steel
29 X-129 Control valve 1 Stainless Steel
30 X-130 Control valve 1 Stainless Steel
31 X-131 Globe valve 1 Stainless Steel
32 X-132 Control valve 1 Stainless Steel
33 X-133 Control valve 1 Stainless Steel

41



No. Equipment ID Equipment Name Number Required Material of Construction

34 X-134 Mixing valve 1 Stainless Steel

35 X-135 Control valve 1 Stainless Steel

36 X-136 Control valve 1 Stainless Steel

37 X-137 Control valve 1 Stainless Steel

38 X-138 Mixing valve 1 Stainless Steel

39 C-201 Biogas Compressor 1 Stainless Steel

40 P-202 MDEA pump 1 Stainless Steel

41 E-203 MDEA heater 1 Shell - Stainless Steel,
Tube - Stainless Steel

a2 T-204 MDEA absorber tower 1 Stainless Steel

43 V-205 CBG flash separator 1 Stainless Steel

a4 P-206 Rich MDEA pump 1 Stainless Steel

45 E-207 Rich MDEA heater 1 Shell - Stainless Steel,
Tube - Stainless Steel

a6 T-208 MDEA stripper tower 1 Stainless Steel

ar E-209 Lean MDEA cooler 2 Shell - Stainless Steel,
Tube - Stainless Steel

a8 E-210 Acid gas heater 1 Shell - Stainless Steel,

Tube - Stainless Steel
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No. Equipment ID Equipment Name Number Required Material of Construction

49 p-211 Scrub water pump 1 Stainless Steel

50 T-212 Water scrubbing tower 1 Stainless Steel

51 V-213 Acid gas flash separator 1 Stainless Steel

52 C-214 Acid gas compressor 1 Stainless Steel

53 P-215 Rich water pump 1 Stainless Steel

54 E-216 Rich water heater 1 Shell - Stainless Steel,
Tube - Stainless Steel

55 T-217 Water stripper tower 1 Stainless Steel

56 P-218 Lean water pump 1 Stainless Steel

57 E-219 Lean water cooler 1 Shell - Stainless Steel,
Tube - Stainless Steel

58 X-220 Mixing valve 1 Stainless Steel

59 X-221 Control valve 1 Stainless Steel

60 X-222 Globe valve 1 Stainless Steel

61 X-223 Check valve 1 Stainless Steel

62 X-224 Mixing valve 1 Stainless Steel

63 X-225 Control valve 1 Stainless Steel

64 X-226 Safety valve 1 Stainless Steel

65 X-227 Control valve 1 Stainless Steel
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No. Equipment ID Equipment Name Number Required Material of Construction
66 X-228 Mixing valve 1 Stainless Steel
67 X-229 Control valve 1 Stainless Steel
68 X-230 Control valve 1 Stainless Steel
69 X-231 Control valve 1 Stainless Steel
70 X-232 Check valve 1 Stainless Steel
71 X-233 Safety valve 1 Stainless Steel
72 X-234 Control valve 1 Stainless Steel
73 X-235 Control valve 1 Stainless Steel
74 X-236 Mixing valve 1 Stainless Steel
75 X-237 Globe valve 1 Stainless Steel
76 X-238 Globe valve 1 Stainless Steel
77 X-239 Check valve 1 Stainless Steel
78 X-240 Mixing valve 1 Stainless Steel
79 X-241 Control valve 1 Stainless Steel
80 X-242 Safety valve 1 Stainless Steel
81 X-243 Control valve 1 Stainless Steel
82 X-244 Control valve 1 Stainless Steel
83 X-245 Control valve 1 Stainless Steel
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No. Equipment ID Equipment Name Number Required Material of Construction

84 X-246 Control valve 1 Stainless Steel

85 X-247 Check valve 1 Stainless Steel

86 X-248 Safety valve 1 Stainless Steel

87 X-249 Control valve 1 Stainless Steel

88 X-250 Control valve 1 Stainless Steel

89 X-251 Mixing valve 1 Stainless Steel

90 X-252 Check valve 1 Stainless Steel

91 X-253 Mixing valve 1 Stainless Steel

92 X-254 Mixing valve 1 Stainless Steel

93 X-255 Globe valve 1 Stainless Steel

94 C-301 Oxygen compressor 1 Stainless Steel

95 C-302 Fuel compressor 1 Stainless Steel

96 R-303 Combustion reactor 1 Stainless Steel

91 C-304 Gas turbine 1

98 C-305 Gas turbine 2 1 Stainless Steel

99 E-306 Internal heat exchanger 1 Shell - Stainless Steel,
Tube - Stainless Steel

100 V-307 Flue gas flash separator 1 Stainless Steel

45



No. Equipment ID Equipment Name Number Required Material of Construction
101 C-308 CO2 compressor 1 Stainless Steel
102 P-309 Utility water pump 1 1 Stainless Steel
103 P-310 Utility water pump 2 1 Stainless Steel
104 X-311 Globe valve 1 Stainless Steel
105 X-312 Mixing valve 1 Stainless Steel
106 X-313 Safety valve 1 Stainless Steel
107 X-314 Control valve 1 Stainless Steel
108 X-315 Control valve 1 Stainless Steel
109 X-316 Globe valve 1 Stainless Steel
110 X-317 Check valve 1 Stainless Steel
111 X-318 Check valve 1 Stainless Steel
112 E-401 Fuel gas heater 1 Shell - Stainless Steel,
Tube - Stainless Steel
113 C-402 Fuel gas Compressor 1 Stainless Steel
114 E-403 CBG heater 1 Shell - Stainless Steel,
Tube - Stainless Steel
115 C-404 CBG compressor 1 2 Stainless Steel
116 E-405 CBG cooler 1 1 Stainless Steel
117 C-406 CBG compressor 2 1 Stainless Steel
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No. Equipment ID Equipment Name Number Required Material of Construction
118 E-407 CBG cooler 2 1 Stainless Steel
119 C-408 CBG compressor 3 1 Stainless Steel
120 E-409 CBG cooler 3 1 Stainless Steel
121 C-410 CBG compressor 4 1 Stainless Steel
122 E-411 CBG cooler 4 1 Stainless Steel
123 C-412 CBG compressor 5 1 Stainless Steel
124 E-413 CBG cooler 5 1 Stainless Steel
125 C-414 CBG compressor 6 1 Stainless Steel
126 X-415 Mixing valve 1 Stainless Steel
127 X-416 Mixing valve 1 Stainless Steel
128 SC-501 Food waste rotary screen 1 Stainless Steel
129 SC-502 Cassava waste rotary screen 1 Stainless Steel
130 X-503 Mixing valve 1 Stainless Steel
131 X-504 Mixing valve 1 Stainless Steel
132 X-505 Mixing valve 1 Stainless Steel
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8. AnautAvasgUnsal (Equipment specification)
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A1519% 8.1 @mamﬁamaﬂqﬂﬂiﬁ Anaerobic Digestor Wag Vessel, Vertical

Equipment name AR-104 AR-111 V-107 V-114
Type Anaerobic Digestor Anaerobic Digestor Vessel, Vertical Vessel, Vertical
Liquid volume m’ 19634.95 19634.95 2.40 5.40
Vessel diameter meter 25.00 25.00 091 1.37
Vessel tangent to tangent height | meter 40.00 40.00 3.66 3.66
Design gauge pressure atm 1.02 1.02 2.02 2.02
Design temperature C 121.11 121.11 121.11 121.11
Materials of Construction SS SS SS SS
Net duty kw 2772.73 -3289.14 -317.33 -385.75

Stream Inlet Outlet Inlet Outlet Inlet Outlet | Outlet Inlet Outlet Outlet
Stream name 3 q 17 18 8 9 14 22 23 27
Temperature C 11.57 11.57 17.39 17.39 55.00 5.00 5.00 37.00 5.00 5.00
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mass Flows ke/hr 67333.75 | 67333.75 | 44444.33 | 4444433 | 3833.34 | 359.23 | 3474.11 11871.92 362.81 11509.10
Mole Flows kmol/hr | 3085.29 | 3085.29 | 188556 | 1885.56 142.12 19.94 122.18 414.76 20.14 394.62
Mass Density kg/m’ 68.83 68.83 841.27 841.27 1.01 976.12 5.00 1.13 976.13 1.28
Molar Vapor Fraction 0.01 0.01 0.00 0.00 0.99 0.00 1.00 1.00 1.00 0.00
Utility Steam Refrigeration Refrigeration Refrigeration
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M1399 8.2 AasanURvesgunsal Vessel, Vertical

Equipment name V-205 V-213 V-307
Type Vessel, Vertical Vessel, Vertical Vessel, Vertical
Liquid volume m’ 2.40 2.40 2.40
Vessel diameter meter 0.91 0.91 0.91
Vessel tangent to tangent
height meter 3.66 3.66 3.66
Design gauge pressure atm 3.40 3.40 3.40
Design temperature C 121.11 121.11 121.11
Materials of Construction SS SS SS
Net duty kw 0.00 -47.23 -5253.22
Stream Inlet Outlet Outlet Inlet Outlet Outlet Inlet Outlet Outlet
Stream name 35 36 37 49 50 52 75 76 144
Temperature C 43.80 0.00 0.00 25.35 10.00 10.00 169.77 0.00 0.00
Pressure atm 1.97 1.00 1.00 2.96 3.00 3.00 0.65 1.00 1.00
Mass Flows ke/hr 1287.71 44.42 1243.29 8392.53 8368.42 24.11 14349.25 6006.04 8343.21
Mole Flows kmol/hr 65.44 2.46 62.97 192.04 190.71 1.33 523.49 333.38 190.11
Mass Density kg/m’ 1.50 999.68 0.88 5.37 577 998.89 0.49 1016.80 1.97
Molar Vapor Fraction 1.00 0.00 1.00 1.00 1.00 0.00 1.00 0.00 1.00
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M13719% 8.3 AanURvesgunInivie MDEA Absorber way Water Scrubber

Multi-diameter tower T-204 T-212
Diameter Bottom section meter 244 1.37
Bottom tangent to tangent height meter 22.86 24.69
Design pressure Bottom atm 3.40 3.40
Design temperature Bottom C 121.11 121.11
Materials of Construction SS SS
Bottom Packing material Section1 M107YB M107YB
Packing height Bottom Section1 meter 20.12 0.46
Calculated molar reflux ratio 24.03 M107YB
Condenser / top stage heat duty kW 0.00 20.12
Reboiler heat duty kW 0.00 1.00
Stream Inlet Outlet Inlet Outlet
Stream name 34 33 46 49
Temperature C 43.80 43.80 90.00 25.35
Pressure atm 1.97 1.97 3.00 2.96
Mass Flows ke/hr 5150.82 6438.53 8467.38 8392.53
Mole Flows kmol/hr 261.75 327.19 192.98 192.04
Mass Density ke/m? 1.50 1.50 4.46 5.37
Molar Vapor Fraction 1.00 1.00 1.00 1.00
Stream Inlet Outlet Inlet Outlet
Stream name 32 38 47 53
Temperature C 43.00 58.28 25.00 29.55
Pressure atm 3.00 1.98 1.00 297
Mass Flows ke/hr 179798.62 | 188343.30 | 25000.00 25074.85
Mole Flows kmol/hr 7862.46 7856.60 1387.71 1388.64
Mass Density kg/m? 1012.60 1045.88 997.17 993.65
Molar Vapor Fraction 0.00 0.00 0.00 0.00
L/D 9.375 18
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mi’mﬁl 8.4 Qmauﬁamaﬂqﬂﬂiﬁ%a MDEA Stripper Wag Water Stripper

Multi-diameter tower T-208 T-217
Diameter Bottom section meter 244 1.22
Bottom tangent to tangent height meter 5.79 5.79
Design pressure Bottom atm 3.40 6.65
Design temperature Bottom C 162.82 179.77
Materials of Construction SS SS
Bottom Packing material Section1 M107YB M107YB
Packing height Bottom Section1 meter 3.05 3.05
Calculated molar reflux ratio 1.00 0.00
Condenser / top stage heat duty kW -2905.62 0.00
Reboiler heat duty kW 13684.25 7.23
Condenser T-208 Condenser T-208 Condenser
Heat transfer area sgm 61.20 61.20
Tube design pressure atm 3.40 3.40
Tube design temperature C 137.87 137.87
Shell design pressure atm 3.40 3.40
Shell design temperature C 137.87 137.87
Tube length extended meter 6.10 6.10
Tube pitch meter 0.03 0.03
Reboiler T-208 Reboiler T-208 Reboiler
Heat transfer area sgm 423.99 423.99
Tube design pressure atm 8.51 8.51
Tube design temperature C 192.11 192.11
Shell design pressure atm 5.67 5.67
Shell design temperature C 162.82 162.82
Tube length extended meter 6.10 6.10
Tube pitch meter 0.03 0.03

Stream Inlet Outlet Inlet Outlet
Stream name 40 41 55 56

Temperature C 90.00 5.00 90.00 5.00
Pressure atm 3.00 2.96 6.00 4.93
Mass Flows ke/hr 188343.30 | 8467.38 | 25074.85 62.13
Mole Flows kmol/hr 7890.99 192.98 1388.64 1.41
Mass Density kg/m? 319.85 5.80 854.64 9.81
Molar Vapor Fraction 0.01 1.00 0.00 1.00
L/D 2.375 4.75
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51971 8.5 ﬂmamﬁaﬁuaﬂ’qﬂﬂiaﬂ Heat exchanger, U-tube (both shell and tube) Shell - SS/Tube - SS

Heater E-203 E-207 E-209 E-210 E-216 E-219
Heat transfer area sgm 35.73 77.35 1675.73 11.41 21.90 196.79
Tube design pressure atm 8.51 8.51 5.10 8.51 8.51 5.10
Tube design temperature C 192.11 192.11 162.66 192.11 192.11 145.24
Shell design pressure atm 5.67 5.67 3.40 5.67 7.70 3.40
Shell design temperature C 121.11 121.11 162.66 121.11 121.11 145.24
Tube length extended meter 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
Net duty kw 3345.84 7567.44 -20921.75 176.10 1761.51 -2695.24
Inlet stream name 31 39 44 41 54 62
Temperature C 25.05 57.96 134.88 5.00 29.68 117.46
Pressure atm 3.00 3.00 2.96 2.96 6.00 3.00
Mass Flows ke/hr 179798.62 188343.30 179875.92 8467.38 25074.85 25000.00
Mole Flows kmol/hr 7862.46 7856.58 7854.10 192.98 1388.64 1387.70
Mass Density kg/m3 1020.32 1046.18 855.88 5.80 993.71 944.91
Molar Vapor Fraction 0.00 0.00 0.00 1.00 0.00 0.00
Outlet stream name 32 40 45 46 55 63
Temperature C 43.00 90.00 25.00 90.00 90.00 25.00
Pressure atm 3.00 3.00 3.00 3.00 6.00 3.00
Mass Flows ke/hr 179798.62 188343.30 179875.92 8467.38 25074.85 25000.00
Mole Flows kmol/hr 7862.46 7890.99 7854.09 192.98 1388.64 1387.70
Mass Density |<g/m3 1012.60 319.85 1021.26 4.46 854.64 997.25
Molar Vapor Fraction 0.00 0.01 0.00 1.00 0.00 0.00
Utility Steam Steam Refrigeration Electricity Steam Refrigeration




Heater E-401 E-403 E-405 E-407 E-409 E-411 E-413
Heat transfer area sgm 1.71 0.90 4.88 2.16 1.89 0.67 1.42
Tube design pressure atm 8.51 8.51 5.10 7.72 20.70 56.66 168.58
Tube design temperature | C 192.11 192.11 225.30 186.04 210.72 228.64 255.26
Shell design pressure atm 5.67 5.67 5.66 11.58 31.05 84.99 252.86
Shell design temperature | C 127.78 121.11 225.30 186.04 210.72 228.64 255.26
Tube length extended meter 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
Net duty kw 38.76 31.47 -98.82 -62.83 -76.78 -81.77 -89.21
Inlet stream name 64 37 84 86 88 90 92
Temperature C 43.78 0.00 197.52 158.26 182.94 200.87 227.48
Pressure atm 1.97 1.00 3.96 9.88 27.65 80.94 240.82
Mass Flows kg/hr 1287.71 1243.29 1243.29 1243.29 1243.29 1243.29 1243.29
Mole Flows kmol/hr 65.44 62.97 62.97 62.97 62.97 62.97 62.97
Mass Density ke/cum 1.50 0.88 2.03 5.53 14.65 41.12 109.88
Molar Vapor Fraction 1.00 1.00 1.00 1.00 1.00 0.00 1.00
Outlet stream name 65 83 85 87 89 91 93
Temperature C 100.00 50.00 60.00 70.00 80.00 100.00 130.00
Pressure atm 2.00 1.00 3.96 9.88 27.65 80.94 240.82
Mass Flows ke/hr 1287.71 1243.29 1243.29 1243.29 1243.29 1243.29 1243.29
Mole Flows kmol/hr 65.44 62.97 62.97 62.97 62.97 62.97 62.97
Mass Density ke/cum 1.29 0.75 2.88 7.01 19.38 55.00 144.70
Molar Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Utility Electricity Electricity Cooling water | Cooling water | Cooling water | Cooling water | Cooling water
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M13719% 8.6 AanUAvesaUnIal Heat exchanger

Heat exchanger E-203
Type Heat exchanger, U-tube (both shell and tube)
Heat transfer area sgm 25.41
Required exchanger area sgm 25.41
Tube design pressure atm 7.64
Tube design temperature C 2417.51
Shell design pressure atm 5.09
Shell design temperature C 2417.51
Tube length extended meter 6.10
Tube pitch meter 0.03
Materials of Construction Shell - SS/Tube - SS
LMTD (Corrected) K 771.65
Heat duty kKW 16669.04
Average U (Dirty) kKW/sgm-K 0.85
Hot Stream
Stream name 74 75
Temperature C 2389.73 169.77
Pressure atm 0.65 0.65
Mass Flows ke/hr 14349.25 14349.25
Mole Flows kmol/hr 523.49 523.49
Mass Density kg/m’ 0.08 0.49
Molar Vapor Fraction 1.00 1.00
Cool Stream

Stream name 81 82
Temperature C 25.01 159.78
Pressure atm 5.93 5.93
Mass Flows ke/hr 25000.00 25000.00
Mole Flows kmol/hr 1387.71 1387.71
Mass Density kg/m’ 993.02 3.79
Molar Vapor Fraction 0.00 0.82
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M13719% 8.7 AaaudRvesgunsal Turbine

Turbine C-304 C-305 C-402
Combustion Combustion
Type Turbiné ) Turbin.e ) Turbine, Axial
Electric Electric
Generator Generator
Design pressure Inlet atm 6.00 1.98 2.00
Design pressure Outlet atm 1.98 0.65 1.25
Design temperature Inlet C 3000.00 2696.96 100.00
Materials of Construction SS SS SS
Net work required KW -2864.13 -2534.23 -18.20
Isentropic efficiency fraction 0.70 0.76 0.72
Inlet Stream
Stream name 72 73 65
Temperature C 3000.00 2696.96 100.00
Pressure atm 6.00 1.98 2.00
Mass Flows kg/hr 14349.25 14349.25 1287.71
Mole Flows kmol/hr 523.49 523.49 65.44
Mass Density ke/m? 0.61 0.22 1.29
Molar Vapor Fraction 1.00 1.00 1.00
Outlet Stream

Stream name 73 74 66
Temperature C 2696.96 2389.73 73.86
Pressure atm 1.98 0.65 1.25
Mass Flows ke/hr 14349.25 14349.25 1287.71
Mole Flows kmol/hr 523.49 523.49 65.44
Mass Density ke/m’ 0.22 0.08 0.86
Molar Vapor Fraction 1.00 1.00 1.00
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M137197 8.8 AanURAvesaunsal Pump, Centrifugal

Pump P-206 P-211 P-215 P-218 P-202 P-309 P-310
Liquid flow rate cum/sec 0.06 0.01 0.00 0.01 0.05 0.01 0.01
Fluid head meter 10.06 20.76 62.08 21.86 20.27 20.84 30.58
Design pressure atm 3.40 3.40 7.70 3.40 3.40 3.40 7.64
Design temperature C 121.11 121.11 121.11 145.24 121.11 121.11 121.11
Shaft power kw 6.85 2.57 3.93 88.72 13.2 2.58 3.79
Pump efficiency fraction 0.75 0.55 0.55 0.86 0.75 0.55 0.55
NPSH available J/ke 0.00 98.44 0.00 -71.31 96.53 99.43 303.50
Materials of Construction SS SS SS SS SS SS SS
Inlet stream name 38 47 53 59 30 79 80
Temperature C 58.28 25.00 29.55 114.82 25.00 25.00 25.02
Pressure atm 1.98 1.00 297 1.00 1.00 1.00 3.00
Mass Flows ke/hr 188343.30 25000.00 25074.85 28521.17 179798.62 25000.00 25000.00
Mole Flows kmol/hr 7856.60 1387.71 1388.64 1583.16 7862.46 1387.71 1387.71
Mass Density kg/m3 1045.88 997.17 993.65 946.94 1020.26 993.03 993.01
Molar Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Outlet stream name 39 48 54 60 31 80 81
Temperature C 57.96 25.09 29.68 117.46 25.05 25.02 25.01
Pressure atm 3.00 3.00 6.00 3.00 3.00 3.00 593
Mass Flows ke/hr 188343.30 25000.00 25074.85 28521.17 179798.62 25000.00 25000.00
Mole Flows kmol/hr 7856.58 1387.71 1388.64 1583.16 7862.46 1387.71 1387.71
Mass Density kg/m3 1046.18 997.24 993.71 944.91 1020.32 993.01 993.02
Molar Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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A1519% 8.9 @mauﬁamaﬂqﬂﬂiaﬁ Compressor, Centrifugal

Compressor C-201 C-214 C-302 C-301 C-308
Design pressure Inlet atm 1.00 3.00 1.97 1.00 1.00
Design pressure Outlet atm 2.00 8.51 5.92 2.00 3.00
Design temperature Inlet C 5.00 10.00 83.46 25.00 0.00
Design temperature Outlet 70.48 110.06 236.69 113.97 102.83
Isentropic outlet temperature C 52.83 84.57 192.84 89.34 75.74
Materials of Construction SS SS SS SS SS
Isentropic power requirement kw 248.47 143.74 543.37 171.61 148.16
Net work required kw 345.09 199.64 776.24 238.34 205.78
Efficiency (polytropic / isentropic) used 0.72 0.72 0.70 0.72 0.72
Inlet stream name 28 50 70 68 14
Temperature C 5.00 10.00 83.46 25.00 0.00
Pressure atm 1.00 3.00 1.97 1.00 1.00
Mass Flows ke/hr 14983.22 8368.42 14349.25 10424.00 8343.21
Mole Flows kmol/hr 516.80 190.71 523.49 325.76 190.11
Mass Density kg/m> 1.28 5.77 1.85 1.31 1.97
Molar Vapor Fraction 1.00 1.00 1.00 1.00 1.00
Outlet stream name 29 51 71 69 78
Temperature C 70.48 110.06 236.69 113.97 102.83
Pressure atm 2.00 8.51 5.92 2.00 3.00
Mass Flows ke/hr 14983.22 8368.42 14349.25 10424.00 8343.21
Mole Flows kmol/hr 516.80 190.71 523.49 325.76 190.11
Mass Density kg/m3 2.06 12.08 3.88 2.02 4.30
Molar Vapor Fraction 1.00 1.00 1.00 1.00 1.00
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Compressor C-404 C-406 C-408 C-410 C-412 C-414 C-201
Design pressure Inlet atm 1.00 3.96 9.88 27.65 80.94 240.82 1.00
Design pressure Outlet atm 3.96 9.88 27.65 80.94 240.82 247.73 2.00
Design temperature Inlet 50.00 60.00 70.00 80.00 100.00 130.00 5.00
Design temperature Outlet 197.52 158.26 182.94 200.87 227.48 133.21 70.48
Isentropic outlet temperature 159.24 132.56 154.40 172.33 199.25 132.49 52.83
Materials of Construction SS SS SS SS SS SS SS
Isentropic power requirement kw 75.23 48.87 56.94 60.86 66.03 1.67 248.47
Net work required kw 104.49 67.87 79.08 84.53 91.71 2.32 345.09
Efficiency (polytropic / isentropic) used 0.72 0.72 0.72 0.72 0.72 0.72 0.72
Inlet stream name 83 85 87 89 91 93 28
Temperature C 50.00 60.00 70.00 80.00 100.00 130.00 5.00
Pressure atm 1.00 3.96 9.88 27.65 80.94 240.82 1.00
Mass Flows ke/hr 1243.29 1243.29 1243.29 1243.29 1243.29 1243.29 14983.22
Mole Flows kmol/hr 62.97 62.97 62.97 62.97 62.97 62.97 516.80
Mass Density ke/ m’ 0.75 2.88 7.01 19.38 55.00 144.70 1.28
Molar Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Outlet stream name 84 86 88 90 92 94 29
Temperature C 197.52 158.26 182.94 200.87 227.48 133.21 70.48
Pressure atm 3.96 9.88 27.65 80.94 240.82 247.73 2.00
Mass Flows ke/hr 1243.29 1243.29 1243.29 1243.29 1243.29 1243.29 14983.22
Mole Flows kmol/hr 62.97 62.97 62.97 62.97 62.97 62.97 516.80
Mass Density kg/ m° 2.03 5.53 14.65 41.12 109.88 146.75 2.06
Molar Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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9. MTIATILNAUNUNITAMNY (Investment cost summary)

9

NTIATIEVAUNUNTAI) U ﬁ]ﬂﬁtjmimaummumﬂ 2 Una91989 leun

9.1 n1sUsy mmmuwumiawu‘wa’mamimaum%mua NANNIT Imamﬂaﬂmﬂ'ﬁaﬂmi
ni9d ® Analysis, Synthesis, and Design of Chemical Processes, Third Edition Un91 7 wag
Appendix. A [46]

9.2 mﬁJizmmﬁunumiamuﬁmﬁ'amaé’ﬁauuﬁgmuawé’ﬂmi 1Ag8198991NNENA"T
318917U Techno-Economic Analysis of Biochemical Scenarios for Production of Cellulosic
Ethanol, National Renewable Energy Laboratory (NREL) [47]

lngfI9g1aNaN1SALIMAIIMANNTS 10.1 Wag 10.2 awhansaiun1Tinseniununisadyu
(Capital investment) ?J@ﬁﬂiiﬁﬁﬁUﬁ’lﬂU Appendix E.2

9.1 N15AATILNAUNUNITAMY LlagarAenann1InIsUTEINAIAUNUNITAMUE1eBRINulede
Analysis, Synthesis, and Design of Chemical Processes, Third Edition

sedunuNTaTUTILA (Total capital investment, TCI) agUsenausae Ruamuidudu
(Fixed capital investment, FCI) uaz Rununyuiisu (Working capital, WC) Aaidu 17.5% vo9i3u
amuisuiy Fansafuwaildanaunisd 9.1) - 9.3) Buduanmsdsznasiaiglnsel Tnsende
NaNN1TNNTUTENIUTIAD19899ANUIED Analysis, Synthesis, and Design of Chemical Processes,
Third Edition Tagtiuaui3usu (Fixed capital investment) UszanaiAnsauduyudniy Total
module cost (Cry) LA AEIUIEALEZAINLE (Auxilliary facilities cost, Cy)

Total module cost (Cry) Usenaunie Total bare module cost (Cgy), ANSITTULLEULAIEU
dsemnidumnifinmansaifilinedauassilinisdidunszuiunsvesdssnuliaunsasniuld
Juunf

ﬁqéwuaaﬂaﬁmazmaﬂLa%m (Auxilliary facilities cost, Cy) UsEnaunie i%U‘UﬂWﬁ’]ﬁﬂé‘UiﬂﬂLLaz
dssnneauazemnaouen Wy daiuingiu dufundnsas izwmimammﬁﬁ%ﬂ‘[mﬁm%’mﬁ
ey ansndeibu len szuuUSulgsdadeudiunansdmivssuutiavends sruumnlnd
wazszuudasiudeasiy msU%’wquLazﬁmmﬁuﬁ dmsu nuu mMadu feensn nsfedeszuulii
sruuiPuarszuuinges nadeadsfiniaiy Fndinau Tssouuey fosmunuuarings [46]

CTM = 1182 CBM,i (91)
1.18
o (9.2)
CGR = CTM + 005 Z C BM,i
1.18
TCI=FCI+WC (9.3)

miﬂiummmwumiawm Limumﬂmialmwmmumuiumwaaﬂﬂimmﬂammuumaq
aﬂﬂ'iﬂﬂuﬂﬁ‘”UUUfﬂiLﬂmwf]ﬂ@\iﬂllll@%’?ﬁﬂlliiﬂuwll@ﬂE]Uﬂ'im‘l/lWﬂﬂ'Ji"i] ¥il %30 W'ﬁ?UﬂﬂJﬁM‘U@Iﬂﬁl
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aztdunanlusunsy Aspen Plus V.11 910 AspenTech wazviulutisveuinaussauzvasgunsal
inmue daznandseluludiuasusiaigunsal (Equipment cost summary)

9.2 N15AATILNAUNUNITAMY Tnga1AENdNN15N1TUTENINAUNUN TR US98 T189Y
Techno-Economic Analysis of Biochemical Scenarios for Production of Cellulosic Ethanol
Fununsasuiiinn (Total capital investment, TCN) Usenausdae dunumsasmuiiudy
saufuRuvyuieu Andu 0.89 vesruvunIamuEudU FsfununisamuiFudiu (Fixed capital
investment, FCI) 92Us¥NaUA78AUYUNTAIMUNIATILALN1980Y (Total direct cost and indirect
cost) MufiuRud1s0wmndy Andu 0.2 YBIRUNUNITAMUNNATHAZN18DULAE Y
FUNUNNTATUNIATA (Direct cost) TiuA Funumsasmuaunsal Infsfidnidu 0.015 wives
i’lmaﬂﬂi&m@ﬂmLiﬁl‘UiE]EJLLa’J way ﬂ’ﬂsﬁf\]’lEJIUﬂ’li‘UﬁJUi\‘iWUVl Andu 0.09 L‘I/l’]‘?JENiWﬂ’]E]UﬂimVl
Andadeusosudn
Funumsasumaden (Indirect cost) lein Admnsuasfileivny Andu 032 vess1an
gunsal Aldaredmiunisneadna Amdu 0.34 veasagunsal wazAsssudouningrunauas
AU Andu 0.89 veasiangunsal [47)
miﬂizmmﬁunumiamuﬁ]zLém’fumﬂmiﬂizmmﬂmeumQﬂmaiﬁ”ﬂﬂiumzmuﬂﬁl,ﬂﬁ
lAwn Storage Tank, Storage Tank Agitator, Anaerobic digestor, Plant Air Compressor, MDEA
stripper tower reflux pump, Water stripper tower reflux pump, Synthesis Gas Compressor,
Water intercooler wag Air separator unit Ingnislddeyagnsinislvavidrvesgunsaliifosnns
Wiguiugnsinisinavudivesaunsaliduaindeayagedeuway Combustion Turbine - Electric
Generator lnglddeyamdslifinfigunsaindnlsifiouiumdslifihfigunsaiifiuandoyadisdeudnls
AsanaselUluduagusimigunsal (Equipment cost summary)

YBNINNTNITINANTIUILADITATONAY TagNUNNAUNIATINITTNTUNzFoelTd1nTU
% d‘

ATIUNTEUIUNTHANIZIAINNITODNLUULANUEALSINU AITLEAIT199 UL UNITDDNLUULNUNILSI9U
(Preliminary Plot Plan) Tngannmseanuuuaraguldiniuiifiauasdupunsamudodiauluusias
nstlazdulumumisen 9.1

15799 9.1 agudunumsamuienauluusiasnsdl Wesianauliag 200000 um

Scenario Base case Scenario 1 Scenario 2 Scenario 3
Area (Rai) 29.07 25.45 26.34 26.34
Cost (THB) 5,813,022.95 5,089,538.66 5,268,288.66 5,268,288.66

a aa

INN1TBBNUUUNTTUILMIALl MITuTteyasiensgunaal fuiifiAudoddiuiy
Tasansuilugnistiasesisiagunsal duyunisawuiionmn nssunadeyauinuingdu
USuaunsudnndandndue Usuinvends anudesnisauaulunisaiiiunisnssuiung silila
nsUssIuiuunsHAR uazsefuiildannismenandusiimuainaals azanunsaazluusios
nsdlldfsiaznanlunsnagunanisdniulasanslundaznsd Ineduyunisasmu (nvestment
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cost summary) Aunulun15nEn (Operating cost summary) USu1uN1SHER S185ULAET YA
Ansziduasgmaniluusasnsdazuandumasasunansdiiugiu nsddnmdl 1-3 sy

e nseuandununisamugUnsal dununisudn sedureansdiugiuazuandly
Appendix.. E.1, E.3, E.4 #ua19u

Mnnsdifuguardedddiunudniuingvinnninsddnmi 1-3 esnaedesamuie
whaeandLaudmsunisiniundlunszuiunis Combined heat and power unit Way whalulnsiau
dwsulawdaeanBlaudmsuniswiludnanainlunsyuaunis Pyrolysis wiegnalsAnmulunsdlnw
7 1 way 2 \Jewfiunseuiunisudn Air separation unit dsaligadldlufinlunisdiiunszuiunis
wAnLRLTY Fousilifin1sUsuUsenszuaums Combined heat and power unit dialinannszudlstii
melulsanuiistu uidsnairlilnihiivsgyumuiviinuanas Tusaeideddamdoduiuiu
i eangaundvesndafigndnauoudndae vilidunuasisgulaaiadu waznisidia Ar
separation unit sl AsFunuAsIRuuAlElunsidunsy U ne

nsAnEINIAANWA 3 1Wesi Heat integration dswalvifunuansisayulnranas uaznszua
Suilazfedulurasszeznandidulasins 20 U asilugnisinnsaludaasvgmanideasdu
daunilslunsuszneunsdnaulamnumuzanvesnisamulundagnsd dafiagnailudiunis
ATILINAATEFANENS (Economic analysis) N153kA3zvikanls (Profit analysis) wazn153LAI1Z%
ausaulmvedlasenis (Sensibility analysis) nsdifinwil 3 nsdlviia Air Separation Unit siaa1n
Base case Laghisuny CO, dmiunsuanianneainasnedasidau 0.15 ve1 CO, findnld ievh
Heat integration Hunsdifnuiifienuinadlalunmsamuinniudedieutunsdfnuil 2

faiidmiunsdiinui 1-3 Sudufiesdesasmuiiumiog Air separation unit fidsnaseduny
msamuﬁwm wazdmSunsaif 3 evh Heat integration dawalifiaafins iy Heat exchanger
dmfunsuaniAsuaudoussriunsuansEUINNTINNTY
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Production Investment cost summary
Gas fuel production 9,271.48 ton/year Land cost
CBG production 8,918.39 ton/year Area 29.07 Rai
Overall electricity 1,900.96 MWh in Total land cost 5,813,022.95 THB
production a month Installed equipment cost (THB)
Fertilizer production 139,649.52  ton/yr Pretreatment 1,243,563,572.07
Pure carbon dioxide gas 120,323.75 ton/yr Anaerobic Digestion 194,421,410.61
production Biogas Cleaning 401,387,796.68
P-oil production 21,551.19 ton/yr Combined Heat and Power 1,480,179,302.31
Unit

Hot gas from pyrolysis 7,294.25  ton/yr Biogas Upgrading 452,977,890.98

Operating cost summary (THB/yr) Pyrolysis unit 319,372,448.28
Cassava waste 24,000,000.00 Wastewater treatment 605,175.89
Food waste 8,814,600.00 Total installed 4,092,507,596.81
Mixed plastic waste 3,315568.48 | Squipment cost
Water 5,179,856.97 The sum of fixed capital 7,182,653,621.46
MDEA 81,168,960.11 investment minus the
Oxygen gas 322,234,826.97 cost of land
Nitrogen gas 494,096.36 The sum of working capital 1,213,958,689.84
Compressed air 141,170.30 Total capital investment 8,396,612,311.30
Zinc losses 33,704,586.97

Total raw material cost 479,053,666.17 Revenue 3,387,786,370.15 THB/yr
Steam 2,455,384.30 Gross profit with 743,498,368.20 THB/yr
Cooling water 460.96 depreciation

Refrigeration 1,000,183.95 Gross profit without 743,498,368.20 THB/yr
Total utility 3,456,029.21 | depreciation

Waste water treatment 11,123.51 Net profit 594,798,694.56 THB/yr
Ash 20,545,472.12 Net present value 2599.67 MTHB

Total waste treatment 20,556,595.63 Discounted value of land 186.26 MTHB

Total operating Labor 5,265,000.00 + working capital

The cost of manufacturing 2,644,288,001.95 Discounted payback period 10.40 years
The cost of manufacturing 1,926,022,639.81 Internal Rate of Return (After-Tax) 14%

without depreciation
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Production Investment cost summary

Gas fuel production 9,271.48 ton/year Land cost

CBG production 8,918.39 ton/year Area 25.45 Rai

Overall electricity 970.38 MWh in Total land cost 5089538.66 THB

production a month

Installed equipment cost (THB)

Fertilizer production 139,649.52  ton/yr Pretreatment 1,243,563,572.07

Pure carbon dioxide gas 120,323.75 ton/yr Anaerobic Digestion 194,421,410.61

P-oil production 21,551.19  ton/yr Biogas Cleaning 401,387,796.68

Hot gas from pyrolysis

7,294.25 ton/yr

Combined Heat and Power
Unit

1,526,097,187.14

Biogas Upgrading 452,977,890.98
Operating cost summary (THB/yr) Pyrolysis unit 319,372,448.28
Cassava waste 24,000,000.00 Wastewater treatment 605,175.89
Food waste 8,814,600.00 Air-separation unit 481,969,224.34
Mixed plastic waste 3,315,568.48 Total installed 4,620,394,705.98
Water 5,179,856.97 equipment cost
MDEA 81,168,960.11 The sum of fixed capital 8,231,503,104.70
Oxygen gas - investment minus the

Nitrogen gas

cost of land

Compressed air 141,170.30 The sum of working capital 1,371,147,644.23
Zinc losses 33,704,586.97 Total capital investment 9,602,650,748.93
Total raw material cost 156,324,742.84 Revenue 3,337,534,655.91 THB/yr
Steam 2,455,384.30 Gross profit with 794,355,395.24  THB/yr
Cooling water 460.96 depreciation

Refrigeration 1,493,949.27 Gross profit without 1,617,505,705.71  THB/yr
Total utility 3,921,825.23 | depreciation

Waste water treatment 11,123.51 Net profit 635,484,316.19 THB/yr
Ash 20,545,472.12 Net present value 2584.67 MTHB
Total waste treatment 20,556,595.63 Discounted value of land 208.90 MTHB
Total operating Labor 5,850,000.00 + working capital

The cost of manufacturing 2,543,179,260.67 Discounted payback period 11.06 years

The cost of manufacturing

without depreciation

1,720,028,950.20

Internal Rate of Return (After-Tax) 14%
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Production

Investment cost summary

Gas fuel production
CBG production

Overall electricity

production

Fertilizer production
Pure carbon dioxide gas

Concrete building materials

P-oil production

Hot gas from pyrolysis

9,271.48 ton/year

8,918.39 ton/year

970.38 MWh in

a month

139,649.52  ton/yr
102,275.18 ton/yr
18,048.56 ton/yr
21,551.19  ton/yr

7,294.25  ton/yr

Land cost

Area

Total land cost

26.34  Rai

5268288.66 THB

Installed equipment cost (THB)

Operating cost summary (THB/yr)

Cassava waste
Food waste
Mixed plastic waste

Water
MDEA
Oxygen gas

Nitrogen gas

24,000,000.00
8,814,600.00
3,315,568.48

5,179,856.97
81,168,960.11

Pretreatment

Anaerobic Digestion

Biogas Cleaning

Combined Heat and Power
Unit

Biogas Upgrading

Pyrolysis unit

Wastewater treatment
Air-separation unit

Total installed

equipment cost

The sum of fixed capital
investment minus the

cost of land

The sum of working capital

Total capital investment

1,243,563,572.07
194,421,410.61
401,387,796.68

1,526,097,187.14

452,977,890.98

319,372,448.28
605,175.89

481,969,224.34

4,092,507,596.81

8,231,503,104.70

1,371,147,644.23
9,602,650,748.93

Compressed air 141,170.30
Zinc losses 33,704,586.97
Total raw material cost 156,324,742.84
Steam 2,455,384.30
Cooling water 460.96
Refrigeration 1,493,949.27
Total utility 3,921,825.23
Waste water treatment 11,123.51

Ash

Total waste treatment

20,545,472.12

20,556,595.63

Revenue

Gross profit with
depreciation

Gross profit without

depreciation

Net profit

2,982,981,491.06 THB/yr
439,802,230.39  THB/yr

1,262,952,540.86  THB/yr

351,841,784.32  THB/yr

Total operating Labor

5,850,000.00

The cost of manufacturing

2,543,005,621.19

The cost of manufacturing

without depreciation

1,720,028,950.20

Net present value

Discounted value of land

+ working capital

Discounted payback period

46.63 MTHB

209.08 MTHB

19.28 years

Internal Rate of Return (After-Tax) 10%
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Production Investment cost summary

Gas fuel production 9,271.48 ton/year Land cost

CBG production 8,918.39 ton/year Area 26.34  Rai

Overall electricity 970.38 MWh in Total land cost 5268288.66 THB

production a month Installed equipment cost (THB)

Fertilizer production 139,649.52  ton/yr Pretreatment 1,243,563,572.07

Pure carbon dioxide gas 102,275.18 ton/yr Anaerobic Digestion 194,421,410.61

Concrete building materials 18,048.56  ton/yr Biogas Cleaning 234.516,841.61

P-oil production 21,551.19 ton/yr Combined Heat and Power 1,525,070,061.45
Unit

Hot gas from pyrolysis 7,294.25 ton/yr Biogas Upgrading 452,365,927.82
Pyrolysis unit 319,372,448.28

Operating cost summary (THB/yr) Wastewater treatment 605,175.89

Cassava waste 24,000,000.00 Air-separation unit 481,969,224.34

Food waste 8,814,600.00 Heat exchanger unit 358,343,402.64

Mixed plastic waste 3,315,568.48 Total installed 4,810,228,064.72

Water 5,179,856.97 | Squipment cost

MDEA 81,168,960.11 The sum of fixed capital 8,506,254,674.30

Oxygen gas - investment minus the

Nitrogen gas

cost of land

Compressed air 141,170.30 The sum of working capital 1,419,229,168.91
Zinc losses 33,704,586.97 Total capital investment 9,925,483,843.22
Total raw material cost 156,324,742.84 Revenue 3,177,125,269.46 THB/yr
Steam - Gross profit with 561,053,849.45 THB/yr
Cooling water 460.96 depreciation

Refrigeration 638,209.68 Gross profit without 1,411,679,316.88  THB/yr
Total utility 638,670.64 | depreciation

Waste water treatment 11,123.51 Net profit 448,843,079.56  THB/yr
Ash 20,545,472.12 Net present value 809.21 MTHB
Total waste treatment 20,556,595.63 Discounted value of land 216.23 MTHB
Total operating Labor 5,850,000.00 + working capital

The cost of manufacturing

2,616,071,420.01

The cost of manufacturing

without depreciation

1,765,445,952.58

Discounted payback period 15.78 years
Internal Rate of Return (After-Tax) 11%
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10. MIAATIENNIUATYFAEAT (Economic analysis)

nMslegimaasugeaniasdudnuisihsdmiuiasananumngaulunsdeing o
Tnomsiinesinszuatuifntuluusasdludisszosnalasimsfiauls lulassnstdnisiesievina
Mls9eia15a19NsEEEAuN (Discounted payback period, DPBP) yaf1Uagiugws (Net present
value, NPV) uagnanouwnuii lasua1nlasenis (Discounted cash flow rate of return, DCFROR)
ﬁ’qﬁﬁ}%mﬁmezﬁmmmwg@ﬁ"]am% (Economic analysis) Wagn15ias1gvinanils (Profit analysis) ay
91989NNANNTIILATIENNNUIE D Analysis, Synthesis, and Design of Chemical Processes,
Third Edition Ul 9 wazunl 10 mudey

10.1 NSANNAFINAIMTUNITAATIEINUATYANEASTIAINTTY

MeTzinaasegiansimnssylunenuatuildnssnaeisie Tagldfaa iy
e (nflation) wagdmuslinssuaiiudeeniitasianudle q way lssuaiunsadudusiiy
nszvauNIHARlERIuAauT 0 uazsuilulasins 20 U SasiAnan (Discount rate, i) 10% sy
A ousnA (Depreciation, d) Tuszeziial 59 Kaufduda 1 1ae3s 5 MACRS [46] Ansnsnnne
(Taxation rate, t) 20 % [48] wazaaA fia1ninagmsdunindansiuldidonunorgnisldeu
(Salvage value, Sa) whiusaiinudige a nansudulasens

Tnemsamsmunnszuaiuiiiatulutasszesnailasans 20 3 vesnsdiiugiuazuans
1u Appendix E.5

10.2 n1sWANTANNIIALTULATINISIBLATEgANEnSuasNanils

dMTUNITIATIATAATHFAENTHALNITIATIZUNAN LT VA DINITUNGN BTN ANDULIY
flssushevanedadvuszneunsindulavesinasu Taemsfiansanyariagiugns (Net Present
Value, NPV) Tuidamisasyuasidennsasyuiilsinaneuunugariagiugrisiduuinuazddngean
delildmsamuldusenounisgean wiotnamudeanslflassnsléutuamuiulussesnady
yaAeminsaurifunaitusastuumgudsulasfauuiguiagiideumalumuae
arsidenlasenisfifiszegAunu (Discounted Pay Back Period, DPBP) 61 uananni mintnasnu
#eenisnamlsneuunugs luidanisasmuaisidonlasinisilinanouunuilisuainlasanis
(Discounted Cash Flow Rate of Return, DCFROR) g4 Tagnan 1A nwInszualIud iind ulut 9
szoznaaniulasans 20 U vesusiaynsdl azuansdsgud (10.1) - (10.9)

67



1%
=

JUN 10.1 uansnseualuninvulugisssegnainniiulasens 20 U veensaliiugu

20000 T
15000
£ 10000 +
_Q -
c -
S 5000 +
£ -
E 0 T
o r
< a
8 -5000 T
10000 +
-15000 -
Year
- - - - Nondiscounted Cash Flow - - - = Cumulative Nondiscounted Cash Flow
Discounted Cash Flow Cumulative Discounted Cash Flow
dyUNa 59A91AU (Discounted Land) wagkunumuiisu (WC) 186.26 &uUM
sze¥AuNU (DPBP) 1040 U
yar1Uagduans (NPV) 2599.67 @IUUWI
NARBUWNUTLASTUAINTASINNS (DCFROR) 15%

JUT 10.2 wanenseuauiinduluyissseznaidnidulasanis 20 U vesnsaldnwii 1

20000

15000 ~

10000

5000 -

-5000 A

Cash flow (million baht)

TT T [ 1<PTT

-10000 A

-15000
Year

- === Nondiscounted Cash Flow - === Cumulative Nondiscounted Cash Flow

Discounted Cash Flow Cumulative Discounted Cash Flow
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GHG 59 ¥Ry (Discounted Land) wazRumuvsuieu (WO) 208.90  §uuMm

syevAunY (DPBP) 11.06 U
yar1tatugns (NPV) 2584.67 AUUWM
AR ULNUT LA SUINTASIANS (DCFROR) 14%

JUN 10.3 uananseuaunintulugisssegnaiiiiulasenis 20 U veansaldnwi 2

20000

15000 ~

10000 ~

5000 -

LSS Y O B N B B
\

Cash flow (million baht)

-5000

TT T [ I<PTT

-10000 A

-15000
Year

- === Nondiscounted Cash Flow - === Cumulative Nondiscounted Cash Flow

Discounted Cash Flow Cumulative Discounted Cash Flow

Q

djUna 579a191AU (Discounted Land) wagunumsuiisu (WC) 209.8  auum

=

JeezAUNU (DPBP) 19.28

b

yar1agtugns (NPV) 46.63 ATUUM

AR ULNUTLaSUINTASIANS (DCFROR) 10%



JUN 10.4 uananseuaunintulugisssugnaiiiiulasenis 20 U veansaldnwi 3

20000 T
15000 +
£ 10000 +
o) L
c -
S 5000 +
£ C
3 0
Re) r
< g
& -5000 T
10000
15000 -
Year
- === Nondiscounted Cash Flow - === Cumulative Nondiscounted Cash Flow
Discounted Cash Flow Cumulative Discounted Cash Flow
d3Una 39A91A (Discounted Land) waglumumsuiigu (WC) 21623 &M
szevAuNU (DPBP) 1578 U
yar1adugns (NPV) 809.21 /UYMW
NANBUWNUTLASTUAINTASINNS (DCFROR) 11%

mﬂgﬂLLammzLLaL‘Eu‘ﬁLﬁ@%ﬂ‘lﬂhﬁzammﬁwLﬁuimami 20 U nszuauuwuuliifindnsnAn
an (Nondiscounted Cash Flow) nsaanszuaiu lagldfiarsanyarmveamindgduniugiaal udlu
amiduais yarmindauiisleglutiagiuazranasmmszeziia InefausinszuatuuuuliAndng
AnandzaNNINTELARULUUANSHTIARanANToY Adwnaran sazauvInssuaiuan AI9sLiiugIn
gﬂﬁ 10.1 - 10.4 nseuaduarauLuuliAndmns1Anan (Discount rate, i = 0%) 3LUINNINNTLHARU
avamwuﬁmé’mwﬁmam (Discount rate, i = 10%) 21T UANTFELIIET eazdanadonIsAaITan
yardagiugns & muummi‘wmimwmammmamauma

uanand nsdsaunRgudndnanuand1stusiaasdmadan1ndendndulasuiu
NTEUIUNTUDINTEIA99 NM3ARHAReULNUT IFFuaInTAT3N"T (Discounted Cash Flow Rate of
Return, DCFROR) Tagdnannszuaiiuwuuldfnsnsananasdidudiunidsfiasgoioudiouds
LATYgAERSURINTAIAaY 18

INHANITANBINUITIUNITIATIATUATUFAERT N INFBIN13hAlATINISIASURUAUAY
Tussazinandu yaeiagtuanigeaauaznanouunuiildsuanlasnisgeanagyinlimsdonnsd
flugudsasudeyaaingudl 10.1 udegrslsfnumniansanludadedun wu mansuaussioniy
ABINITVBINATIN ANUNANNAIEVBINEAN I AUADINITUITEUULATEFAU VUMY BUYTU
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Usvendbiinsyuy Circular City n1sudadaeianniiuanudeinisasinviisanuidenenanis
amule 1Wu wandusinumdslunszuiunsaunseiailiguanvemdndueiuasuudasly 1l
annsovendnsaslildmeuauiiniansal asviilhAnenuidemedenisasmuld fadunis
dnduladenanmuinduiiozdedidedvdug fnsanimfunmsienyidaasugmanise

Tagynnfiansannsdinis@nunil 3 Saufinlasenslafutuamuavlusseznaiuniy yae
Hagtuansiniuasranouwnuildsuannlasmsinindefsusunsdiuguaznsdinsinwil
1 usiidlofiansaunfisnnuvanvangvessandus nsutne CO, dmsunsnanianneaiieiie
§n3du 0.15 193 CO, MIndnls novausInmfosNsvosHAnfusidmsuNsmundsieaing A
SrunpAuazmInvandomeuaussanufesIai sruuATsgRak ULy Isy uenaniide
1 Heat integration 2gviliusunanisldndanulunisiiunssuiunisanas luvaeildndn o
Winfy szthenouaussionmANAdadsuLasamudtulunsidulasanisinde

10.3 M5ATIERANBauUlnl (Sensibility Analysis)

mMslesiaugeulmuedasans asdudruviefiafuayunsdndula idonmadend
fAnwn iesanmsuszananislusunanenaazliignies vildnsiiasesiidaasugenansliiivmss
dosnanugoulmaesnisssniasiaigunsal 9183 uagsainistitaveds fufunis
Ainsgianuseulmvestasimafunsinunisiasuulaswesyantagiugnsfiazdamasonns
dadulamadeniudsuulasiniunioanas 5% 10% 15% uay 20% 21NN15AIANTIAL IwddHARe
msdndulamadeniasundadlunioli lagldmsiasanmsiinngiauseuln suazidunis
firsandndulaseusuaulliifismsiiornasfedulduaramugiuiiadedusg

nmsinunudt Tunsditugiu fguit 105 Werldsuieusenitininvasuulasmesa
Auvugunsal AuunsUiiUaveddeuwarsnesu wudn sesuazdanaseyar1dagiuansegnad
tfoddny neyarrilagtiuavsinauilonesuanas 11% Tneyartagtuavsinay mneds luidans
awuiiuliinisamu uagmadennisamuiiiflinaneuunuyadiiagtugvsiiduuanuasdaigega
Ganansinuauseulmuesnsdiiugiuarliualndidestunsdimsfinuil 1 figuil 106 Sl
#ifiunszuaunis Air separation unit 91nnsdifiugu

dwSunsdinisfinunil 2 fagudl 10.7 azwudileseiuanas FununsamugUnsaiifisiy
wiefununstiiavendoiiuduainiiu ardmalfyasidagiuandinay wansliiiuiinsd
MsAnudl 2 fawseulnudaasugmansgs osansavisufanfueulasenlediiuian
foade fufusandumsneufaaiveulneenlesdmiuiandeatswoutanivoulnoonled
nsalsselinsannny 0.15 dwsulasenisil

Tuvuginsdinsfinunil 3 Asguil 10.8 Mefuazdmaliyartegiuinauidesioiuanas
4% wiaudloRununisamugunsal Aunuanstitavendeiiniu 7% uay 9% vosnisannisel
pudy Wainanuseulmidominmasuulamesuidmadonisdadulaludaasvgmans
wiaimavhlasinismsgrinisiinrsiidaasegeaansisideyamariazgniinnsandauiuiade
B wu JEULLIAIAUIY nanaURUTleuInlasanig saudedladedug Wy nsnevaussenny
ABANTITVDINAIN AIUABINITUNITLUUATEFAUUMYUIBUUSUU S nAlAARSE UL Circular city
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o

JUN 10.5 uanspanugeulmveinsiinugi

Net Present value (MTHB)

1000

L1 N1

-10%

N

$% -20% -159

-5%

Y 1 1

0 5% 10% 15% 20%

1000

-2000

L L L S S L R B R R\ R R R RN RN R

2ANN

25

— Equipment

-JUUU
percent variable

Revenue ——Waste treatment

%

5UT 10.6 uansnwseulmusnsdinisinuiil 1 nsdlfinwinsifia Air Separation Unit sleannnsdl
flugu

8660

7000 1

6000 -

Net Present value (MTHB)

L1 N1

U

RN RN RN R RN Y AR RN LR RN RN R

-25% -20% -15 -10% -5%1000 < 5% 10% 15% 20% 25%
-2000 +
=3666
percent variable
——Equipment Revenue ——Waste treatment

JUN 10.7 wansanugeulnivesnsainisnyiil 2 nsaluiid Air Separation Unit #a31nnssitugiu
wazwUaNY CO, gas dMmsuNMINanTanneasaiedns1dIu 0.15 v CO, Minanla
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Ng§ Present value (MTHB)

5% -20%

15%

20%

-15% -10%

25

percent variable
— Waste treatment

— Equipment Revenue

JUN 10.8 wansaugeulnivenstin1sinyifl 3 nsgliiia Air Separation Unit #8310 Base case

WAzl Uew1e CO, dmsumandnianneasieednsaiu 0.15 ves CO, Mnanld Loy Heat

integration

Nef,Present value (MTHB)

Q
OUUU

7000
6000 A

5000

4000

N T Y Y Y T S R T T S T Y S (Y 1™~ ol o
T T T I U

%  -20%  -15%  -10% -5% 1000 5% 10%

-2000
-3000
-4000

Lana
—JUUU
percent variable

Equipment Revenue Waste treatment
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11. auUasnney a132puNslELazaaLIndau (Safety, Health and Environment considerations)

nsUszluanulasndie andeundsuazdwindeulunisnszuiunisndsauisauuseanidu 3 au 1. auedreunie Tnenisuseiliuaiy
JUMTIBVDIATAADATINTLUIUNIINERN HanTenudagun nazkuIn1slunistdesiu 2. sudsindey Insusulddenmunuazuinsgiuvesindey
waganAdeveslsemalnglunisrivaunsUdesveadelunssuiunisudnnaenauguuutlunisimidnveads 3. suanudasnie Inensuseidiy

ANNBUATIBVDITEA UM TLaT AR UL ST UIUNSHARTINAINTUSTRIUAIUELY Usianudunsiewaziuimnislun1sniuaunngs (Hazard

and Operability Studied, HAZOP)

111 ﬂ’liﬂ’i%LSQJUﬂ’JWSJE“]luﬁ’i']EJ?JEJ\?ﬁ']'ﬂuﬂ’igU’Juﬂ"l’iNaﬁLL@ZNﬁﬂ’iS‘VI‘UGiE]%j’Uﬂ’]W

11.1.1 dayamnundudunsieresanstunseuiunisngn

a o a v Y a .
M19319% 11.1 LLﬁ@ﬂﬂ’J’]ﬂJaumiqEJ“UENﬁ']ﬂ‘Uﬂ'i%U’JUﬂWiNﬁ@GﬂNL@ﬂﬂ?i%@ﬂ&ﬁﬂ?’]ﬂﬂﬁ@@ﬂEJ“U'PNﬂ’ﬁLﬂlI LLﬂ@ﬂu Appendlx G.

ARG A1SNABARNELAZNISIZLUA

JUATIYABHUNIN

JUNTILADRIINADY

Hydrogen Sulfide | - uiallvuazarunsaszidalamnlasuainusou

- sEAnglABdsasrUUNLAUglallogu

S duNesowsIn el dInlunile

AMUSOUY
- ANTHULMNAINUNZEY WU A1SUBUbReBN YA,
A156ATLIN, arDRIUIwaL N

nsudlelasuansniidngsnanieUsunn
1N

= 7 v o Ya v 4 1
- Wedudalnenseyi i mislngdegia
JULTIUALIINAEAIIN

(HzS) 7 LAZANTIIZANUAUES AulAEgna Udeugaauwandon
- ansfumdsiimngan 1wy afueulaoenled, | - nsdlduiaiseduanududugs enedl | - ufalalasioudaldid osvineg
GREGEIZR oS unuunien anudulading | usseanianeliiinazessveinia
NUAARDE AL UNAY Muzdunszgeylueinie
Ammonia - amnsngninlwlfieswazannsnvenedildedn | - iansdnnsznnvesndiuiewazszuy | - ilufiwdessuuimdnideinsudeng
(NHs) P nadudleinnsiilvatazinssdeliilloldsu | mels vildsanvineendiauedis | Auwndes

- limasUdesgussennia Feansinad
anunsanniduladinansiwkazansne
NTRUTIND NN UNTE
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AREIGEY

N1SNNDAANTLAZNIIELUN

JUATYABHUNIN

JUNTIUADAILINADN

Carbon dioxide

- iinssidnlaudlodudanuliuazaniizanudug

- A9 Ad N A NA NG AT N TN

-l unafiwniauwsliasUaeed

(CO,) B - @sAumAsingay Wy adueulaeenles, | o1avhlmiiauwma M euInliUINAIY | USIENNASILILLNNG 981 AdHansENU
T3, @15AULNAISEARNS Buidloduda FONNITLTOUNTZAN
- iine1n1svineIniaviglanavgaide
mmmmszﬂ,umsmﬁ'aulmmﬂqmmJ
asaifieuttugs
Methane - uRahlwAelAnusemelnlding anunsaazen | - inonmssounds Uindsveuasuunad | - nisavauvesansiailuduusseanie
(CHg) P iéfamﬂmmﬂ%fauLLagﬁmms‘?}juqq Lﬁaqmua’ﬁmﬁﬁwgiwma AplMAnNITISoUNTEAN
- asAumAsngay Wy Adueulaoanlys
ansupiiue, azestinuazlyly
Methyl - AnmsAnlyililoagluanuiingumgiigs - syaeidowioszuumaiumela fnds | - Wufivdessuuiminidesnsudesd
diethanolamine | wanidssn1sdudatiuaunnlnenss LAYAIIN Aauandou
(MDEA) ©2! _ @nseumAsiimanzan Wy naadiuiis, Ty - nsndunsesuusemudluneliiia

L3 6 6
waaNeaea, ANSUBULABBN UM

NITEAELADIRDIZUUNIUAUDINT
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11.1.2 MyBnsginansenuseauanazkuinislunisdeaiu
nMFiaszianududuneseguamvesasaliildwazndniunilalunssuiunisnds
saudsumdtunmstaaiuansoasulanwisni 11.2

a aa & v a v
A15199 11.2 Lananinsinvesasiadiniiusunsiglunssuiunsuaniazuuiniesnistesiu

Stream No. | wilnansiediiidudunsis | en1uudans 6mol) wwImansesiy
13 COy 0.2
HS 0.08
28 COy 11.26
34 MDEA 4.79 dostulallvansiafiinnsiila
40 Co, 0.016 Tnefinvurussgiivnindaiiods
55 Co, 99 50 iavserluldanurawaziule
CHa 0.08 NNUNEIANTIY TN1TT8UNE
56 CO, 0.26 aIneLileanaLazaIgUnsal
70 o, 12,69 Uesriudiuynnaliisaglndwie
CHa 8295 dulaivansiadl
82 COy 99.51
98 CO, 13.18
CHq 86.20

11.2 MM3USLIUNIATFIUAMNINTIWING DN

11.2.1 fonuAKAZLIATIIUNIIAIUANNITTEU B LA 1N AdeveIUTEINAlNY

31NN13AIUANNIATTINYeYaudslunseuIunsHARTnsUTUlYYaivuan1sAIUAL
WINTFIUVIU LT oA 01N IAE S VoIUTHNALNEAINNTENTIEAAIMNTTU NTENTNINGIAERS
walulad uagdwinaeu lagldinaeid msulsanugaaimnssumivuaglssnunde de vsedimuing

wasulniasuansly Appendix. F.

11.2.2 MTAATIERNMIAIVANINATTIUERIWIAGBNLAL JULUUNMTIANTTYedslun sz UIuN TWER

a & o L4 6 ! v
NNTEUIUNSHAALTaTInmuazn1silUldUsslevdaunsoasunisudesuasmsinnis
YoAUFAINLT1ULARINITIN 11.5
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(%

A1519% 11.3 N15UaEuarnIsInNISTeLdslaunINTINYeINTEUIUNSHAR lUNStNugIY

(Base-case)

Stream 3189013 USunaweade e EULLUUﬂWﬁﬂmi
No. NG
13 FW solid waste 14837.21 ke/hr ﬂ”lﬁﬂl,ﬁamﬁmﬂa (Fertilizer)
Temperature 50.37 °C
CO; 423 | mg/l
H,S 111 mg/l
TKN 044 | mg/l
TDS 1186.33 mg/|
28 CW Solid waste 4558.56 ke/hr ﬁﬁﬁmﬁlamﬁmﬂﬂ (Fertilizer)
Temperature 36.31 °C
CO; 1638.13 | mg/l
H,S 0.14 mg/(
TKN 183 | my/l
TDS 3160.08 | meg/l
15 FW Discharged water 16500.77 ke/hr Isﬁuﬁuﬁmsmwmmawmu
Temperature 50.37 °C
CO, 0| mg/L
H,S 0 mg/(
TKN 0 meg/l
TDS 0| mg/L
30 CW Discharged water 20656.17 ke/hr Iﬁwﬁuﬁmimwm%wmu
Temperature 36.31 °C
CO; 0 me/l
H,S 0 mg/(
TKN 0| mg/L
TDS 0] meg/l
40 Liquid waste 44.42 ke/hr st dmifiadud 3
Temperature 0 °C
CO, 388.60 | mg/l
H,S 0.00 | mg/l
TKN 0.00 | mg/l
TDS 607.14 | mg/l
56 Acid liquid waste 24.11 ke/hr st dmifiedud 3
Temperature 10 °C
CO, 6211.09 | mg/l
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Stream 318013 Usunaweade Wi JULUUNISIANTS
No. NG
H,S 31.80 | me/l
TKN 6.36E-07 me/|
TDS 6259.12 mg/(
55 Compressed CO, (1) 8368.42 kg/hr dwnsuiaasueulneenlys
U3avsdmiulflugnavnssu
CO, 995024.89 | ppm
H2s 67.97 | ppm
SO, 0.00 | ppm
CcoO 0.00 | ppm
NO, 0.00 | ppm
82 Compressed CO, (2) 8343.21 ke/hr dwwreuianisveulaosnles
Uiavsdwiuldlunegmamnsy
o, 995095.40 | ppm
H.S 20.09 | ppm
S0, 10.00 | ppm
Cco 0.00 | ppm
NO, 0.00 | ppm

1NA1599 11.3 N153ANTSTV0NLELT IAINNTTUIUNNTYD8AREVL LY AR DELAZNINIINLTINY

wtsfudUgnds Inendeainvitnisuenvesuduazaeauvaleananniulaglyd Rotary screen 11ves
Feluguvesudsiilandnieoiiionsinuns (stream 13 ua 28) wazveamailiursdrnnunduidngds
nifnuardufivdeUdesfugiiuiinnanainums (Stream 15 uay 30) eilguninaasiidedangin
Julunmadsznansznaisgaamnssy 139 %@ﬁmumQmé’ﬂwmwmﬁwﬁaﬁizmsaaﬂfMﬂIiNm
WAl 2560 warndninesl 33015 wardeulunisiansadureuliinisiiihfiwedsanululd
Usslomiluituiiinunsnssudunsdansiluraatouddud wa. 2563 59

mﬁmmiﬁﬁﬁqﬁiﬁmﬂﬂismumi@m?jué’wmiaza’18Laﬁu (MDEA absorption process) Lag
nsEUALNIANSUAIEY (Water scrubbing) (Stream 40 wag 56) Tnevinsdamdauniinunis
STt 3 ] Lﬁ@lﬁﬂmé’ﬂwmmaqﬁwﬁqa@ummsﬁmmgmmmﬂﬁzmﬂﬂizmmqmammm

TudIur0IN15IAN1T9INIAEAIAINATZUIUNITHESN NUIINITUADYDINIALENNIINATEUIUNIT
NSEUIUMSANTURIEY (Water scrubbing) wagszuumsaanluiuazainudausau (Combined
heat and power unit) (Stream 55 waz 82) lnefosduszneundnieutansueulneanlesiini
USais 99.5% Feanunsadedmiulilunmagaamnssunienisulssuuiaaiveulasenlediile
Uszenaldiludanneass (Building Material)
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11.4 n15UsEIUANNUABANELAZEN12L TUNSZUIUNISHAR

11.4.1 MyANeRan N ltlunITUIUNSHAALAZLLINIINITUA LY
M19197 11.4 uansgamiilazaudugegauasianitdlunssuiunisnge

31803 A/3EAU seduaudes wiAa e
AUAY (psi) 3640.62 Xl Stream 98
14.7 oy -
(stream ¥17l)
gaungil (°C) 3000 1N Stream 76
0 oy Stream 80, 81

e [ ]
1. Audy seduaudes teendn 15 psi = Uas, 15-120 psi = U1unans
WAZNINNIT 120 psi = 1N
2. goumngd SesuAMLLEES Teenin 50 °C = tiew, 50 °C — 100 °C = Uunans
WazUINNdT 100 °C = 17N
Nnmseesianneflilunszuiunsnasiionmgiivasanusugsanuazenan mnanuiugs
Aulvannsaudlaldgenslivefifienumuniionudeamusuiiiuiu uarlunsdiigumafauiuly
Foadenianiianansavusiorudeuldfitu nslws Wusdy
AneTrgazidenluninaeniagvelivaisauivaniizuanluiive Material Selection

11.4.2 MmyUszifiuanudeslunszuiunsudnuasuiniglunsaununsuEs

Hazard and Operability Studied (HAZOP) Wumaiianisfnun 3ws1ev wagnuniuiie
Psdunreuazdumigmilenaiintuannisiiiunulsny laenuwanuasdunmennsy ffua
fLouursey fsoraintuannszuiumandn Bn1sufiou wdesdnsuie gunsnudilalunswdn
Tunslnzildnsaemauiiauufiaaiunisaivesnisuanlunzsng q lnen1sld HAZOP Guide
Words srauanslunsned 4 sszneuduiiadonsndnildesnuuuly vemnuunwisauazaiu
AAUNAtuN3YI9 1 Sasinsiva aamgll anuiy 1Wudy detindusSunseviedumym
Tunseununsnandsorahlmang iRmeniegifseseusduld Tnemsles ey HAZOP iulunia
sudovvoansulssnugramnssy (Usznanssnssegnamnssuatiufl 3 we. 2542) uazszidounsy
Tssnugaannngsy IdevdnnasinsiUadunse mstssiuanudsuasnsdarunusnuyins
dnsemidos we. 2543 ©
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A1519% 11.5 LanaT18aeldenvas HAZOP Guide Words anaUsenAnsensegnavingsy atui 3

W.A. 2543
Guide Words ANUNNTDINTOAIURAUNATIUNIYI197U (Operating Deviation)
] - laifinnslva (No Flow)
(None) - lnadaunau (Reverse Flow)
- LiifinUjAsen (No Reaction)
11NN - 9nsINshuaLAiNIY (Increased Flow)
(More) - AUAULANTY (Increased Pressure)
- gL (Increased Temperature)
- é’mwmstﬁﬂﬂﬁﬁ%mlﬂﬁu (Increased Reaction Rate)
Tpunin - 9nsnshuaanas (Reduced Flow)
(Less) - ANuAUanad (Reduced Pressure)

- gaungilanas (Reduced Temperature)
- 9n51N5NAUGA3818084 (Reduced Reaction Rate)

Uadpdu 9 MAetes

(Part of, as well as other)

- MawAsuwlasdndiunauvesingiu (Change of Ratio of
Material Present)

- mnﬂ?iauuﬂaﬁmqau (Different Material Present)

- anmelsanuiiuandnaainnsufiResnand (Different Plant
Conditions from Normal Operation)

- eiuesesdns (Start up)

- MsvEAA3esdns (Shut down)

- NM3Uasansall AU a9 (Relief)

- msldia3asile (Instrumentation)

- M5LAUAIBENS (Sampling)

- naunnsasvesszuuth svuuli Wud (Utility Failure)

- N13AANTaU (Corrosion)

- M39auU13e (Maintenance)

- MINAY (Erosion)

- lyfinating (Grounding / Static)
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NANISANEIAIILHLAZNUNIUNTTAT LU U TUTS I U BN15TUIDUATI8azA1ISUSELIUAY
V8902835 HAZOP

Food waste B-101 FT-102

! XX ,

X-115

Regenerant

Make up water

S
a E

From X-504

AR-104

SUA 1.1 P&ID 499 AR-104 ¥&INNFIATIZA HAZOP
Wud : Area 100 (Anaerobic Fermentation) Lﬂ%aﬁni/ﬁﬂ’wﬂﬁﬁamswﬁm © AR-104

UJadensudn : g, A1 pH, Retention time

aoumsaisiaesfions SupEvSoranART AN nsnstounuley
nolviinauRdu31euse AIUANBUATIY
gamgiineludsufnsalinnin | - anmvesufataninlaile finsla Temperature transmitter U303
oumgiiidmua ATRBINNg Ufnsaliflensaainuazmunugumgiii 55 °C
- anmzlduuzausensvien | Tnenisususasinisinavedeni
YouTogauv3e
Arradunsneg (pH) angluds | - aanmweniadaninlaile fingta pH transmitter V3naufaUfnsaiiiio
Ufnsalideuulanfutnifvun | aaiidesns a3 iauarmunuainulunsanisliod
- danmgliuzandenisvinay | Tugas 6.6-7.4 Tnenisdsusasinisivaves
vouTaqAunIs Regenerant
srognainiivreadednil HRT | aunmuazUTinavosfa fnde manual valve funoenvesfafnsal
(Hydraulic retention time) Fanmldldmudigonis Wielanunsasnuuaszeznadniuready

AUTGDINS (HRT 12 $7la)
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MDEA

>

X-222

From X-220

b x-237 % T-204 @ @

T-204 to X-228

o -
=~ & 0
|

P-202

E-203 e @ @
| e

v 1
X224 GG %G
C-201 X-225

@P(

@
Y
®

E-210

oA —®

Ips

2

kot

® X
" X-236

E‘Uﬁ 11.2 P&ID v83 T-204, T-208 Mé’w’mmﬁmswﬁ HAZOP

WUt - Area 200 (Acid gas removal unit) Lﬂ%‘aﬁﬁ'ﬂ’i/%‘ii’wﬂﬁﬂ'aﬂ'ﬁwﬁm - T-204, T-208

U9uN1SHER :  ANUAY, AUTNTY, BRTINTT A

GRYITORPVERLENTRRE
elingURdes1eus

DUNTIYNSDNATLNATUAIUUN

wnsmsUeuiuuay
AIUALOUATIE

Anusugluvegs
QPR

Annsavauauduiniiululuegn
FuuayTan lWaunsanusonsazauves
AuAulAauAnN1gIEdn

- finda Pressure transmitter US1a480AY0
WierurunmiulaensUiusnsnsivaves
wAEY199n

_finga safety valve sxuneausiudiy
sanUsnsaavelfietestunisszidaainnis
YYNYFIVDIULNE

seauTaLaINglureun
Wulurseauaanun?
USHIYDAND

919 ANNTUSTYUIVBUNAIVT UL DA
Py lAAnN1sS I avesasLall

fnda Level transmitter U3a1U199nY0
Guaqmmmsﬂ,waLﬁamni’mazmuamzﬁu
Ypurallagn1sUsUsnIINISIMaT188nv8d
YoUNAINVETULAL BN N
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#01uN13091884918719
nolinaUAdu1ens

DUATIYNSDNATILNATUNIUUN

wnsmsUeuiuuag
AIUANIUNTY

3M51N5 LAV ILAATINN
ANINANIUANI LU LA

6V = o U U =
wAadinnmaansusuugnanmgaed
Fnaruvasniansuaulaeanlanuway

- finAa Flow transmitter USLIY NGB
Finmnewdmegadulaginnisnsiaiauay

Iamegady lalasudaliiasuagliamnsodldld | vhnsmivaudnsinsivavesuiadinin
Nupslaiiaandnsnsiuaveadadld | - AnRe Concentration transmitter USLI04
WieaLsiednIINTsirares MDEA 28NYBILAANA 19NNV ATUIALAIUAY

dadluvesunanrsusulaneanlys uay
lolasaudalnvasuwiadininvioanannnig
USusmsnistuaves MDEA
A5 hadaunauved WINAISENATOUNTDNNTVINURAUNGURY | ARRa Check valve Av1eanvastuiiaUaeny
vaauraing Uy aunsal nsivadeunduvesveamnaiingly
><245 @ 214
Scrub water 0
J @ _________ Compressed
] X-239 + 7] : @ Cco2
. X-238 @ Q @ @ V-213 Q
P-211 HAO ° @ Aci\zaLSis:ioL
@ 0 <
T-212 @
Cr———
©) I Y
|
)
E-216
XX'ZSS X-246 X: @
9 @ T-217 61
@ X—247 _‘
< Ips | X-251
a J @ ;‘ @ Q X-252
P-215 ‘l 2 62

X-254to X-503

E-219
¢ 66
if

Ul 11.3 PRID w83 T-212, T-217 &s91nm5AT123 HAZOP

Uil : Area 200 (Acid gas removal unit) Lﬂ%‘laﬁﬂi/ﬁnﬁ’m‘ﬂﬁﬁamswam :T-212, T-217

Ua8n1SkAR : AUAY, ANUTNTY, IRSINTS LA
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401UN130191889918719
nolinaUAdu1ens

DUNTIYNIDNATILNATUAILLN

wnsmsUeuiuuag
AIUANIUNTY

AnuRugluvegs
N

Annsavauauduiniululunegn
Fuuay Tan lWaunsanuson1sazauves
Auiuldauinnissedn

[
a o

- §INAY Pressure transmitter USIIMUEDAND
ilemuauanufulasnsuiusnnsinaves
wAaY198n

_ fiasa safety valve 5¥UN8AUAUEIUAU
senuUsnaeenneiiietestunssaidnainnis
YYIUAIVDIUNE

seauvaaalIngluraun
vulunsaauaonuni
USLIUYDAND

91AANITUTEYVIVBANAIUIT I BN
Py AANNISS2 I avesasLAll

AnFg Level transmitter USLIMU19BNYDY
fummaamaiu‘waLﬁammi’mazmuamzﬁu
YUraAsNISUSUIRNIINISIMavIeanues

- X
VBIUNAIINNOTLLAT NOH U AN I

9M51n15 a9 e

ANTUFININMMUAYS O b
= g 4 =
funlvadmenndy

ANUUIgVsYeLiansuaulaeenlys
Lildmunisosnis

fnfs Concentration transmitter AUN08NY0S
ufansusulasenlesvieenannvogaduiie
muANANLUIaVSInemsUUShTinsiaves
hwesdiveaviegady

Askvadaunauvad
Yauraing Uy

LANISENNIDUNTBNISVINURAUNAUD S
aunsnl

#Anda Check valve Nueenvesluiitedasiu
nsivadeunduvesveamnailingly
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12.n15Au2un15UanUaguAdLIaUN5EaNn (Greenhouse Gas Emission Calculation)

Hoymmasnudanndesilutiagdy -

gty omuafiviuenmavesusemdlnefunliufandugsduliinsduenosuazeasseiy
PM 2.5 waw msudesufafiunaquiuussernmaudanelmiaailymanslaniou (Global Warming)
AaLduLAaLsounsEan (Greenhouse Gas) LagdlunaannilananuIang unIvuzhazlssay
gnannss @il nsvuiunsfiesnuuvazegluniediulssnugeainnssy Ssfesinilsiadosily
fupouniseonuuunszuIums way Ansandanisludemnisudesuiariseanainnazuiuns

Yaynswdandsanuannniswluinuiu -
ﬂﬁﬁﬁmuﬁumisﬁ’fﬂiziaszjﬁmﬂmg%qﬂﬁﬂﬂiﬁﬂulﬂyaL‘wﬁqLﬁ'amimﬁmmzLLﬁiV\Iﬁ’]LLagiu
gnanunsueg 4 dufiwdlegrvinliiAanamlndazddesufasing 4 Adunafivnsernia feitey
lusUvesareessd (Particulate Matters) wazagluguvatoanlenvauiania 4 unuewy Jaumes
oonlad (SO,) lulasiausenles (NO,) Wusu SuiduawmglhiAsungnsaifidsnalnensesenywd
warusseInIeveslan wWu nsiiadunse waz nsiausngnisaluiaseunsean Wudu

o A = o A 13 =~ v v oA =
uwiasounszan fie wiailuesdusznauvesussenialaniianunsavievulanliiaiiousaunsean
whawmaridanudnduienissnwaumgivedanliad Ferauvsdudeunszanausssuwfuas
WA auUNIEaNIINNAEIULIIUERAIMNTSN WU uiaasusulaeeanled (CO,) uiialivu (CH,) uiid
lunareanlas (N,O) Bond (CFCs) lalasviglsasusuaisueu (HFCs) imasviglsasueau (PFCs)
wae Fanesianymgeaslsn (SFe) uiaseunszanlausssuiAuaztiesnwgumugiindevedanly
aglusziufiaei agnslstiony AanssuiidndunisiaeuyvddmalifinisUanuaseufasounssangdu

d‘ a -] Y a b4 . v a o %
ussenananiull ilviianglanieu (Global Warming) Suflamgmanunanmsiuilvsives
Weoindslaada

duNAgIU
1. msuntudanglulssnuduniswnlndauysal
2. nMsfnunsUanUdegiiasaunszan fnsauia CO, CHq wag N,O

BRI
gos®
n1sauInUIIuAgeanveInsUaseniaiiaunsraniusvudanisveulneanlediisuiin

(Maximum Uncontrolled Carbon Dioxide Equivalent)
Max uncontrolled COy, (tons/yr) = [1 x uncontrolled CO, (tons/yr)] + [25 x uncontrolled CHg

(tons/yn] + [298 x uncontrolled N,O (tons/yr)] + [22800 x uncontrolled SFg (tons/yr)] +
[GWPPFC, x uncontrolled PFC, (tons/yr)] + [GWPPFC, x uncontrolled HFC, (tons/yr)]
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9101519 12.1 wansliiiudnsdiugu (Base case) aunsandandsnusanunlauiuiu

591 738,826.07 mmBTU #oV iJunasiuveandanuluiwasndsnuaindomas Inelumisis 13.2

wansliiuUsnaaeunsyanlussuududsenaume CO, CHq waz N,O fignuaesdussennia i

ﬂ%mmagujﬁ 0 Short tons fad

= a o av v a o ¢ o =
AT 12.1 ‘Uilﬂﬂﬁ/‘laﬂﬂ']‘LW]I@‘U']ﬂNa@’]ﬂm%sﬂaﬂii\‘i\‘nuuﬂaﬁnﬂqwsﬂaﬂ Base case

Energy production
Product Production Default high heat value
(mmBTU/yr)
Electricity 3,168.27 kw - 77,776.29
CBG 1,243.29  ke/hr 0.0369 mmBTU/kg 330,150.52
Fuel gas 1,287.71 ke/hr 0.0357 mmBTU/kg 330,899.26
Hot gas 1,013.09  ke/hr 0.0357 mmBTU/kg 260,331.80
P-oil 299322  ke/hr 0.15 mmBTU/gallon 879,488.48
Total 1,878,646.35

a a ! & A a a o ¢ &
M1INN 12.2 ‘Uilﬂmﬂqiﬂaﬂﬂa@‘ﬂLLﬂaLi@Uﬂigﬁ]ﬂ"iﬂﬂfﬂimﬁ(ﬂNafﬂﬂmsﬂsﬂaﬂiiﬂﬂquuﬂa%"]ﬂqwsﬂ@ﬂ

Base case
max uncontrolled mass | max uncontrolled CO,
Greenhouse | 100-year | Mass emission rate

emission rate equivalent
Gas GWP (kg/yr)

(Short ton/yr) (Short ton/yr)
CO, 1 0 0 0
CHa 25 0 0 0
N2O 298 0 0 0

Total 0

AN5719% 12.3 9ASINISNARNAIIUABUSUIUNISITa1UAL way 9RnsIN15UaRUaREANLSaUNSLANAD

USunaumdsnunnanvesnsaliiugu

aUAU

Default high heat value
(mmBTU/short tons)

Default emission factor

COz

(kg CO/mmBTU)

CHq
(kg CHao/mmBTU)

N20

(kg N2O/mmBTU)

Anthracite coal 25.09 103.69 0.011 0.0016
Bituminous coal 24.93 93.28 0.011 0.0016
Lignite 14.21 97.72 0.011 0.0016
Sub-Bituminous coal 17.25 97.17 0.011 0.0016
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A15197 12.4 USunaun1suanuasswiasaunssanannnsknluduesaiuiu way YSuiunisioaiuiu
WaRpensnaInuviuAiunIalnugIu

DA CO, CHq N2O Coal mass flow
T (kg CO/yr) (kg CHa/yr) (kg N2O/yr) (Short ton/yr)
Anthracite coal 194,796,840.08 20,665.11 3,005.83 74,876.30
Bituminous coal 175,240,131.57 20,665.11 3,005.83 75,356.85
Lignite 183,581,321.36 20,665.11 3,005.83 132,205.94
Sub-Bituminous coal 182,548,065.87 20,665.11 3,005.83 108,907.03

- a i | o i a A v ) a
M15799 12.5 Usunanisuandassuiialsaunszanainnsw brdvesauiu Wefean1sndsnud
wihiuiunsalitugu

Max uncontrolled mass Sum max
Max uncontrolled
. oA emission rate uncontrolled
2IUNRU CO; equivalent .
(Short ton COx/yr) CO; equivalent
(Short ton COy/yr)
CO; CHq N2O (Short ton CO/yr)
Anthracite 214,726.50 | 22.78 331 | 214,726.50 | 569.48 | 987.38 216,283.37
Bituminous 193,168.95 | 22.78 331 | 193,168.95 | 569.48 | 987.38 194,725.81
Lignite 202,363.53 | 22.78 331 | 202,363.53 | 569.48 | 987.38 203,920.39
Sub-Bituminous | 201,224.56 | 22.78 331 | 201,224.56 | 569.48 | 987.38 202,781.42

ayUSguiisun1suanUaaeuiaisaunszana NS LU

Tupns19 12.4 \JuniswanuasUSunasufiuusenausig Anthracite Bituminous Lignite
wae Sub-Bituminous ﬁé’faﬂi’ﬂ,ﬁaﬁaﬂmiwé’ammﬁauwhﬁunaaﬁﬁugmﬁmmmw%miﬁﬁ 738,826.07
mmBTU se ¥ dulumisns 12.5 WuuSinunisvasewia CO, L‘ﬁEJUwhfgjmisWmmﬁaﬁm%mmmu
Aunsazadalun1sng 12.4 gl Ingagsoaly
Anthracite
74,876.30 Short ton sio U wagUaseuia CO, Lieuwin 194,796,840.08 Short ton sio U
Bituminous
75,356.85 Short ton #s U uagUassufia CO, Wiwuwin 175,240,131.57 Short ton #io U
Lignite
132,205.94 Short ton ¢ia U wazlasuia CO, Luuwin 183,581,321.36 Short ton sio U
Sub-Bituminous
108,907.03 Short ton ¢io U wazlassuiia CO, Luuwin 182,548,065.87 Short ton sio U

ASNAANALIULALN1ISUAAUADELAALTaUNSZANVBILS I UBA AT NN TURAaZNSURN Y

1NNFATILRNTANUFIW WU USunaiaiseunseantunssuiunisiusenauniguia
CO, CHq 4w N0 gnUaeseanannnszuIunisinasiuiniu 0 Short tons sie U Wunaiiiadunain
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mﬁaaﬂLLUUELﬁﬂszmumimmiaﬁwLLﬁ"amﬂﬂizmumiméﬂiﬁugamLﬂ?{auLﬂumémﬁm%ﬂlﬁfmzag
Tussdusznavvasuiandndasiosaufad oumdsuasufad sundseususingeusuliiiaunim
wnzaunoudadmtgegauia 99.5 % €O, Falagialulssnugnamnssuazdesiinisan
Usinawssufadounszanasieuiinsdesufiafisvondoeenuonnszuiunisudn tagtiu fHsnisan
nsudeBuia CO, inannuans® anmstesgimnadennuinafiugaalifuuiamanididuis
thdneghmiansznsthdaluyamadeniifunuuszneveging msawmuimuinszuIunsHan
WasuuAa Co, 1Wundndusiduumuiiozidunmsihelddnelueglugunsudndaduuuimed
aula?® insgagiumadoniianmsoaieauifundiuinssuiunisedisnsansnadiessld
Mnufansidaduindenia nsdasimiondnsusilugUarsteiuiannoasadunisiidaidb
msrzidunsdaiunia co, wuuamsseuuunduseninlisnn® uasdaududsilndfmiuyuddes
THoganisiesnandsmsanuuuifa Circular City ﬂammiamawlmnmﬂLumamwawuawawav
Frannsnasdulifudioslusuvasiannoataduienisadassuudl Creular Sausunauagan
JapaandeusgredsBudlowSoufisurumsthufa co, lldnamduasiaiiing 9 fufa o, gn
Faftuuuutansawindy

Tums19t 12.6 1uuanafavduuiudaznsd@nvindaleved auisiuiuufa co,
Jeuwihfivdesgussenidlasuenduusiazsiind iy nanfe Usinunisudes CO, Weuhian
wondunsaifldauiuiewiatiug snfredns lunsddnw 1 (Scenario 1) awsoraandsenuls
1,839.344.76 mmBTU siad 15ad0n15naseusiuiu 1,839,344.76 mmBTU se U azdosunlusl

Anthracite coal waaUapewna CO, Wiguwin 211,758.69 short ton fa 1
Bituminous coal uadUaesuia CO, Wiguwin 190,652.12 short ton #a U
Lignite wadUapeuiad CO, Winuin 199,654.34 short ton #e U
Sub-Bituminous coal uduaesuia CO, Wiguvn 198,539.20 short ton #e U

wuin nsdAnunfl 12 wae 3 AarldfinsudesufalounszansenainnszuiunsHaniuiy us
Uinamdsnuiiansaindeldretmaciomnusaznsdifinuiinnsdansuazesnuuunsyuiunis
funnsnafueenly egnslsfny ynsddnwraziinnsudesufaseunszaniinnitnszuiunis wan
wdaewluguuuudy q definanddusy 12.7 Fauansliiiuisuinauia Cosuwiiudas
nszvIuMsNasnasnulavdeseanuagulaiinssuiunsnaalunnnsal@nwianuisaanysuninuns
Udesufa CO, Hdaifisutunssuiunmauuusuiuesnsunlndidufiuniedemameada dly
5U 12.8 - 12.9 uandlififiuinidlelailfinslduselovdannuia Co, lunsagnsdifnuasiiusunanis
Udesufia CO, dondsrudildagnslste Ingvesnsdiiugiuidnsidusgd 0.071 short ton sle
mmBTU Weissuifisuivvesiiuiiundmuinnsudesuiia CO, dondsauilldvesnuiiuusiay
yilafAnnnninszuvunsnasndanuainufatanm dugu 12.9 Auiodtu Jauandiiiures
nsdifine 1-3 Te1egd 0.072 short ton sie mmBTU WewSeuiisufusnsdmvesaufiuusazAd
Annninduieriunsdiiugu lsaguldhnsdendsnuannufadinmiinsdesuia Co, e
nnsrvumsdandanuannidemimeadadsaonadestugnsmansusisnaiidesnsanyiaia
nsUagewng CO, w%fa:uqﬁuﬁl,mdqwé’wmmmLmul,%améqwga%a
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M5 12.6 nasuiadalalunsiaznsdifnwiazyTinanisdesuiaseunseanluguuia
Asusulaeenlymiiiguii

Base case Scenario 1 Scenario 2 Scenario 3
Energy (mmBTU/yr) 1,878,646.35 1,839,344.76 1,839,344.76 1,840,117.24
CO; equivalent from coal combustion (short ton/yr)
Anthracite coal 216,283.37 211,758.69 211,758.69 211,847.62
Bituminous coal 194,725.81 190,652.12 190,652.12 190,732.19
Lignite 203,920.39 199,654.34 199,654.34 199,738.19
Sub-Bituminous coal 202,781.42 198,539.20 198,539.20 198,622.58

sUuansdnTMsUdasuiia CO, gusseniAvadlssnundnnasuatossnind a.d. 1990 - 2018 Wisuiisufiunsdifinenlu
ASFUILMT

16.00
14.00
g 12.00
()
g 10.00
s 8.00
E 6.00
o
S 4.00
2.00
0.00 A A 4 W
. Coal-fired Other Other Basecase = Scenario Scenario Scenario
power coal use fossil 1 2 3
generatio fuels
n
1990 - 2018 7.53 3.70 15.09 0 0 0 0

U 12.7 suuansdnsnisudesuiia CO; dussennavadlssnundamdsnunieseningd a.a. 1990 - 2018 wWisuiilguiunsaldnwily

[34]
NILUIUNTT
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sUudAndRIINSUdBEufs CO, duisenmanandsuiindalavasnsdinsdifine 1 - 3 nsdifilifinszuaunis

IANS
0.120
'c
2
£ 0.100
o
&
< 0.080
'_
£
0.060
£
&
£ 0.040
c
wi
~
8 0.020
O
)
0.000
Anthracite coal Bituminous coal Lignite Sub-Bituminous Biogas Plant
coal
M Basecase 0.115 0.104 0.109 0.108 0.071

¥

U 12.8 JUuanadnsIn1sUaseuiia CO; gussenniasondsnuiindnlivesnsdnsdiiugiunsdifilifinszuiunsdanis

sUusnsnsNsUsesuiia CO, gusssniadendsuiindalivasnsdinsdifine 1 - 3 nsdifilsifinssurums

Ian13

0.120
c
8 0.100
=
o
<
< 0.080
)
}_
£
£ 0.060
>
>
[9] 0.040
c
i
~
&
S 0020
)

0.000

Anthracite coal Bituminous coal Lignite Sub-Bituminous Biogas Plant
coal
M Scenario 1 - 3 0.115 0.104 0.109 0.108 0.072

U 12,9 sUuanadnsinsudesuiia CO, gusseimanendsnuindaldvosnsainsddnu 1 - 3 nsdiihilinszuiunsdnns
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14.Conclusions and Recommendations
14.1 UNILASITANTUANEN

INNTITEDNUUUNTEUIUNNTNIIAINTIULAL 90 Bio-Residue Utilization for Circular City
aeldlasansnisusznmiamisesnuuumsimnssuiaiiuisnidniviantndnu 3 2563-2564 B
Junisiddvegyanesangusunazninduainlssundaiuduend 19na1an ensnssuun
duflunsudsguuazilnAnussleviasaaanelduuifn Circular City AdfunuuIngMsmans
wisnATTlaeagsianuy BCG lasnsdilaasugiafudanm sunsyuiou wagsudandes
Tnonsudnndndasiuazlvuimsiinlugmsaiadenuiianansafiondulsogadsdu

MntagusrasdluniseanuuunssuIunsaansneenuuunsdiiuguld dail ssuuagyiing
wUs3Ureed lasualfiduuiatannlaenszuviunisgesaasarsdunidluannslionnia
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Appendix.

A. auqamamma:wé’amu (Material and Energy balances)
1. Food waste Anaerobic Reactor AR-104

Uﬁﬁ%ﬂ’lﬁtﬁm%’aﬂ Fraction conversion
1. Protein + H,O  —————v > 6.5 CHs + 6.5CO; + HoS + 3 NH3 0.5
2. Triglyceride + 28 H,O ---------——- > 40 CHq + 17 CO;, 0.05
3. Cellulose + H,O > 3 CHq + 3 CO; 1
4. Hemicellulose + H,O  --—--------- > 2.5C0O, +25CHq 1
A15797 A.1 Lans Material Balances va4 Food waste Anaerobic Reactor AR-104
Inlet Outlet
Stream Name Moed 0 Total Cons. Gen. Total
— Pre-Biogas Inlet Outlet
Stream No. 3 4
CHq kmol/hr 0 66.51 0 0 66.51 66.51
CO; kmol/hr 0 53.97 0 0 53.97 53.97
H.O kmol/hr 3058.32 3027.79 3058.32 30.53 0| 3027.79
H2S kmol/hr 0 0.27 0 0 0.27 0.27
NH5 kmol/hr 0 0.82 0 0 0.82 0.82
Cco kmol/hr 0 0 0 0 0 0
O, kmol/hr 0 0 0 0 0 0
N2 kmol/hr 0 0 0 0 0 0
H, kmol/hr 0 0 0 0 0 0
SO, kmol/hr 0 0 0 0 0 0
COS kmol/hr 0 0 0 0 0 0
CS, kmol/hr 0 0 0 0 0 0
S2 kmol/hr 0 0 0 0 0 0
NO, kmol/hr 0 0 0 0 0 0
SOs kmol/hr 0 0 0 0 0 0
Inert kmol/hr 0.53 5.32E-01 0.53 0 0 0.53
Cellulose kmol/hr 10.90 0 10.90 10.90 0 0
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Inlet Outlet
Stream Name Med "y Total Cons. Gen. Total
. Pre-Biogas Inlet Outlet
Stream No. 3 4
Hemicellulose | kmol/hr 4.09 0 4.09 4.09 0 0
Protein kmol/hr 0.55 0.27 0.55 0.27 0 0.27
Triglyceride kmol/hr 10.90 10.36 10.90 0.55 0 10.36
MDEA kmol/hr 0 0 0 0 0 0
CsH/NO, kmol/hr 0 0 0 0 0 0
MDEAH* kmol/hr 0 0 0 0 0 0
NH" kmol/hr 0 0 0 0 0 0
H.O* kmol/hr 0 0 0 0 0 0
HCOs kmol/hr 0 0 0 0 0 0
COs* kmol/hr 0 0 0 0 0 0
HS kmol/hr 0 0 0 0 0 0
s kmol/hr 0 0 0 0 0 0
H* kmol/hr 0 0 0 0 0 0
OH kmol/hr 0 0 0 0 0 0
Sulfur kmol/hr 0 0 0 0 0 0
H,SOq kmol/hr 0 0 0 0 0 0
Total Mole | kmol/hr 3085.29 3160.52 3085.29 121.57 | 3160.52
Flow
A1519T1 A2 wan Energy Balances 989 Food waste Anaerobic Reactor AR-104
Inlet Outlet
Stream Name Mixed FW FW Pre-Biogas
Stream No. 3 4
Temperature (°C) 11.57 55.00
Pressure (atm) 1 1
Mass flow rate (kg/hr) 67333.75 67357.20
Mass Enthalpy (J/kg) -13687048.47 -13538855.97
Enthalpy flow (kW) -256000.08 -253316.52
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Inlet

Outlet

Stream Name Mixed FW FW Pre-Biogas
Stream No. 3 4
Total (kW) -256000.08 -253316.52
Heat input (kW) 2683.56
2 Food waste water separator V-107
A15797 A3 Lans Material Balances va4 Food waste water separator V-107
Inlet Outlet
— = — Total Inlet | Total Outlet
Stream Name Pre-Biogas | Condensed | Biogas
3 water
Stream No. 8 9 16
CHq kg/hr 1066.92 5.48E-05 | 1066.92 1066.92 1066.92
CO, kg/hr 2371.23 2.35E-02 | 2371.21 2371.23 2371.23
H,O kg/hr 373.49 359.17 14.32 373.49 373.49
H,S kg/hr 9.15 1.16E-03 9.15 9.15 9.15
NH- kg/hr 12.55 2.81E-02 12.52 12.55 12.55
@) kg/hr 0 0 0 0 0
O kg/hr 0 0 0 0 0
N> ke/hr 0 0 0 0 0
Ha kg/hr 0 0 0 0 0
SO, ke/hr 0 0 0 0 0
COS kg/hr 0 0 0 0 0
CSy kg/hr 0 0 0 0 0
S2 ke/hr 0 0 0 0 0
NO, kg/hr 0 0 0 0 0
SOs ke/hr 0 0 0 0 0
Inert ke/hr 0 0 0 0 0
Cellulose ke/hr 0 0 0 0 0
Hemicellulose | kg/hr 0 0 0 0 0
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Inlet Outlet
W "y W Total Inlet | Total Outlet
Stream Name Pre-Biogas | Condensed | Biogas
3 water
Stream No. 8 9 16
Protein kg/hr 0 0 0 0 0
Triglyceride kg/hr 0 0 0 0 0
MDEA kg/hr 0 0 0 0 0
CsH/NO, kg/hr 0 0 0 0 0
MDEAH* kg/hr 0 0 0 0 0
NH," kg/hr 0 0 0 0 0
H;O" kg/hr 0 0 0 0 0
HCO5 kg/hr 0 0 0 0 0
COs” ke/hr 0 0 0 0 0
HS ke/hr 0 0 0 0 0
s ke/hr 0 0 0 0 0
H* ke/hr 0 0 0 0 0
OH kg/hr 0 0 0 0 0
Sulfur ke/hr 0 0 0 0 0
H2504 kg/hr 0 0 0 0 0
Total Mole 3833.34 359.23 | 3474.11 3833.34 3833.34
Flow kg/hr
A1519% A4 wanen13AIn Flash calculation ¥89 Food waste water separator V-107
Inlet Outlet
FW FW FW
Stream Name Pre-Biogas | Condensed Biogas < | v
3 water
Stream No. 8 9 16
CHq kmol/hr 66.51 3.42E-06 66.51 | 3176778.78 3.42E-06 66.51
CO, kmol/hr 53.88 5.34E-04 53.88 16465.64 5.34E-04 53.88
H,O kmol/hr 20.73 19.94 0.79 0.01 19.94 0.79
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Inlet Outlet
FW FW
Stream Name Pre-Biogas | Condensed | Biogas < | v
water
Stream No. 9 16
H,S kmol/hr 0.27 3.42E-05 0.27 1281.38 3.42E-05 0.27
NH5 kmol/hr 0.74 1.65E-03 0.74 72.71 1.65E-03 0.74
Total Mole | kmolhr 142.12 19.94 122.18 19.94 | 122.18
Flow
m'i']\‘i‘ﬁ A.5 1L@p3 Energy Balances U84 Food waste water separator V-107
Inlet Outlet
Stream Name FW FW Condensed water FW Biogas
Pre-Biogas 3
Stream No. 8 9 16
Temperature (°C) 55 5 5
Pressure (atm) 1 1 1
Mass flow rate (kg/hr) 3833.34 359.23 3474.11
Mass Enthalpy (J/kg) -8130004.82 -16110806.40 -7633612.15
Enthalpy flow (kW) -8656.97 -1607.62 -7366.68
Total (kW) -8656.97 -8974.30
Heat input (kW) -317.33
3. Rich water Heater E-216
A1519% A6 Uan Energy Balances 83 Rich water Heater E-216
Inlet Outlet
Stream Name Pressurized scrub water Preheated scrub water
Stream No. 58 59
Temperature (°C) 29.68 90.00
Pressure (atm) 6 6
Mass flow rate (kg/hr) 25074.85 25074.85
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Inlet

Outlet

Stream Name

Pressurized scrub water

Preheated scrub water

Stream No. 58 59
Mass Enthalpy (J/kg) -15826197.37 -15573294.49
Enthalpy flow (kW) -110233.20 -108471.68
Total (kW) -110233.20 -108471.68
Heat input (kW) 1761.53
4. Lean MDEA Cooler E-209
a519fl A7 wans Energy Balances 9839 Lean MDEA Cooler E-209
Inlet Outlet
Stream Name Total Lean MDEA Recycle MDEA
Stream No. 48 49
Temperature (°C) 134.88 25.00
Pressure (atm) 2.96 3.00
Mass flow rate (kg/hr) 179875.92 179875.92
Mass Enthalpy (J/kg) -12470457.36 -12889181.04
Enthalpy flow (kW) -623093.06 -644014.81
Total (kW) -623093.06 -644014.81
Heat input (kW) -20921.75
5. Internal Heat Exchanger E-306
a9l A.8 Ld@ns Material Balances U84 Internal Heat Exchanger E-306
Inlet Outlet
Stream Name Pressurized | Flue gas Utility Cooled Total Total
utility water 2 3 steam flue gas Intet Outlet
Stream No. 85 78 86 79
CHq ke/hr 0 0 0 0 0 0
CO, kg/hr 0| 8325.79 0 8325.79 | 8325.79 | 8325.79
H.O kg/hr 25000 | 6021.83 25000 6021.83 | 31021.83 | 31021.83
HoS kg/hr 0| 1.30E-01 0 1.30E-01 | 1.30E-01 | 1.30E-01
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Inlet Outlet
Stream Name Pressurized | Flue gas Utility Cooled Total Total
utility water 2 3 steam flue gas Intet Outlet
Stream No. 85 78 86 79

NH5 kg/hr 0 0 0 0 0 0
Cco kg/hr 0 0 0 0 0 0
o) kg/hr 0 1.36 0 1.36 1.36 1.36
N2 kg/hr 0| 7.31E-04 0 7.31E-04 | 7.31E-04 | 7.31E-04
H. kg/hr 0 0 0 0 0 0
SO, ke/hr 0| 1.22E-01 0 0.1223 0.1223 0.1223
COS kg/hr 0 0 0 0 0 0
CS; kg/hr 0 0 0 0 0 0
S2 kg/hr 0 0 0 0 0 0
NO, kg/hr 0 0 0 0 0 0
SOs kg/hr 0 0 0 0 0 0
Inert ke/hr 0 0 0 0 0 0
Cellulose ke/hr 0 0 0 0 0 0
Hemicellulose | kg/hr 0 0 0 0 0 0
Protein kg/hr 0 0 0 0 0 0
Triglyceride ke/hr 0 0 0 0 0 0
MDEA kg/hr 0| 1.62E-02 0 1.62E-02 | 1.62E-02 | 1.62E-02
CsH/NO, kg/hr 0 0 0 0 0 0
MDEAH" ke/hr 0 0 0 0 0 0
NH," kg/hr 0 0 0 0 0 0
H;0" kg/hr 0 0 0 0 0 0
HCOs5 kg/hr 0 0 0 0 0 0
COs” ke/hr 0 0 0 0 0 0
HS ke/hr 0 0 0 0 0 0
s ke/hr 0 0 0 0 0 0
H ke/hr 0 0 0 0 0 0
OH kg/hr 0 0 0 0 0 0
Sulfur kg/hr 0 0 0 0 0 0
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Inlet Outlet
Stream Name Pressurized | Flue gas Utility Cooled Total Total
utility water 2 3 steam flue gas Intet Outlet
Stream No. 85 78 86 79

H2SOq kg/hr 0 0 0 0 0

Total Mole 25000 | 14349.25 25000 | 14349.25| 39349.25 | 39349.25
Flow kg/hr
A1519% A9 Uan Energy Balances 489 Internal Heat Exchanger E-306
Inlet Outlet
Stream Name Pressurized Flue gas 3 Utility steam Cooled flue gas
utility water 2

Stream No. 85 78 86 79
Temperature (°C) 25.01 2389.73 159.78 169.77
Pressure (atm) 5.93 0.65 5.93 0.65
Mass flow rate (kg/hr) 25000.00 14349.25 25000.00 14349.25
Mass Enthalpy (J/kg) -15981094.63 -6455965.17 -13580752.36 -10637965.81
Mass heat capacity 4528.23 2260.68 2496.56 1376.30
(J/kg K)
Q,cold (KW) 3287.06
Qjhot (KW) -16090.96
ATy (°C) 144.76
AT, (°0) 2229.96
AT, (°C) 762.51
U (W/m?K) 850
As (m?) 24.83
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6. MDEA Pump P-202

mi%‘l‘ﬁ A.10 1L@as Energy Balances 489 MDEA Pump P-202

Inlet Outlet

Stream Name Total Lean MDEA Recycle MDEA

Stream No. 48 49

Temperature (°C) 25 25.05
Pressure (atm) 1 3
Mass flow rate (kg/hr) 179798.62 179798.62
Mass Enthalpy (J/kg) -12899213.53 -12899004.13
Mass heat capacity (J/kg K) -12899213.53 -12899004.13
Enthalpy flow (kW) 3911.35 3736.16
Total (kW) 1020.26 1020.32
Fluid power (Watt) 9911.60
Head pump,, (m) 20.25
Pump efficiency (%) 75.09
Net work (Watt) 13200.14

7. CO, compressor C-308

m’i’Nﬁ A.11 1L&@as Energy Balances 489 CO, compressor C-308

Inlet Outlet

Stream Name Pre-CO, 2 Compressed CO, 2
Stream No. 81 82
Temperature (°C) 0 102.83
Pressure (atm) 1 3
Mass flow rate (kg/hr) 8343.21 8343.21
Mass Enthalpy (J/kg) -8976154.54 -8887362.69
Enthalpy flow (kW) -20802.76 -20596.98
Total (kW) -20802.76 -20596.98
Net work required (kW) 205.78
% isentropic efficiency 72
Isentropic power requirement (kW) 148.16
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8. Gas Turbine 1 C-304

A1519% A.12 wana Energy Balances 983 Gas Turbine 1 C-304

Inlet Outlet
Stream Name Flue gas Flue gas 2
Stream No. 76 7
Temperature (°C) 3000.00 2696.96
Pressure (atm) 6.00 1.98
Mass flow rate (kg/hr) 14349.25 14349.25
Mass Enthalpy (J/kg) -5030958.20 -5749523.74
Enthalpy flow (kW) -20052.90 -22917.04
Total (kW) -20052.90 -22917.04
Net work required (kW) -2864.13
% isentropic efficiency 70
Isentropic power requirement (kW) -4091.62
9. MDEA Absorber tower T-204
A15797 A.13 wans Material Balances 83 MDEA Absorber tower T-204
Inlet Outlet
Stream Name Compressed | Preheated | Treated Rich Total Total
Biogas MDEA 0as MDEA Intet Outlet
Stream No. 33 36 37 42
CHq ke/hr 4356.85 0| 4354.49 2.36 4356.85 4356.85
CO, ke/hr 10491.14 0] 1827.56 60.85 10491.14 1888.41
H>O ke/hr 60.56 | 134838.12 256.45 | 131131.52 | 134898.68 | 131387.97
H,S kg/hr 30.71 0| 1.85E-05 6.82 30.71 6.82
NH- kg/hr 43.96 0| 3.13E-08 43.96 43.96 43.96
CcoO ke/hr 0 0 0 0 0 0
0, ke/hr 0 0 0 0 0 0
N, ke/hr 0 0 0 0 0 0
H, ke/hr 0 0 0 0 0 0
SO, ke/hr 0 0 0 0 0 0
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Inlet Outlet
Stream Name Compressed | Preheated | Treated Rich Total Total
Biogas MDEA 0as MDEA Inlet Outlet
Stream No. 33 36 37 42
Cos kg/hr 0 0 0 0 0 0
CS, kg/hr 0 0 0 0 0 0
S, kg/hr 0 0 0 0 0 0
NO, ke/hr 0 0 0 0 0 0
SOs kg/hr 0 0 0 0 0 0
Inert ke/hr 0 0 0 0 0 0
Cellulose kg/hr 0 0 0 0 0 0
Hemicellulose | kg/hr 0 0 0 0 0 0
Protein kg/hr 0 0 0 0 0 0
Triglyceride | ko/hr 0 0 0 0 0 0
MDEA ke/hr 0 4487795 | 2.70E-02 | 19029.38 | 44877.95 19029.40
CsH/NO; ke/hr 0 0 0 0 0 0
MDEAH" kg/hr 0 72.31 0] 26139.38 7231 | 26139.38
NH," kg/hr 0 0 0 0 0 0
H50* ke/hr 0 0 0 0 0 0
HCO5 ke/hr 0 0 0| 10625.16 0| 10625.16
COs* kg/hr 0 0 0| 1280.65 0| 1280.65
HS kg/hr 0 0 0 23.18 0 23.18
S ke/hr 0 0 0| 1.31E-02 0| 131E-02
H* ke/hr 0 0 0 0 0 0
OH’ ke/hr 0 10.23 0| 4.94E-02 10.23 4.94E-02
Sulfur ke/hr 0 0 0 0 0 0
H2504 kg/hr 0 0 0 0 0 0
Total Mole 14983.22 | 179798.62 | 6438.53 | 188343.30 | 194781.83 | 194781.83
Flow kg/hr
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A1519% A.14 uana Energy Balances 983 MDEA Absorber tower T-204

Inlet Outlet
Stream Name Compressed Biogas | Preheated MDEA | Treated gas Rich MDEA
Stream No. 33 36 37 42
Temperature (°C) 70.48 43.00 43.80 58.28
Pressure (atm) 2.00 3.00 1.97 1.98
Mass flow rate (kg/hr) 14983.22 179798.62 6438.53 188343.30
Mass Enthalpy (J/kg) -71628783.40 -12831895.30 -6199832.93 | -12644691.28
Enthalpy flow (kW) -31751.03 -640876.95 -11088.28 -661539.70
Total (kW) -672627.98 -672627.98
Heat input (kW) 0.00
10. Food waste rotary screen SC-501
A15797 A.15 wans Material Balances 484 Food waste rotary screen SC-501
Inlet Outlet
Stream Name Total FW FW Treated | FW solid Total Total
wastewater water waste Intet Outlet
Stream No. 11 12 13
CHq kg/hr 3.97E-02 0 397E-02 | 3.97E-02 | 3.97E-02
CO, kg/hr 33.46 0 33.46 33.46 33.46
H,O kg/hr 60510.59 55064.64 544595 | 60510.59 | 60510.59
H,S kg/hr 8.81 0 8.81 8.81 8.81
NH; kg/hr 3.48 0 3.48 3.48 3.48
CcoO ke/hr 0 0 0 0 0
O, kg/hr 0 0 0 0 0
N> ke/hr 0 0 0 0 0
Ho kg/hr 0 0 0 0 0
SO, ke/hr 0 0 0 0 0
COoS ke/hr 0 0 0 0 0
CS; kg/hr 0 0 0 0 0
S2 ke/hr 0 0 0 0 0
NO, kg/hr 0 0 0 0 0

112




Inlet Outlet
Stream Name Total FW FW Treated | FW solid Total Total
wastewater water waste Inlet Outlet
Stream No. 11 12 13

SOs kg/hr 0 0 0 0 0
Inert ke/hr 53.15 0 53.15 53.15 53.15
Cellulose ke/hr 0 0 0 0 0
Hemicellulose kg/hr 0 0 0 0 0
Protein kg/hr 100.15 0 100.15 100.15 100.15
Triglyceride kg/hr 9192.12 0 9192.12 | 9192.12 9192.12
MDEA kg/hr 0 0 0 0 0
CsH/NO, kg/hr 0 0 0 0 0
MDEAH" ke/hr 0 0 0 0 0
NHg* ke/hr 0 0 0 0 0
H5O" kg/hr 1.30E-02 0 1.30E-02 | 1.30E-02 | 1.30E-02
HCOs kg/hr 4.12E-02 0 4.12E-02 | 4.12E-02 | 4.12E-02
COs” kg/hr 2.32E-08 0 2.32E-08 | 2.32E-08 | 2.32E-08
HS kg/hr 7.93E-04 0 7.93E-04 | 7.93E-04 | 7.93E-04
s ke/hr 8.47E-12 0 0| 8.47E-12 0
H kg/hr 0 0 0 0 0
OH kg/hr 1.25E-07 0 1.25E-07 | 1.25E-07 | 1.25E-07
Sulfur ke/hr 0 0 0 0 0
H,S04 kg/hr 0 0 0 0 0
Total Mole Flow | kg/hr 69901.85 55064.64 14837.21 | 69901.85 | 69901.85
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ms’mﬁ A.16 L&@ns Energy Balances 9839 Food waste rotary screen SC-501

Inlet Outlet

Stream Name Total FW wastewater FW Treated water FW solid waste
Stream No. 11 12 13

Temperature (°C) 50.37 50.37 50.37
Pressure (atm) 1 1 1
Mass flow rate (kg/hr) 69901.85 55064.64 14837.21
Mass Enthalpy (J/kg) -14063292.81 -15895879.08 -6512087.64
Enthalpy flow (kW) -273069.49 -243139.13 -26839.22
Total (kW) -273069.49 -269978.35
Heat input (kW) 3091.14
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B. A19819N15ANUIN
B.1 dunanlad1s (Material Balances)
NENN1T  Accumulation = Materials Input — Materials Output + Material generation
— Material consumption
fianza (Steady state) : Accumulation = 0
ot Materials Input + Material generation = Materials Output + Material consumption
$29819 Material Balances 984 Food waste Anaerobic Reactor AR-104

Inlet
Stream Name Mixed FW
Stream No. 3
H,O kmol/hr 3058.32
Inert kmol/hr 0.53
Cellulose kmol/hr 10.90
Hemicellulose kmol/hr 4.09
Protein kmol/hr 0.55
Triglyceride kmol/hr 10.90
Total Mole Flow kmolhr 3085.29
UiAseiAeates Fraction conversion
1. Protein + H,LO v > 65CHs + 65C0O; + HyS + 3 NH5 0.5
2. Triglyceride + 28 H,O ------—--—-- > 40 CHq + 17 CO, 0.05
3. Cellulose + H,O e > 3 CHq + 3 CO, 1
4. Hemicellulose + H,O  --—----—---- > 25C0O, +25CHq 1

e Components mass balance
RnauNs  X(Materials Input) ; + X(Material generation) ; = X' (Materials Output) ;
+ X (Material consumption);
Protein: 0.55 + 0 = (Protein output) + (0.55%0.5)
et Protein output = 0.275 kmol/hr
Cellulose:  10.90 + 0 = (Cellulose output) + (10.90x1)
sarfu Cellulose output = 0 kmol/hr
Hemicellulose:  4.09 + 0 = (Hemicellulose output) + (4.09x1)
é’ﬂﬁ?u Hemicellulose output = 0 kmol/hr
Triglyceride: 10.90 + 0 = (Triglyceride output) + (10.90x0.05)
ot Triglyceride output = 10.36 kmol/hr
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AatiuanusaazUaunaulnanslanadl

0.53 + 0 = (Inert output) + 0
Fath Inert output = 0.53 kmol/hr
Tng X (H,0 consumption) ; = Protein consumption
+ Triglyceride consumptionx28 + Cellulose consumption + Hemicellulose
consumption
3058.32 + 0 = (H,0O output) + (0.55%0.5+10.90%0.05%x28+10.90x1+4.09x1)
Sty H,0 output = 3027.79 kmol/hr
Tng X (CHq generation); = Protein consumptionx6.5
+ Triglyceride consumptionx40 + Cellulose consumptionx3
+ Hemicellulose consumptionx2.5
0+(0.55%0.5x6.5+10.90x0.05x40+10.90x1x3+4.09x 1x2.5)=(CH,4 output)+ 0
sathu CH, output = 66.51 kmoU/hr
lag X (CO, generation); = Protein consumptionx6.5
+ Triglyceride consumptionx17 + Cellulose consumptionx3
+ Hemicellulose consumptionx2.5
0+(0.55%0.5x6.5+10.90x0.05%17+10.90x 1x3+4.09x 1x2.5)=(CO, output)+ O
fatiu CO, output = 53.97 kmol/hr
0+(0.55x0.5) = (H,S output) + 0
fatiu H,S output = 0.27 kmol/hr
0+(0.55%0.5x3) = (NH3 output) + 0
ot NH; output = 0.82 kmol/hr

1%

Inlet Outlet
) Total Total
Stream Name Mixed FW
) Inlet Outlet
FW Pre-Biogas
(Calculation)
Stream No. 3 aqa
CHaq kmol/hr 0 66.51 0 66.51
CO, kmol/hr 0 53.97 0 53.97
H,O kmol/hr 3058.32 3027.79 3058.32 3027.79
H,S kmol/hr 0 0.27 0 0.27
NH- kmol/hr 0 0.82 0 0.82
Inert kmol/hr 0.53 5.32E-01 0.53 0.53
Cellulose kmol/hr 10.90 0 10.90 0
Hemicellulose kmol/hr 4.09 0 4.09 0




Inlet Outlet
) Total Total
Stream Name Mixed FW
) Inlet Outlet
FW Pre-Biogas
(Calculation)
Stream No. 3 q
Protein kmol/hr 0.55 0.27 0.55 0.27
Triglyceride kmol/hr 10.90 10.36 10.90 10.36
Total Mole Flow | kmolhr 3085.29 3160.52 3085.29 3160.52

B.2 auAAWAIIU (Energy Balances)

f79814 Energy Balances 484 CO, compressor C-308

Inlet Outlet

Stream Name Flue gas Flue gas 2
Stream No. 76 7
Temperature (°C) 3000.00 2696.96
Pressure (atm) 6.00 1.98
Mass heat capacity (J/kg K) 2403.83 2335.77
Mass flow rate (kg/hr) 14349.25 14349.25
Mass Enthalpy (J/kg) -5030958.20 -5749523.74

1NANUNT1T Accumulation = Energy Input — Energy Output + Heat required - Heat of reaction

fianneasi (Steady state) :  Accumulation = 0

ﬁ\‘iﬁ?u Energy Input + Heat required = Energy Output + Heat of reaction

osnlaliAnufATen feu Heat of reaction = 0

Waz Energy Input = Enthalpy input = mcpjn(Tin-Trer)

Energy Output = Enthalpy Output = mcp eudToutTrer)

9zlein Heat required = MCpou(Tout-Trer) - MCpin(Tin-Trer) = MCp ave(Tout-Tin)

Fathu Heat required = 14349.25 (kg/hr) x ((2403.83 +2335.77)/2) (J/kg K) x (2696.96 - 3000)
(°O) x (1 hr/3600 s)
= -2864 kW = Net work required

Amunlit % isentropic efficiency = 70 %

Isentropic power requirement = -2864/0.7 = -4091.43 kW

117



B.3 nsAnwiniuuaiuiivasgunsaifilduasiuidniuingdu

A9819 N1SATUIUVUIANUT FW Anaerobic reactor AR-104

(%
i ~

ToyauguvemhgUuRn1g : HRT = 12 hr, Volume flow rate inlet = 3985.50 m*/hr

FefuUsnarennaiidesiniuiomn = 3985.50 m¥/hr x 12 hr = 47826 m’

farusliluuaedsfnsaliiuiannsing (Free volume) lalsind1 10 % vosUsanasitoun

auuAlviduRuaugnans (D) Wi 15 s wazANuginiu 45 wns

AUV NTal © TT(D?) xHXN/4 = 47826 x 1.1 --> TT(15%) x45xN/4 =47826 x 1.1
N = 6.6 %39 7 &9

SefurunaiiuiivedsUfingnl = (159 x/4 = 176.714 m?

(% '
= =

WUNVDITIUHNIATIMNNUA = 176.714 x 7 = 1237 m?

Fre1e nsuIMTIARUTiuLRaRBInEe (Fuel gas storage)

MNAEINSHARL AT oA = 1491.99 m/hr

Suslissesanlunstinfiuuiidemasseds = 4 hr

FefuuTinsveaufaiifosussgianunwindy = 1491.99 m3/hr x 4 hr = 5967.96 m’

vualiluusadiussquiatuTinasin (Free volume) T 20 % vesUianmsiiman

auuAliduRuaugnans (D) Wiy 9 T uagANEWNAU 15 1Uns

ANNUVNTININYDIEIURNTA : TT(D?) xHXN/G =5967.96 x 1.2 —>TT(9?) x15xN/4=5967.96 x 1.2
N = 7.5 %39 8 £

Sefurunaiiuiiedeufnsal = 9% x/4 = 63.62 m?

(% ' 1%
a [

Hufivesdisufnsaisansionun = 63.62 x 8 = 508.94 m? = 19.7 m x 25.8 m

118



C. Design requirements

INTBAMNUAKALN NI ANAINNITHAARAATININLALUTUIAIIUADINTVBINAN A WA

prulangdvunauisoasUlddmisned C1uagnmsamresnssuauntsudnlunsdiiugiu
(Base-case), NSEIAN®Y 1, NSEIANE 2 WAy nsaiAn® 3 wandlun1s19f C.2, C.3, C.4 uag C.5
iy Tnelunnnsdidmdamandanuanudomnistusnulandmmuasiufnuninveuia
Fanmuazwdosuiduluamnassuaznginasivimuali

M13199 C.1 JefmuauaznginaiAuNINNsHARLaTINMLAENEA S ulandivun

Requirement unit
Raw materials
Food waste 88146.00 | ton/year
(Cassava waste 792.00 | ton/year
Biogas production
H.O 0-10 | %
NH; 0-1]%
CO, 20-50 | %
CHq 50-70 | %
H,S 50-5000 | ppm
Fuel gas/Cooking gas
Pressure 1.247 | atm
H,0 No requirement but suggest to reduce
CO, No requirement but suggest to reduce
H,S < 1000 | ppm
Compressed Biomethane gas (CBG)
Pressure 247.73 | atm
CHq >80 | %
CO, No requirement but suggest to reduce
H,O To be eliminated
H,S < 100 | ppm
Mass flow rate 1 | ton/year

Gas to combined heat and power unit (CHP)

H,0 No requirement but suggest to reduce
CO, No requirement but suggest to reduce
H,S < 1000 | ppm
Electricity generation
Capacity 930 | MWh/month
Area of Filled land 50 | Rais
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A15190 C.2  LAAININIIUMIAINISHENVDINTTUIUNAARAETIN AL HENS 96197 Tunsaliiug1u

(Base-case)

Capacity unit
Raw materials
Food waste 88146.00 | ton/year
Cassava waste 792.00 | ton/year
Makeup water 170935.28 | m*/year
MDEA 2678575.68 | ton/year
Oxygen gas 10633.75 | ton/year
Mixed plastic waste 109.41 | ton/year
Zinc losses 1112.25 | ton/year
Nitrogen gas 16.31 | ton/year
Compressed air 4.66 | ton/year
Biogas production
Biogas from Food waste fermentation 25013.60 | ton/year
H.O 0.65 | %
NH; 0.60 | %
CO, 44.10 | %
CHq 54.43 | %
HoS 2196.10 | ppm
Biogas from Cassava waste fermentation 82865.52 | ton/year
H,O 0.65 | %
NH; 0.47 | %
CO; 46.75 | %
CHq 5197 | %
HaS 1603.60 | ppm
Total Biogas production 107879.12 | ton/year
H.,O 0.65 | %
NH; 0.50 | %
CO, 46.13 | %
CHq 5255 | %
H,S 1743.68 | ppm
Fuel gas/Cooking gas
Pressure 1.247 | atm
H,O 4.35 | %
CO; 12.69 | %
CHq 8295 | %
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Capacity unit
H2S 0.00166 | ppm
Mass flow rate 9271.48 | ton/year
Compressed Biomethane gas (CBG)
Pressure 247.73 | atm
H,O 0.61 | %
CO, 13.18 | %
CHq 86.20 | %
H,S 0.00172 | ppm
Mass flow rate 8918.39 | ton/year
Gas to combined heat and power unit (CHP)
H.O 4.35 | %
CO, 12.69 | %
H,S 0.00166 | ppm
Electricity generation
Capacity 1900.96 | MWh/month
Additional production
Fertilizer production 139649.52 | ton/year
Pure carbon dioxide gas (99.5%) 120323.75 | ton/year
P-oil production 21551.19 | ton/year
Hot gas from pyrolysis 7294.25 | ton/year
Area of Filled land 29.07 | Rais

A15199 C.3 WaRIN NSNS INSHARTRINSYUILNARLAaT I MLasNAnS i1 Tunsdifnw 1
(Scenario 1) n3alfin®1nI56AL Air Separation Unit sl991an3adwug M

Capacity unit
Raw materials

Food waste 88146.00 | ton/year
Cassava waste 792.00 | ton/year
Makeup water 170935.28 | m*/year
MDEA 2678575.68 | ton/year
Oxygen gas 0.00 | ton/year
Mixed plastic waste 109.41 | ton/year
Zinc losses 1112.25 | ton/year
Nitrogen gas 0.00 | ton/year
Compressed air 4.66 | ton/year
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Capacity unit
Biogas production
Biogas from Food waste fermentation 25013.60 | ton/year
H,O 0.65 | %
NH; 0.60 | %
CO, 44.10 | %
CHq 54.43 | %
H,S 2196.10 | ppm
Biogas from Cassava waste fermentation 82865.52 | ton/year
H.O 0.65 | %
NH; 0.47 | %
CO, 46.75 | %
CHq 51.97 | %
H,S 1603.60 | ppm
Total Biogas production 107879.12 | ton/year
H,O 0.65 | %
NH; 0.50 | %
CO; 46.13 | %
CHq 5255 | %
H,S 1743.68 | ppm
Fuel gas/Cooking gas
Pressure 1.247 | atm
H,O 4.35 | %
CO, 12.69 | %
CHq 8295 | %
H,S 0.00166 | ppm
Mass flow rate 9271.48 | ton/year
Compressed Biomethane gas (CBG)
Pressure 247.73 | atm
H,O 0.61 ] %
CO, 13.18 | %
CHq 86.20 | %
H,S 0.00172 | ppm
Mass flow rate 8918.39 | ton/year
Gas to combined heat and power unit (CHP)
H,O 4.35 | %
CO, 12.69 | %
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Capacity unit
H2S 0.00166 | ppm
Electricity generation
Capacity 970.38 | MWh/month
Additional production
Fertilizer production 139649.52 | ton/year
Pure carbon dioxide gas (99.5%) 120323.75 | ton/year
P-oil production 21551.19 | ton/year
Hot gas from pyrolysis 7294.25 | ton/year
Area of Filled land 25.45 | Rais

A9 C.4  LAAININTINAISINITHANVDINTEUIUNAALAATIN LA ZHARAUNA9Y Tunsalfinel 2
(Scenario 2) n3adily Air Separation Unit 99100 SEINUFIMUALUUNYIE CO, gas AMTUNITHES
JanneaTImeenTIaI 0.15 Ye9 CO, nanla

Capacity unit
Raw materials
Food waste 88146.00 | ton/year
(Cassava waste 792.00 | ton/year
Makeup water 170935.28 | m*/year
MDEA 2678575.68 | ton/year
Oxygen gas 0.00 | ton/year
Mixed plastic waste 109.41 | ton/year
Zinc losses 1112.25 | ton/year
Nitrogen gas 0.00 | ton/year
Compressed air 4.66 | ton/year
Biogas production
Biogas from Food waste fermentation 25013.60 | ton/year
H.O 0.65 | %
NH; 0.60 | %
CO, 44.10 | %
CHq 54.43 | %
H.S 2196.10 | ppm
Biogas from Cassava waste fermentation 82865.52 | ton/year
H.O 0.65 | %
NH; 0.47 | %
CO, 46.75 | %
CHq 51.97 | %
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Capacity unit
H2S 1603.60 | ppm
Total Biogas production 107879.12 | ton/year
H,O 0.65 | %
NH5 0.50 | %
CO, 46.13 | %
CHq 5255 | %
H,S 1743.68 | ppm
Fuel gas/Cooking gas
Pressure 1.247 | atm
H,O 4.35 | %
CO, 12.69 | %
CHq 82.95 | %
H,S 0.00166 | ppm
Mass flow rate 9271.48 | ton/year
Compressed Biomethane gas (CBG)
Pressure 247.73 | atm
H,O 0.61 | %
CO, 13.18 | %
CHq 86.20 | %
HoS 0.00172 | ppm
Mass flow rate 8918.39 | ton/year
Gas to combined heat and power unit (CHP)
H.O 4.35 | %
CO, 12.69 | %
H,S 0.00166 | ppm
Electricity generation
Capacity 970.38 | MWh/month
Additional production
Fertilizer production 139649.52 | ton/year
Pure carbon dioxide gas (99.5%) 102275.18 | ton/year
Concrete building materials 18048.56 | ton/year
P-oil production 21551.19 | ton/year
Hot gas from pyrolysis 7294.25 | ton/year
Area of Filled land 26.34 | Rais
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A1919% C.5  UAAININTILASINITHANVDINTZUIUNBALAGTINNLAZHARA TR TunsdlAny) 3
(Scenario 3) nsallily Air Separation Unit #aa1nnsaliiugIukazutayig CO,gas 1M5UNITHAS)
Jannea19mgenTIad 0.15 ve9 CO, inanla 1{los1un7591 Heat integration

Capacity unit
Raw materials
Food waste 88146.00 | ton/year
(Cassava waste 792.00 | ton/year
Makeup water 170935.28 | m*/year
MDEA 2678575.68 | ton/year
Oxygen gas 0.00 | ton/year
Mixed plastic waste 109.41 | ton/year
Zinc losses 1112.25 | ton/year
Nitrogen gas 0.00 | ton/year
Compressed air 4.66 | ton/year
Biogas production
Biogas from Food waste fermentation 25013.60 | ton/year
H,0O 0.65 | %
NH; 0.60 | %
CO; 44.10 | %
CHq 54.43 | %
HoS 2196.10 | ppm
Biogas from Cassava waste fermentation 82865.52 | ton/year
H20 0.65 | %
NH; 0.47 | %
CO, 46.75 | %
CHq 51.97 | %
HaS 1603.60 | ppm
Total Biogas production 107879.12 | ton/year
H,O 0.65 | %
NH; 0.50 | %
CO; 46.13 | %
CHq 5255 | %
H,S 1743.68 | ppm
Fuel gas/Cooking gas
Pressure 1.247 | atm
H.O 4.35 | %
CO, 12.69 | %
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Capacity unit
CHq 8295 | %
HaS 0.00166 | ppm
Mass flow rate 9271.48 | ton/year
Compressed Biomethane gas (CBG)
Pressure 247.73 | atm
H.O 0.61 ] %
CO, 13.18 | %
CHq 86.20 | %
H,S 0.00172 | ppm
Mass flow rate 8918.39 | ton/year
Gas to combined heat and power unit (CHP)
H,O 4.35 | %
CO, 12.69 | %
HaS 0.00166 | ppm
Electricity generation
Capacity 970.38 | MWh/month
Additional production
Fertilizer production 139649.52 | ton/year
Pure carbon dioxide gas (99.5%) 102275.18 | ton/year
Concrete building materials 18048.56 | ton/year
P-oil production 21551.19 | ton/year
Hot gas from pyrolysis 7294.25 | ton/year
Area of Filled land 26.34 | Rais
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D. LUU1Ia89n52UIUN1S (Simulation Models)

nnnszuIunistuniseanwuuluasslldlusunsy Aspen Plus Version 11 tludaunilsves
Aspen Engineering Suite 11 31nUT¥W AspenTech

Validation

AouBuMshMIiassnszuIunslunszuumMsifiaamanvarsuazdudeunisnsiaaey
ANugAFes ( Validation ) iludsiidesineuazyszifiuAiniseonuuulngdidivinissiassesns
fanunagyinaieuiisuanainisansi afiuiuazund 18198 msgaannnssy 21nA19YINNg
UsudsunuudiasuaziuSeuiiisurnadnsdldainunasradazanansailugaiuusiudiuas
anfesvasdonavesuutaedld Tnsuuudiaesiianuals Property Method iu SRK ualudu
s1eazdunluvrsaiudidudesld Property Method tannglaaUszneaunae Property Method
ENRTL-RK Tu n1sanuan1iga0suiat1a1w (Amine Scrubbing Biogas Clean-up) Way Property
Method PENG-ROB Tu szuumswanlufiuazaimiousdn (CHP - Combined Heat and Power)

N151sinYEaNYUYU (Digestion Section)

wHUANLUUTaeInswuU o Aveuraseded 1

e
B1 R101
=
WASTE 3> $13

WHUNNBUUIIaRINM suTnkuUlifiannAY8IN1531889N1508N LU

LUUT1809N ST NTYIIAITNANTINVEEBIMITIINYUYUT @ N AN 0(25°C)NANUAUUTTEINA
(1 atm) lnglggnsrdrumanisinavesini 10 wirveswiamsivavesvere1msanyuy uinn1sudn
fifensin R-101 Migaunqdl 55 °C lagilaunis il



M3 1EAnIUARS YR MUTTIaBInsEUUN st nuuulildaangiau

Sdui Ufnsen

1 PROTEIN + H,O —> 6.5 CHg + 6.5 CO, + HyS + 3 NH3
2 TRIGLYCERIDE + 28 H,O --> 40 CHg + 17 CO;

3 CELLULOSE + H20 --> 3 CHq + 3 COy

a4 HEMICELLULOSE + H,O > 2.5 CHq + 2.5 CO;,

Tnvaunasi (1),3) waz @) lavhnsiiuann® dauaunisi 2) ¥ianan® Tagynisudasann
LUUSIa09999UN89819899n R-101, R-102 1T R101, SEP waz B3 dsthaunis (1) - @) ldnelu
R101 mﬂﬁ?uﬁwmiammm%uﬁaamzmumsmmmjuﬁqmmqﬁ 5°C AMuaY 1 ussennae V-101
ANUUVEIS9B AT F2 U9uUusiansnnntuazldnandneiiu BIOGAS Fwhnnsidouiiounadns
AIUANT

2IAUTYNDUTDIULLYUBUUTANIDINIS

Component NUNAID19DY wuUsaesi

Carbohydrates 55 55
Proteins 2 2
Fats 40 40
Inert 1.95 1.95

aaRUsznoUTRIvETTUIUYSTIAN NS unanyAslulawnsaiunannadisaly © daduna

\nAgY0ILNA9198e Ingiliwaglaasesay 49.53 uar Hemicellulose Souay 7.41 duuludiulunig

FraastlavinnsarnuIndulasnawesisaniu® undinyinisinassnseuiumsazlenasns el

HAANG
Component INUNEID19D wuudhaesil
Water 0.58 0.0065
Carbon dioxide 42.52 44.08
Methane 5291 54.52
Hydrogen Sulfide 0.36 0.0022
Ammonia 0.03 0.0054




N138ANANIITVBILAFYININ (Amine Scrubbing Biogas Clean-up)

o o & Y o YV
N139LUUIIRBINTEUIUNITVRINTTAANanrIuLA ad e drA UL UL ENRTL-

RK_Rate Based MDEA Model Faduuvudiasanidusen AspenTech fldfinsnsvaeuainy
gn#ias (Validation) luienans ENRTL-RK Rate Based MDEA Model.pdf daaxiinadnssisil

UoyavauuIaed ENRTL-RK Rate Based MDEA Model

MX1
WATEROUT
WATERIN
STRIPPER
ABSORBER
LEANIN
. - O
MX2

Joyantouiingsuiunis

LHUANLUUINADINITAANAN1IZVBILAFTININ

UoYaNONA1T0198Y UoYaNUUUTIABY
FLUEGAS LEANIN FLUEGAS LEANIN

aunndl [°C] 75 50 75 50
AU [bar] 1 2 1 2
NITLAYDINIATIY 72 499.68 72 499.24
[ke/hr]

Mass-Frac Mass-Frac
MDEA 0 0.401 0 0.384
H,O 0.071 595 0.071 0.594
CO, 0.085 0.0041 0.085 0.022
N, 0.743 0 0.743 0
O, 0.101 0 0.101 0
CO; Loading n/a | 0.028 mol n/a n/a

COs/mol MDEA




Taen1979 L9090 38UIUN15 AT UR 810U (Amine Adsorption) Tufl @l Aa MDEA (Methyl
diethanolamine) a¢ldasusznoutediufidaandusaievihfAseduufaniunsainaseglu
ufadann fie fenfueulneonluduarlslnsaudalis Insaunsildluwuudasduneufiing
ABSORBER wa STRIPPER figtail

A131UEAIUANSE1YRIMUUTIABINTLUIUNITAANANILUBILAATININ

Sdtui Uselnnvaaui)naen Unaen

1 EQUILIBRIUM MDEAH" + H,O <->
MDEA + HsO"

2 EQUILIBRIUM 2H,0 <> HsO" + OH

3 EQUILIBRIUM HCOs" + HO <—> COs? +
H;O"

4 EQUILIBRIUM H)S + HO <> HS +
H5O"

5 EQUILIBRIUM HS + H,O <—> S? +
H5O"

6 KINETIC CO; + OH —> HCOs

7 KINETIC HCOs --> CO, + OH

8 KINETIC MDEA + CO; + H,O -->
MDEAH" + HCOs

9 KINETIC MDEAH" + HCO5; -->
MDEA + CO, + H,O

aunsnauagnlyluneuiFin1s ABSORBER tien1suen CO, wag H,S nufiadinmsiumslydlune
UURNn13 STRIPPER iavinsusulisanglianunsainansazaneeliufioanannnssuiunisiue
UfURn1s ABSORBER anunsatndululdndlalaenisldanuieuiiousnting CO, uaz H,S 98n31n

ansarangLpdu



UOyAHATNIVAINTNABINTFUIUNTAALANISVBAATINIMN

ToYaNONA1TO198Y ToYaNUUUTIABY
CO, mole fraction 0.0174 0.01735
in GASOUT
CO, Recovery 69% 69.79%
Loading of 0.085 0.08489
RICHOUT, mol
CO2 / mol MDEA

szuun1sHanlWTwazau¥ausIn (CHP - Combined Heat and Power) %%

>
Gl

== ,

comB EXPAND

@]

TURBO

LAUAINLUUIIADINITTLUUNSHAR I LAz AU o UTL

mandaliihuazanuseusindunisiufadinmuudssuiendandsnulugunuuduegng
PAIIUND, WAIUANUSBU LATHANNTERALNHN LSUIINAITYIINITRLAFTDNAILUNT A whd
a Ao I3 [} [~ a Al v A o o o quj <
I mifiesrusenoundnlluimuin g lunszuluniswlug nseur un1sNUILYINuUT1anItldu
nsinlndanysalalenislduiaoandiauuiandgs (Oxy-fuel Combustion) lnglddnsidiuves
wiaeandawduassrinveslsuauiaiinuiivsznevegluniadininuasyinnisiundadousiuiea
Asvaulneanlandaunduludiseuutiorinni1ss ne1dns NS WAl UNNSYINUVDILAS DITAAINUAL
(Compressor) wag Turbine TiaiusasnwUseansamnisiaulalnedisnsidiuysnie CO, ild

WuSeuay 68 vamanine CO, NHanLe

Joyanaansvain1sassszuun1sudatniuazaiusousiy

Gﬂi’]ﬂLLﬂﬂﬂ@\‘lﬁﬂizﬂ@Usﬂaﬂﬂi%U'ﬂUﬂ’]iﬂ?iLNﬁl‘Wﬁ

Stream a13Usenou 29AUTENOU
PMNUNABBY | wuushaesil
Biogas CHq 0.6 0.6
CO2 0.4 0.4
O O 1 1




CO, CO, 0.96 0.96
H,O 0.04 0.04
S1 CO, 0.576 0.574
0O, 0.269 0.271
H,O 0.021 0.020
CHq 0.134 0.135
S3 CO, 0.711 0.709
0O, 0 0
H,O 0.289 291
CHq 0 0
Compress  R-Stoic Expand  Turbo
Mw=07  PENG-ROB 1u=07 =076
MNinech = 1 Moeeh =1 Neen= 0.9

ﬁ @©® ©1e e

, I \
3 Va V=V, Ps=p1

Va=¢ Vy=

'gas exchange|

606 060

WHUNNLUUIIaBIN55EUUNSHAR I LazANNSaUSIAUSE N UM L USEANT AN

NLNUN ML AR IATIUD IdUUS  ANSURIUsranS nndldulunsaziaseanidlunuudtaasanslu
MN519 A9l

ANS19LARFUUSEANSVRIUTLANS AN

Isothermal Mechanical

Efficiency Efficiency
Compressor 0.7 1
Expander 0.7 1
turbomachinery 0.76 0.9




ANS1LERINATUlUTTUY

Biogas flow Biogas electric
[kmol/h] output with oxyfuel
combustion [kW]
PNUNAID19D9 1.39 64
WUUs a0 1.39 68

1ng Biogas electric output with oxyfuel combustion AN Prech = Pcomp + Pexpand + Pr.E.
N193ATLATUATHGIAENS



%’agaﬁ"dﬁ‘ﬂﬂwm Chemical Engineering plant Cost Index (CEPCI)

Year Chemical Engineering plant Cost Index Reference
1991 361

1992 358

1993 359

1994 368

1995 381

1996 382 [46]
1997 387

1998 390

1999 391

2000 394

2001 397

2003 402 [65]
2006 500

2007 525.4

2008 575.4 [66]
2009 521.9

2010 550.8

2017 558.3 [65]
2019 607.5 [67]




E.1 miﬁﬁuamiﬁmﬁunuqﬂnmﬁ (Equipment cost summary)

agumangunIniaztsvandunuiivedesldiedniugunsaindoualddnedmiunisinss
pUnsal MyUszanunagunsaigdinaienssznaduunisamuisududedddmiuiFudu
Tasams lesanfununisasufunisussinailagldnisiauigiuimunanmemgunsed ns
favhagunagunsaiistisfinsadesiudmivaumneaslusuunisamu Weisuifisud
USinauaysmnanfusinle

115U EUI1A1UNT0lAE M LAYAIINNITORNIUUNTEUIUNITNINAT N1TNAABINTENTS
frassnsruiunsiaifiengianngmiidunssuiunsaiiivengay Welvldnunimuas Ui
vosndnfusinudoints 91Nty SavisruTusensgUnsaifidesnislunssuiunswazdun
ponuuvRaanTAvesgUnsaifiazneuiuivanenisduiunssuiunmaai luudasd uneunas
anunsaduiunszuiunnaiifisaiaonds alnisussdiusagunsaiasiuegfuniseanuuy
nszuIunsediuazanmgmasiiunszuiumaailusagtuneu

nsAudusagUnsainng q s1aazduegiunm faunisit (1) esnduiioluusasd
Tusnesuatuiiezdasuilsiaues Chemical Engineering Plant Cost (CEPCI) Tnamnsnssaiisnanly
wazUazuanslu Appendix.. C.1 ﬁﬂﬂfﬂ’liﬂigm’lmi’]ﬂﬁqﬂﬂiﬂj uaz @15.AL91999 CEPCl 1WiNAU
607.5 faueid 2019-2021 [67]

Cbase time — CEPCIbase time

(C.1)
C2019 CEPCl3019

lagunasinvessmauuaunIaiazAalaga Aemunann1s 2 nannIskuakenfunIug
Ionanlunisasunisiweinisamu lawn

E.1.1 arsUszanasnaiaunsal Tngandendnnisnisussunaduunisasnusedeainndsde
Analysis, Synthesis, and Design of Chemical Processes, Third Edition
MsUsznafuusIngunesl aglimdnmsduinainaunsing 9 uazenas lngd1sdaann
NannN191lsde Analysis, Synthesis, and Design of Chemical Processes, Third Edition n1sUszana
AunusAtaunsal (c) Sﬁ/uaq'ﬁummﬁu (Pressure factor, F,) gunqil (Temperature factor, Fy)
wiinveaddn (Material factor, Fyy) $autune (Quantity amount of tray factor, Fg) Uagaussauy
(Capacity, A) vesgUnsalstinging Feaun15it (C.2) vudouluroulnAUR UL ZANTIAUE VBT
guUnsalfifvun Tnggunsaivialusniiu Vessel agl# Pressure factor Wiy 1 1leanudusindi 5
barg LLasLﬁammé’uqmdﬂ 5 barg AuAuAzdInasosInIgUnTal Feanursarwaldseaunisi
(C.3) Tuvuedl Pressure factor (Fp, vessa) 38uaE fUAIAMUAANTOU AILMUITOS Vessel ae191
Aurugugnansves Vessel wagannizarudu Tnsdsauuiginludadiainnuiansousiify
0.00315 wAzANUMIITBY Vessel 816U 0.0063 m Fsanunsaduindldaaunisi (C.4) [46]

log, Cop =K; + K;logi0 A + K3(logyo A)? (C.2)



logyo Fp =C; + C3logqo P + C3(logy, P)Z

(C.3)
(P+1)D
. _ @@ (09) - 12(P + 1) +0.00315 (C.a)
P,vessel 0.0063

failiilogunsaifianssouniAuiiivmun 2el38nsnadiuanegisie Tneifiusuaumed g
wUsanssuzveaiedliieg Meluanssauzvenn’esfifivun uaziflegunsalilaussousiiosning
fatusazAmegnshe Taonsldaussouzendumiisnuslunssiuinsagunan wagainsian
gunsalazgniluauinmAn Bare module cost (Cey) UszanauAnsiuatgunsal (Cp) Andan seuu
Y9 auruiuiou sTUUnTITudRAY gunsalngiadn way gunsalluin saudanisnid (Qw)
AT (C) Aruas (Crr) Aldanevialy (Co) wazAldaneidsimnssy (Co) faauns (C.5) uway
AT NUAAIANNTEMTUAILIUMIAT Bare module cost (CBM)

Cpm = B1 + B,C"p = FpyC'y (C.5)

[
[y

141l Total bare module cost in base condition (C°gy) Md@N1IEAMUAUUTIEINALAL THA
YosgUnsallu Carbon Steel 9xl¥iAn Fgy = 1

ANSILARIANNNTAINSUAILINIAT Bare module cost (Cay)

Equipment Type Equation for Bare Module Cost
Compressors and blowers Cpm = FpuCyp
Evaporators and vaporizers Cpm = FPFBMCOp
Fired heaters and furnaces Cpm = FPFTFBMCOp
Fr =1+ 0.00.18AT — 0.00000335(AT)?
AT in °C
Power recovery equipment Cem = FpuC p
Sieve trays valve trays and Cem = NFBMCOp
demister pads log,o F; =0.4771 + 0.085161og,o N — 0.3473(log,¢ N)?
for N<20 Fg=1, for N>20 F=1
Tower packing Com = FemCp

E.1.2 m'i‘iJS::mmiﬂqunmj IﬂEJmﬁ'ﬁl‘wé'ﬂn'1inﬂiﬂizuﬁmﬁ'unuﬂﬁamuﬁwﬁﬁmniﬁEN'm
Techno-Economic Analysis of Biochemical Scenarios for Production of Cellulosic Ethanol

n1sUseaasimaunsal lngerdenann1sn1suseunusIA18198991nnlsde Techno-
Economic Analysis of Biochemical Scenarios for Production of Cellulosic Ethanol 143§ ns

[V

é]gqauuﬁgmslﬁm%mﬂ%ﬁmﬁwmﬂi’a@ Stainless Steel LLaziwmqﬂﬂiai%%uagﬂuamswmﬂmamLth
vosgunsallaeily 3o mdalwiindinanldain Combustion Turbine - Electric Generator @131
munaldanaunisi (C.6) ﬁﬂﬁLLMﬁﬂﬁﬂJW@ﬁ’lﬂ’]QUﬂiﬂj Storage Tank, Storage Tank Agitator,
Anaerobic digestor 1ag Plant Air Compressor 81984991n0318971U Techno-Economic Analysis of

Biochemical Scenarios for Production of Cellulosic Ethanol [47] 57a1989 Combustion Turbine



- Electric Generator 8148 49119184971U Process Design and Economics for Techno-Economic
Analysis of Biofuels Production Based on Gasification [68], 119839 MDEA stripper tower reflux
pump Way Water stripper tower reflux pump 8198931nn15UszidusAlaglusunsy Aspen Plus
V.11 910 AspenTech, $1A1U83 Pyrolysis unit 8198431047143 48 Economic assessment of a
40,000 t/y mixed plastic waste pyrolysis plant using direct heat treatment with molten metal:
A case study of a plant located in Belgium [69], 51A1983%A Synthesis Gas Compressor, Water
intercooler Wag Air separator unit 8199 39101518491U Process Design and Economics for
Conversion of Lignocellulosic Biomass to Ethanol [70] I@aé’mi’lmﬂﬁa"mL%’W%aﬂqﬂﬂsﬂi%%
AUNNSANNABINITYRdlATInsundn

Scaling Exponent
COStoriginal _ Aoriginal (C 6)
COStscaled ANew




favuald 1 gls winfu 1.21 asaans (u Juil 19 uns1AL 2564) waz 1 UM Windy 0.033 Avaans (u Juil 13 Sunnau 2563)

Y

nIalinugu

nsUszanaTAgunsal lngedenannisn1susesnasia Blender, Ribbon Stainless Steel MUy

nsAuIusIAgUnsalluudaznsnl

and Design of Chemical Processes, Third Edition 989n3aliugIu

1

DY

180

lug79 0.7-11 m? 81989anuilsda Analysis, Synthesis,

Capaci
Equipment Name Number Required | Fr | Fq | Fp Fam (p z)ty Ky Kz Ks C% (%) Cam ($) Base Year | CEPCl in base year Cam ($) C°m ($)
m
Food waste blender 1800 1 1 1 1.12 10.91 4.14 -0.49 0.01 4292.71 8654107.21 2001 397 13242745.92 13242745.92
Cassava waste blender 1800 1 1 1 1.12 10.91 4.14 -0.49 0.01 4292.71 8654107.21 2001 397 13242745.92 13242745.92

(%

%

nsUszasIngUnIal lnganfenannisn1suseunnisnnn Filter, Disc and drum Stainless Steel NflunifnlugIe 0.9-300 m? 9198991nMlsde Analysis,

Synthesis, and Design of Chemical Processes, Third Edition %aﬁﬂiiﬁﬁugm

. Number | Diameter | Height Capacity Base CEPCI in base
Equipment Name . Fr| Fq | Fo | Fam ) Ki K2 Ks | C% (%) Cam ($) Cam ($) Cm (%)
Required (m) (m) (m?) Year year
Food waste disc and drum filter 70 25 40 1 1 1 ] 1.65 280.5 481 | -0.71 | 0.04 | 2068.55 | 238917.86 2001 397 365598.48 | 365598.48
Cassava waste disc and drum filter 70 25 40 1 1 1 ] 1.65 280.5 481 | -0.71 | 0.04 | 2068.55 | 238917.86 2001 397 365598.48 | 365598.48

n13UsEaTIA1gUnsal Vessel, Vertical Stainless Steel Usanaslugiag 0.3-520 m® vuieuluanusiulaiiin 400 barg 984 Base case lngandundnnisnsussuia

$IAND19B9NULIED Analysis, Synthesis, and Design of Chemical Processes, Third Edition maamzﬁﬁugm

CEPCI
. . . Designing . .
Equipment Number | Diameter | Height Capacity Base in
. Fr | Fq | Pressure Fp Fm 5 K1 Kz Ks C% ($) By B2 Cawm (%) Cam ($) C%m (%)
Name Required (m) (m) (m?) Year | base
(barg)
year
Food waste
water 1 0.91 3.66 1 1 1.03 1 3.11 2.4 35| 045 | 0.11 4826.54 225 | 1.82 38178.9 2001 397 58422.37 30059.8
separator
Cassava
waste water 1 1.37 3.66 1 1 1.03 1 3.11 5.4 35| 045 | 0.11 7650.68 225 | 1.82 60518.38 2001 397 92606.85 47648.59
separator




Equipment
Name

Number
Required

Diameter

(m)

Height
(m)

Fr

Designing
Pressure
(barg)

Fm

Capacity

(m?)

K1

Kz

Ks

Cp (9

B:

B2

Cam ($)

Base
Year

CEPCI

base

year

Cam ($)

Cm (%)

MDEA
absorber

tower

2.44

22.86

243

1.28

3.11

106.75

3.5

0.45

0.11

70632.32

2.25

1.82

672170.69

2001

397

1028573.54

439899.67

MDEA
stripper

tower

2.44

579

243

1.28

3.11

27.04

3.5

0.45

0.11

22905.55

2.25

1.82

217980.08

2001

397

333558.95

142656.27

MDEA
stripper
tower
condenser

accumulator

0.91

2.74

471

1.8

3.5

0.45

0.11

4159.71

2.25

1.82

32904.15

2001

397

50350.8

25906.77

Water
scrubbing

tower

1.22

579

572

1.27

3.11

6.76

3.5

0.45

0.11

8783.11

2.25

1.82

82833.67

2001

397

126754.3

54701.38

Acid gas
flash

separator

0.91

3.66

243

3.11

24

35

0.45

0.11

4826.54

2.25

1.82

38178.9

2001

397

58422.37

30059.8

Water
stripper

tower

0.91

19.51

471

12.81

3.5

0.45

0.11

13362.42

2.25

1.82

105699.43

2001

397

161744.09

83221.47

Water
stripper
tower
condenser

accumulator

0.91

2.74

471

1.8

3.5

0.45

0.11

4159.71

2.25

1.82

32904.15

2001

397

50350.8

25906.77

Flue gas
flash

separator

0.91

3.66

243

24

35

0.45

0.11

4826.54

2.25

1.82

38178.9

2001

397

58422.37

30059.8

CBG flash

separator

0.91

3.66

243

3.11

24

35

0.45

0.11

4826.54

2.25

1.82

38178.9

2001

397

58422.37

30059.8

CBG Storage

3.11

75.4

35

0.45

0.11

52230.73

2.25

1.82

826311.09

2001

397

826311.09

650588.38




nsUszanasIneUnsal Ingendenannisnisuszanasim Tower Packing 4iln M107YB 1 Tower Packing, 304 SS Stainless Steel fiflUsu9 0.03 - 628 m®
999991ANILIED Analysis, Synthesis, and Design of Chemical Processes, Third Edition suaqmajﬁugm

CEPCl in
. Number | Diameter | Height Capacity Base
Equipment Name . Fr| Fq | Fo | Fem 5 Ky Kz Ks C° ($) Cam ($) base Cam (%) Com ($)
Required (m) (m) (m?) Year
year
MDEA absorber tower tower
K 244 22.86 1 1 1 7.1 106.75 33 | 097 | 0.01 199057.38 1413307.39 2001 397 2162680.71 2162680.71
packing
MDEA stripper tower tower packing 1 244 5.79 1 1 1 7.1 27.04 33 | 097 | 0.01 50884.66 361281.11 2001 397 552842 552842
Water scrubbing tower tower
K 1 1.37 24.69 1 1 1 7.1 36.48 33 | 097 | 0.01 68450.46 485998.28 2001 397 743687.54 743687.54
packing
Water stripper tower tower packing 1 1.22 5.79 1111171 6.76 33 | 097 | 0.01 12955.35 91982.99 2001 397 140754.82 140754.82

Aa

n1sUszansIngunsal lngedenannisn1suseuiasnnl Compressor, Centrifugal Stainless Steel 7131 Fluid power lutad 450 - 3000 kW 8148491nv1i9d e
Analysis, Synthesis, and Design of Chemical Processes, Third Edition ‘U@Qﬂiiﬁﬁugm

Designin
. Number sning Capacity Base | CEPCI in base
Equipment Name ) Fr | Fq Pressure Fo | Fam Ki K | Ks Cp($) Cem ($) Cem (8) Csm ($)
Required (kw) Year year
(barg)

Biogas Compressor 1 1 1 1.01 1|58 450 229 | 1.36 | -0.1 | 150027.16 | 870157.53 | 2001 397 1331538.29 1331538.29
Acid gas compressor 1 1 1 7.61 1158 450 229 | 1.36 | -0.1 | 150027.16 | 870157.53 | 2001 397 1331538.29 1331538.29
Oxygen compressor 1 1 1 1.01 1|58 450 229 | 1.36 | -0.1 | 150027.16 | 870157.53 | 2001 397 1331538.29 1331538.29

CO, compressor 1 1 1 2.03 1|58 450 229 | 1.36 | -0.1 | 150027.16 | 870157.53 | 2001 397 1331538.29 1331538.29

nsUszanusIAgUnsal Ingedendnn1snisuseuaisian Pump, Centrifugal Stainless Steel 75l Shaft power Tug29 0.9 - 300 kW uuauduldiAu 10 - 100

barg 9148991AN1ED Analysis, Synthesis, and Design of Chemical Processes, Third Edition 6U§J\‘1ﬂ3iﬁﬁ1&§’1‘lé

CEPCI
Designing . .
. Number Capacity Base in

Equipment Name . Fr | Fq | Pressure Ci | G| G| Fp| Fm Ki K2 Ks Cp (9 B: B2 Cam ($) Cem (%) Csm (8)

Required (kw) Year | base

(barg)

year
MDEA pump 1 1 1 243 -039 | 04| 0 1123 13.2 339 | 0.05 | 0.15 4389.21 1.89 | 1.35 21924.12 2001 397 33548.87 21761.43
Rich MDEA pump 1 1 1 2.43 -0.39 [ 041 0 1123 6.85 339 | 0.05 | 0.15 3477.93 1.89 1.35 17372.28 2001 397 26583.53 17243.37
Scrub water pump 1 1 1 243 -039 | 04| 0 1123 2.57 339 | 0.05 | 0.15 2736.26 1.89 | 1.35 13667.63 2001 397 20914.57 13566.21
Rich water pump 1 1 1 0 -039 104 0 1123 393 3.39 | 0.05 | 0.15 2987.87 1.89 | 1.35 14924.39 2001 397 22837.7 14813.64
Lean water pump 1 1 1 2.43 -039 {041 0 1123 88.72 339 | 0.05 | 0.15 | 11946.45 | 1.89 1.35 59672.49 2001 397 91312.44 59229.69




CEPCI
Designing . .
Number Capacity Base in

Equipment Name ) Fr | Fq | Pressure Ci | G |G |F| Fm Ki K2 Ks C%p (%) B: B2 Cam ($) Cawm ($) Cm (%)

Required (kw) Year | base

(barg)

year
Utility water pump 1 1 1 1 2.43 -0.39 [ 041 0 1123 2.58 3.39 | 0.05 | 0.15 2737.84 1.89 1.35 13675.49 2001 397 20926.61 13574.02
Utility water pump 2 1 1|1 0 039|041 0| 1|23 3.79 339 | 0.05 | 0.15 | 2962.84 | 1.89 | 1.35 | 14799.37 | 2001 397 22646.4 14689.55

n1sUseausA1gunsal lnge1dendnniin1suseannsIan Heat exchanger, U-tube (both shell and tube) Shell - Stainless Steel, Tube - Stainless Steel Tk
Wuilunsuaniuasuanudeulugae 10 - 1000 m? vudeuluanuaulugae 5 - 140 barg 8199931nutledEe Analysis, Synthesis, and Design of Chemical Processes,

Third Edition vansaliiug1u

. Designing . CEPCl in
Equipment | Number Capacity . Base ;
. Fr Fq Pressure C Cy Cs Fp Fm 2 K1 Kz Ks C p %) B; B> Cam O] base Cam O] C°sm ()
Name Required (m?) Year
(barg) year

MDEA

heat 1 1 1 7.61 0.04 | -0.11 | 0.08 | 1.01 | 2.73 35.73 419 | -025 | 0.2 18871.24 | 1.63 | 1.66 | 116877.77 | 2001 397 178849.48 95006.25
eater

Rich MDEA

heat 1 1 1 7.61 0.04 | -0.11 | 0.08 | 1.01 | 2.73 77.35 419 | -025 | 0.2 26284.74 | 1.63 | 1.66 | 162792.74 | 2001 397 249109.8 132329.08
eater

MDEA

stripper

; 1 1 1 2.43 0.04 | -0.11 | 0.08 1 2.73 61.2 419 | -025 | 0.2 23516.47 | 1.63 | 1.66 | 144903.79 | 2001 397 221735.65 118392.4
ower

condenser

MDEA

stripper

; 1 1 1 7.61 0.04 | -0.11 | 0.08 | 1.01 | 2.73 423.99 419 | -025 | 0.2 78239.22 | 1.63 | 1.66 | 484569.33 | 2001 397 741500.92 393891.12
ower

reboiler
Lean MDEA

heat 2 1 1 4.16 0.04 | -0.11 | 0.08 1 273 837.86 419 | -0.25 | 0.2 | 13915595 | 1.63 | 1.66 | 1714902.23 | 2001 397 1714902.23 | 1401146.16
eater

Acid gas

heat 1 1 1 7.61 0.04 | -0.11 | 0.08 | 1.01 | 2.73 11.41 419 | -0.25 | 0.2 1394491 | 1.63 | 1.66 86366.86 2001 397 132160.87 70204.89
eater

Rich water

heat 1 1 1 7.61 0.04 | -0.11 | 0.08 | 1.01 | 2.73 21.9 419 | -025 | 0.2 16128.72 | 1.63 | 1.66 99892.13 2001 397 152857.6 81199.16
eater

Water

» 1 1 1 3.47 0.04 | -0.11 | 0.08 1 273 67.58 419 | -0.25 | 0.2 2462338 | 1.63 | 1.66 | 151724.33 | 2001 397 232172.62 123965.06
stripper




. Designing . CEPClin
Equipment | Number Capacity Base
) Fr | Fq | Pressure C C, Cs Fo Fu ) Ky Kz Ks C° (%) B, B Cam ($) base Cam (%) Com ($)
Name Required (m?) Year
(barg) year
tower
condenser
Water
stripper
; 1 1 1 7.61 0.04 | -0.11 | 0.08 | 1.01 | 2.73 380.92 4.19 | -0.25 0.2 71984.12 | 1.63 | 1.66 | 445828.81 2001 397 682219.15 362400.18
ower
reboiler
Lean water
l 1 1 1 4.16 0.04 | -0.11 | 0.08 1 2.73 196.79 4.19 | -0.25 0.2 44979.25 | 1.63 | 1.66 | 277153.12 | 2001 397 424107.11 226445.58
cooler
Internal
heat 1 1 1 5.93 0.04 | -0.11 | 0.08 1 2.73 25.41 4.19 | -0.25 0.2 16843.14 | 1.63 | 1.66 103885.84 | 2001 397 158968.89 84795.88
exchanger
Fuel gas
heat 1 1 1 7.61 0 0 0 1 2.73 1.71 3.34 | 0.27 | -0.05 2546.92 1.74 | 1.55 15208.95 2001 397 23273.14 12822.35
eater
CBG heater 1 1 1 7.61 0 0 0 1 2.73 1 334 | 0.27 | -0.05 2210.04 1.74 | 1.55 13197.25 2001 397 20194.78 11126.32
L3 % % . . . ' ¥ a
nsUszRsIMaUnTel lnganfenannisn1suseunnsInn Heat exchanger, Double pipe, 40 >= P - Stainless Steel, Tube - Stainless Steel MdWuUARLIWN1S

wanidsuausoulute 1 - 10 m? vukouleauduliiiu 40 barg 9198991AnIED Analysis, Synthesis, and Design of Chemical Processes, Third Edition 98356l

&
WU
Designing
Equipment Number Capacity Base | CEPClin base
. Fr | Fq Pressure C |G |G |F| Fm 5 K1 Kz Ks C% ($) B1 B2 Cam ($) Cawm ($) C%m (%)
Name Required (m?) Year year
(barg)
Fuel gas heater 1 1 1 7.61 1 |273 1.71 334 | 0.27 | -0.05 | 2546.92 | 1.74 | 1.55 | 15208.95 | 2001 397 15208.95 | 12822.35
CBG heater 1 1 1 7.61 11273 1 3.34 | 0.27 | -0.05 | 2210.04 | 1.74 | 1.55 | 13197.25 | 2001 397 13197.25 | 11126.32
nsUszasIMaUnIal lnganfenannisn1suseunnsInn Turbine, Axial Turbine, Axial 713 Fluid power Tu%39 100-1000 kW 8148931n9tisde Analysis,
Synthesis, and Design of Chemical Processes, Third Edition %aﬂﬂiiﬁﬁugm
. Number Capacity Base CEPCl in
Equipment Name . Fr | Fq | C1 | C2 | C3 | Fp | Fem K1 Kz Ks C% (9) Cam ($) Cam ($) Com ($)
Required (kw) Year base year
Fuel gas Turbine 1 1 1 0 0 0 1 6.13 100 2.71 1.44 -0.18 74868.65 458944.82 2001 397 702289.62 702289.62




nsUszausIngUnIal lneaAenannisn1suseunnsIni Screen, Rotary Stainless Steel N3ifiui
Design of Chemical Processes, Third Edition maaﬂﬁa‘iﬁugm

(%
=

NUIRNR

DY

0.3 - 14 m? 9198991 TNED Analysis, Synthesis, and

CEPCI
. Number Diameter Height Capacity Base | .
Equipment Name . Fr | Fq | Fo | Fem 5 K1 K2 Ks C% (%) Cam ($) in base | Cam (8) | C%m (8)
Required (m) (m) (m?) Year
year
Food waste rotary screen 1 1 1 1 1.34 3.14 4.05 -0.89 0.33 4869.73 6525.44 2001 397 9985.4 9985.4
Cassava waste rotary screen 1 1 1 1 1.34 3.14 4.05 -0.89 0.33 4869.73 6525.44 2001 397 9985.4 9985.4

nsUszRsIngUnIal lngefenannisnsuseanasal Tank, Floating Roof Stainless Steel fiTUSIMS 1000-40000 m? VuANRUlEAY 0.07 barg 81984
NUSED Analysis, Synthesis, and Design of Chemical Processes, Third Edition Guaﬂﬂiiﬁﬁug’lu

. Number Diameter | Height Capacity Base CEPCl in
Equipment Name . Fr| Fq | Fp | Fm 5 Ky Kz Ks Cp (9 B:i | Bz Cam (%) Cem (8) Cosm ($)
Required (m) (m) (m°) Year base year
Food waste biogas
) 3 5 8 11 ] 1 |311 | 1696.46 | 596 | -0.76 | 0.17 | 214432.09 | 1.1 | O 707625.89 | 2001 397 1082828.03 | 1082828.03
storage
Cassava waste biogas
) 6 5 8 1 1] 1 |311| 226195 | 596 | -0.76 | 0.17 | 240102.38 | 1.1 | O 1584675.7 | 2001 397 2424913.06 | 2424913.06
storage
Fuel gas storage 8 9 15 111 ] 1311 1000 596 | -0.76 | 0.17 | 180011.4 | 1.1 | O | 1584100.29 | 2001 397 2424032.55 | 2424032.55
Oxygen storage 100 5 8 1 1 1 | 311 | 2199.11 | 596 | -0.76 | 0.17 | 237326.69 | 1.1 | 0 | 26105936.39 | 2001 397 39948000.9 | 39948000.9
CO; storage 5 5 111 ] 1311 1570.8 | 5.96 | -0.76 | 0.17 | 208486.75 | 1.1 | 0 | 1032009.39 | 2001 397 1579208.33 | 1579208.33
Hot gas storage 8 5 1 1 1] 311 1000 596 | -0.76 | 0.17 | 1800114 | 11| O 1584100.29 | 2001 397 2424032.55 | 2424032.55

miilszmmwmqilmai lngafenann1snI1sUsEUIasIAN Tank, Fixed Roof Stainless Steel MUSHIMS 90-30000 m® vuAuauliiY 0.07 barg 919949910
#ti9d@e Analysis, Synthesis, and Design of Chemical Processes, Third Edition Guaﬂﬂiiﬁﬁug’lu

. Number | Diameter | Height Capacity . Base CEPClI in base ;
Equipment Name . Fr|Fq | Fo| Fm 5 Ky K: | Ks Cp ($) B: | Bz Cem ($) Cam ($) Csm (8)
Required (m) (m) (m°) Year year
Food waste storage 3 25 40 111 |1 |311 | 1963495 | 485 | -0.4 | 0.14 | 643323.61 | 1.1 | O | 212296791 | 2001 397 3248622.18 | 3248622.18
Cassava waste storage 8 25 a0 1] 1 |1 |311 | 1963495 | 485 | -0.4 | 0.14 | 643323.61 | 1.1 | O | 5661247.75 | 2001 397 8662992.47 | 8662992.47
Water supply 2 111131 226.19 485 | -0.4 | 0.14 52061 1110 114534.2 2001 397 175263.29 175263.29
MDEA storage 5 5 8 111131 157.08 485 | -0.4 | 0.14 | 4734747 | 1.1 | 0 | 260411.08 2001 397 398487.98 | 398487.98




mﬁﬂizmms’]mqﬂﬂﬁﬂj lago1denann1IN1TUTEUINIINID198991n 518971 Techno-Economic Analysis of Biochemical Scenarios for Production of Cellulosic
Ethanol v@InsalNugIY

. . New Original . Original CEPCI . Scaled Cost . Installed Cost | Purchase Installed
Equipment Equipment Number . . Size . Base | . Scaling . Installation | |
. scaling scaling . Equip cost in base in Base Year in Base Year Cost Cost
Name Name Required ratio year Exponent factor
(kg/hr) (kg/hr) %) year %) ) O] O]
Food waste
) Storage Tank 1 1616.01 2039 0.79 88100 1997 387 0.79 73317.41 14 102644.37 115091.28 161127.79
mixer
Food waste Storage Tank
) . ; 1 1066.66 41777 0.03 12551 1996 382 0.51 1933.28 1.2 2319.93 3074.52 3689.42
mixer Agitator Agitator
Food waste )
Anaerobic
Anaerobic Divest 1 808005 810250 1 881081 1998 390 0.51 879835.11 1.04 915028.52 1370512.39 | 1425332.88
igestor
reactor s
Cassava waste
. Storage Tank 1 1616.01 2039 0.79 88100 1997 387 0.79 73317.41 1.4 102644.37 115091.28 161127.79
mixer
Cassava waste Storage Tank
. . ; 1 1066.66 41777 0.03 12551 1996 382 0.51 1933.28 1.2 2319.93 3074.52 3689.42
mixer Agitator Agitator
Cassava waste
Anaerobic
Anaerobic Dicest 1 533332 810250 0.66 881081 1998 390 0.51 711850.71 1.04 740324.74 1108844.38 | 1153198.15
igestor
reactor s
MDEA stripper
tower reflux 1 4800 6.52 31300 4800 31300
pump
Water stripper
tower reflux 1 4800 6.5 31200 4800 31200
pump
Fuel Plant Air
1 14349.25 98040 0.15 278200 2000 394 0.34 144744.44 1.3 188167.77 223178.29 290131.78
compressor Compressor
Combustion
Turbine -
Gas turbine 1 Electri 1 2.86 21.02 0.14 5056300 2007 525.4 0.81 1006154.43 1.2 1207385.31 1163378.02 | 1396053.63
ectric
Generator
Combustion
Turbine -
Gas turbine 2 Electri 1 2.82 21.02 0.13 5056300 2007 525.4 0.81 992381.29 1.2 1190857.55 1147452.67 1376943.2
ectric

Generator




. . New Original . Original CEPCI . Scaled Cost . Installed Cost | Purchase Installed
Equipment Equipment Number . . Size . Base | . Scaling . Installation | |
scaling scaling Equip cost in base in Base Year in Base Year Cost Cost
Name Name Required ratio year Exponent factor
(kg/hr) (kg/hr) %) year %) ) O] O]
CBG Synthesis Gas
2 1243.29 35549.89 0.03 38716300 | 2010 550.8 0.8 5295543.97 1.8 9531979.15 5840673.5 | 10513212.29
compressor 1 Compressor
1st stage water
CBG cooler 1 1 29.84 5034881.29 0 128506 2007 525.4 0.65 51.43 221 113.67 59.47 131.43
intercooler
2nd stage water
CBG cooler 2 ] 1 29.84 2902994.62 0 70035 2007 525.4 0.65 40.09 2.78 111.46 46.36 128.88
intercooler
3rd stage water
CBG cooler 3 1 29.84 1995808.8 0 49835 2007 525.4 0.65 36.4 3.18 115.74 42.08 133.83
intercooler
4th stage water
CBG cooler 4 1 29.84 1496856.6 0 45735 2007 525.4 0.65 40.27 3.79 152.63 46.56 176.48
intercooler
5th stage water
CBG cooler 5 1 29.84 1496856.6 0 50935 2007 525.4 0.65 44.85 4.9 219.76 51.86 254.1
intercooler
Pyrolysis unit Pyrolysis unit 1 33155.68 40000 0.83 8789000 2019 607.5 0.6 7853048.19 1 7853048.19 7853048.19 | 7853048.19
Food waste
; Storage Tank 5 1616.01 2039 0.79 88100 1997 387 0.79 366587.03 1.4 513221.85 575456.39 805638.94
storage
Cassava waste
N Storage Tank 8 1066.66 2039 0.52 88100 1997 387 0.79 422443 14 591420.2 663137.27 928392.18
storage
P-oil storage Storage Tank 1 2993.22 2039 1.47 88100 1997 387 0.79 119312.51 1.4 167037.52 187292.9 262210.06

nsdiAnunil 1-3 mnﬂﬁauuﬂawmﬂu,azsqﬂwaﬂqﬂnsﬂﬂunszmums Combined heat and power unit Lﬁaaaﬂnnﬂsﬂ%'uﬂgeLﬁuﬁqé’amswﬁmlw%wm
Gas Turbine #28M3IUNdUVaILRE CO, iilanauauaIranufaen s RuBuvas Air separation unit
nsUsEAIIANgUnsal Vessel, Vertical Stainless Steel Usanaslutag 0.3-520 m? vudeuluausuliiiy 400 barg ve4 Base case lngofndnnisnisuszana
S1A1DN9DIANN YD Analysis, Synthesis, and Design of Chemical Processes, Third Edition %aﬁﬂiiﬁﬁﬂmﬁ 1-3

CEPCI
. . . Designing . ‘
Equipment Number | Diameter | Height Capacity Base in
. Fr | Fq | Pressure Fp Fm 3 K1 Kz Ks Cp (%) By B2 Cam ($) Cam (3) Cm (%)
Name Required (m) (m) (m°) Year | base
(barg)
year
Flue gas
flash 1 0.91 3.66 1 1 243 1 3.11 2.4 35| 045 | 0.11 4826.54 225 | 1.82 38178.9 2001 397 58422.37 30059.8
separator




miﬂizmmi’lmqﬂﬂiaj 1nge 1A ENaNN1TNITUTENIUIIAT Heat exchanger, U-tube (both shell and tube) Shell - Stainless Steel, Tube - Stainless Steel TR

wunRalunswanasuauiouludag 10 - 1000 m? vuoulaaudulugig 5 - 140 barg vansalugIu §198991nUllsde Analysis, Synthesis, and Design of Chemical
Processes, Third Edition va4nsal@nw1n 1-3

. Designing . CEPCl in
Equipment | Number Capacity Base
. Fr Fq Pressure Cy C, Cs Fp Fm 2 Ki Kz K3 Cop (O] B B, Cam () base Cam ($) Csm (5)
Name Required (m?) Year
(barg) year
Internal
heat 1 1 1 5.93 0.04 | -0.11 | 0.08 | 1 | 2.73 9.7 4.19 | -0.25 | 0.2 | 3709.35 | 1.63 | 1.66 | 22150.41 2001 397 33895.15 18674.54
exchanger

msUszanasagunsal Tngorfendnnisnisuszanaisian Pump, Centrifugal Stainless Steel 131 Shaft power Tur23 0.9 - 300 kW vuaufulsiiAL 10 - 100

barg 919999 1NNUIED Analysis, Synthesis, and Design of Chemical Processes, Third Edition maﬂﬂiiﬁﬁﬂmﬁ 1-3

CEPCI
Designing . .
. Number Capacity Base in

Equipment Name ) Fr | Fq| Pressure | Ci | Co | G| Fp | Fm Ki Kz Ks Cp (9 B: Bz Cem (%) Cem (8) Csm ($)

Required (kw) Year | base

(barg)

year
Utility water pump 1 1 111 2.43 -039 104 |0 | 1|23 2.18 339 | 005 | 0.15 | 2660.77 | 1.89 | 1.35 13290.55 2001 397 20337.56 | 13191.93
Utility water pump 2 1 1 1 0 -039 |04 | 0 1123 3.2 339 | 0.05 | 0.15 2854.64 1.89 1.35 14258.93 2001 397 21819.39 14153.12

n1sUszanusIngunsal lneedenannisn1suseuiasnnl Compressor, Centrifugal Stainless Steel 7131 Fluid power luta9 450 - 3000 kW 8198491n%11i9d 8

Analysis, Synthesis, and Design of Chemical Processes, Third Edition YoINsAFnT 1-3

Designin
. Number sning Capacity Base | CEPCl in base
Equipment Name . Fr | Fq Pressure Fo | Fam Ky K2 Ks C° (%) Cam (%) Cem (%) Csm (8)
Required (kw) Year year
(barg)
Oxygen
1 1 1 1.01 1] 58 450 229 | 1.36 | -0.1 | 150027.16 | 870157.53 | 2001 397 1331538.29 1331538.29
compressor
CO, compressor 1 1 1 2.03 1] 58 450 229 | 1.36 | -0.1 | 150027.16 | 870157.53 | 2001 397 1331538.29 1331538.29




n15Useu151A19UN583 Combined heat and power unit LawidiaIN1sHaalNi1v99 Gas Turbine fien1sIuNdUTBILfa CO, Ingo1funann1sn1sussua
3119198991 518971U Techno-Economic Analysis of Biochemical Scenarios for Production of Cellulosic Ethanol ¥esnsaifineil 1-3

Original
. . New Original . s . CEPCl in . Scaled Cost . Installed Cost | Purchase Installed
Equipment Equipment Number . . Size Equip Base Scaling . Installation | |
. scaling scaling . base in Base Year in Base Year Cost Cost
Name Name Required ratio cost year Exponent factor
(kg/hr) (kg/hr) © year O] (%) ) ¥
Fuel Plant Air
14349.25 98040 0.15 278200 2000 394 0.34 144744.44 1.3 188167.77 223178.29 290131.78
compressor Compressor
Combustion
Turbine -
Gas turbine 1 Electri 5.33 21.02 0.25 5056300 2007 525.4 0.81 1663613.46 1.2 1996336.15 1923572.85 | 2308287.42
ectric
Generator
Combustion
Turbine -
Gas turbine 2 Electri 476 21.02 0.23 5056300 2007 525.4 0.81 1518174.94 1.2 1821809.93 1755407.83 | 2106489.4
ectric
Generator

nsfiAnu? 1-3 nMsindununisasugUnsaldmsunszuIunIs Air separation unit ianauduassianufanIskidaandaulunszuaunis Combined
heat and power unit waz wialulastaulunszuaunis Pyrolysis

miﬂizmmi’lmqﬂﬂiaj Air Separation Unit Tag@1Aunann13n13U52u10151A187198 9971518974 Techno-Economic Analysis of Biochemical Scenarios for

Production of Cellulosic Ethanol %aﬂﬂﬁﬁﬁﬂmﬁ 1-3

Total
. Original . Installed
New Original original Scaled Purchase Installed
Equipment Number . . . . Equip CEPCl in . Scaling . Installation Cost in
. scaling scaling Size ratio Base year Equip Cost in Cost Cost
Name Required cost base year R Exponent factor Base Year
(kg/hr) (kg/hr) Cost in Base Year O] (%)
) (%)
Base Year
Air
1092.84 2313 0.47 3119600 2007 525.4 6239200 0.6 3978852.45 1.2 4774622.94 | 4600595.47 | 5520714.57
compressor
Air cooler 2 1092.84 2313 0.47 24300 2007 525.4 24300 0.6 15496.56 3.02 46799.6 17918.08 54112.59
Oxygen
compressor 1 250.18 596.18 0.42 23000 2007 525.4 23000 0.6 13659.97 3.02 41253.12 15794.51 47699.42
cooler 1




Equipment
Name

Number
Required

New
scaling
(kg/hr)

Original
scaling
(kg/hr)

Size ratio

Original
Equip
cost

%

Base year

CEPCl in

base year

Total
original
Equip
Cost in

Base Year

Scaling

Exponent

Scaled
Cost in
Base Year

Installation
factor

Installed
Cost in

Base Year

%

Purchase
Cost
(%)

Installed
Cost
(%)

Oxygen
compressor

cooler 2

250.18

596.18

0.42

23000

2007

525.4

23000

0.6

13659.97

3.02

41253.12

15794.51

47699.42

Oxygen

compressor

250.18

596.18

0.42

1514700

2007

5254

3029400

0.6

1799196.88

1.2

2159036.25

2080342.79

2496411.35

High
Pressure
Column

Condenser

483.37

1744

0.28

20300

2007

5254

20300

0.6

9400.22

3.02

28388.67

10869.12

32824.73

High
Pressure
Column

Condenser
Accumulator

483.37

1744

0.28

36300

2007

525.4

36300

0.6

16809.26

3.02

50763.97

19435.91

58696.44

High
Pressure
Column

Reflux Pump

483.37

1744

0.28

14300

2007

5254

14300

0.6

6621.83

1.2

7946.2

7656.57

9187.88

High
Pressure
Column

Tower

1092.84

2198

0.5

279900

2007

5254

279900

0.6

184043.55

1.2

220852.26

212802.54

255363.05

Air
compressor

intercooler 1

1092.84

2313

0.47

19600

2007

525.4

19600

0.6

12499.28

3.02

37747.83

14452.44

43646.37

Air
compressor

intercooler 2

1092.84

2313

0.47

19600

2007

525.4

19600

0.6

12499.28

3.02

37747.83

14452.44

43646.37

Air
compressor

intercooler 3

1092.84

2313

0.47

19600

2007

525.4

19600

0.6

12499.28

3.02

37747.83

14452.44

43646.37




Total
. Original . Installed
New Original original Scaled Purchase Installed
Equipment Number . . . . Equip CEPCl in . Scaling . Installation Cost in
. scaling scaling Size ratio Base year Equip Cost in Cost Cost
Name Required cost base year . Exponent factor Base Year
(kg/hr) (kg/hr) Cost in Base Year (¥ O]
(4 (%)
Base Year
Low
Pressure
ol 1 250.18 569 0.44 1538900 2007 525.4 3077800 0.6 1879842.85 3.02 5677125.4 2173590.66 | 6564243.78
olumn
Reboiler
Low
Pressure
ol 2 1092.84 2313 0.47 30100 2007 525.4 30100 0.6 19195.32 3.02 57969.88 22194.82 67028.36
olumn
Tower
Water
Knock-out 1 250.18 569 0.44 30100 2007 525.4 30100 0.6 18384.32 3.02 55520.66 21257.09 64196.42
Drum 1
Gas
1 1092.84 2198 0.5 89200 2007 525.4 178400 0.6 117303.92 3.02 354257.85 135634.06 409614.86
expander
Water
Knock-out 2 842.66 1744 0.48 64800 2007 525.4 64800 0.6 41883.21 3.02 126487.28 48427.95 146252.42
Drum 2

FIAEMTUNISAIUINSIAIAUNEEUNTal Air separation unit 8198431N51847U Process Design and Economics for Conversion of Lignocellulosic Biomass to
Ethanol [70] Ingdayasnsinisivauidaies Air separation unit #eieenistulasinisiiaglaainnisdnasnseuiunsiiulusunsy Aspen Plus V.11 910 AspenTech

nizﬁﬁﬂw’l‘ﬁ 3 n’m‘ﬁu Heat integration dewa&iaﬁwmum‘%aﬂ Heat exchanger A1 UATUNTZUIUNITATHER

Tunsdifinwd 3 189 Heat integration lunszurunisiafivedtasenis Tagllfinsdsuutadlunszuiunis Pyrolysis wae Air separation N1sAuINTIAgUNIal
Tunsdifinudl 3 asgnisauniguligunsainnalieeniuedssanisuaudouasiinuautfuazsiaduyuaunsallsivdeunuas 91nn13vi Heat integration dsnaly
97U Heat exchanger WudwilolfiAn msuaniUasuanudausEninenssuansTuILNg miﬁ’ﬂmmﬂizLﬁui']masmdﬂUﬁammm%yjaﬂ%mmﬁuﬁﬁaﬁﬂﬁumi
LLaﬂLﬂﬁaumm%uﬁuaa Heat exchanger Viﬁ’lLﬂuﬁgﬂwmﬂiuﬂizmumwéjﬂ ¥nLIU CBG cooler 1-5, Fuel gas heater, CBG heater dnsumunaTIsauanlusLATy Aspen
Energy Analyzer V.11 910 AspenTech IuﬁumzﬁﬁmmmLﬂ%maﬂLﬂ§aumm%fauﬁ”’wmiuizungﬂﬁwuamiuaiﬁqmwswaﬁﬂzLLamm'alUﬁ



miﬂizmmmmﬁgﬂﬂiﬂj lage1Aanann15N15UTEU10UIAT Heat exchanger, U-tube (both shell and tube) Shell - Stainless Steel, Tube - Stainless Steel Tk
nunRalunswandsuauioulutag 10 - 1000 m? vudeulyauaulugig 5 - 140 barg vaansalugu §198991nUliede Analysis, Synthesis, and Design of Chemical

Processes, Third Edition U84nSMANEN 3

. Designing . CEPCl in
Equipment | Number Capacity Base
. Fr | Fq Pressure C C2 Cs Fo Fu ) Ky Kz | Ks | C%($) B, B Cam ($) base Cam (%) Com ($)
Name Required (m?) Year
(barg) year
Heat
exchanger 18 111 7.61 0.04 011 0.08 | 1.01 | 2.73 365.02 4.19 0.05 0.2 | 69675.08 | 1.63 | 1.66 | 7727830.32 | 2001 397 7727830.32 | 6313957.48
unit ‘ ‘

nsUsERsIMaUnTal lnganfenannisn1suseunnsInn Heat exchanger, Double pipe, 40 >= P - Stainless Steel, Tube - Stainless Steel dWuUARLIUN1S
waniUasumusauluge 1 - 10 m? vudeulyauduliiiv 40 barg veenstliugIu 9198991n1isde Analysis, Synthesis, and Design of Chemical Processes, Third

Edition
Designing

Equipment Number Capacity Base | CEPCIin base

. Fr | Fq Pressure C |G |G |Fp| Fm 5 K1 Kz Ks C% (%) By B> Cam ($) Cam (%) Cm (%)
Name Required (m?) Year year
(barg)

Fuel gas heater 1 1 1 7.61 0 0 0 11273 1.71 334 | 0.27 | -0.05 | 2546.92 | 1.74 | 1.55 | 15208.95 | 2001 397 15208.95 | 12822.35
CBG heater 1 1 1 7.61 0 0 0 11273 1 334 | 0.27 | -0.05 | 2210.04 | 1.74 | 1.55 | 13197.25 | 2001 397 13197.25 | 11126.32

nsUsERIIMgUnIal Ingandenann1sn1suseunnsIne19899In5189u Techno-Economic Analysis of Biochemical Scenarios for Production of Cellulosic

Ethanol v@InTalNugIy

Scaled
. . New Original . Original CEPCl in . . . Installed Cost | Purchase Installed
Equipment Equipment Number . . Size . Base Scaling Cost in Installation | |
. scaling scaling . Equip cost base in Base Year Cost Cost
Name Name Required ratio year Exponent Base Year factor
(kg/hr) (kg/hr) (%) year © (%) (%) (%)
1st stage water
CBG cooler 1 ) 1 29.84 5034881.29 0 128506 2007 525.4 0.65 51.43 2.21 113.67 59.47 131.43
intercooler
2nd stage water
CBG cooler 2 ) 1 29.84 2902994.62 0 70035 2007 525.4 0.65 40.09 2.78 111.46 46.36 128.88
intercooler
3rd stage water
CBG cooler 3 ) 1 29.84 1995808.8 0 49835 2007 525.4 0.65 36.4 3.18 115.74 42.08 133.83
intercooler




Scaled
. . New Original . Original CEPCl in . . . Installed Cost | Purchase Installed
Equipment Equipment Number . . Size . Base Scaling Cost in Installation |
. scaling scaling . Equip cost base in Base Year Cost Cost
Name Name Required ratio year Exponent | Base Year factor
(kg/hr) (kg/hr) (%) year ©) O] O] O]
4th stage water
CBG cooler 4 ) 1 29.84 1496856.6 0 45735 2007 525.4 0.65 40.27 3.79 152.63 46.56 176.48
intercooler
5th stage water
CBG cooler 5 ) 1 29.84 1496856.6 0 50935 2007 525.4 0.65 44.85 4.9 219.76 51.86 254.1
intercooler

E.2 mﬁmiﬁzﬁﬁuﬂuﬂﬁamu (Investment cost summary)

a ¢ . . ad
A17987UN19AT189 Capital investment U99NTUNUFIU

#iisda Analysis, Synthesis, and Design of Chemical

Processes, Third Edition

3184974 Techno-Economic Analysis of Biochemical

Scenarios for Production of Cellulosic Ethanol

Cost Unit in THB Cost Unit in THB
Total bare module cost 3,154,327,869.55 Purchase cost 617,550,058.30
in base condition
Total installed equipment cost 799,912,740.95
Total bare module cost 3,292,594,855.86
Contingency 493,889,228.38 | Total investment cost 883,903,578.75
Fee 98,777,845.68 | Total indirect cost 549,619,551.89

Total module cost 3,885,261,929.91

Total direct and

Auxilliary facilities cost 1,577,163,934.78

indirect cost

1,433,523,130.64

Grass root cost 5,462,425,864.69

(Fixed capital investment)

Contingency

286,704,626.13

Fixed capital investment

1,720,227,756.77

Working capital 955,924,526.32

Working capital

258,034,163.52

Total capital investment 6,418,350,391.01

Total capital investment

1,978,261,920.29




E3 MSAUIMIIAMAUYUNISHER

N15ATIENAUNUNITNER (The cost of manufacturing)
N15UTEUAUYUNIINER Lage198931nnann1svtiade Analysis, Synthesis, and Design of
Chemical Processes, Third Edition ‘U‘Vlﬁ 8
AuUNUNIIHERLABTIN (The cost of manufacturing, COM) gnuuseanidu 3 Uszuan liun
FUUNIHAAN19ATY (Total Direct Manufacturing Costs, DME), #unun 1snannadl (Total Fixed
Manufacturing Costs, FMC) LLazﬁunuﬂ”]imamT%ﬁbﬂﬂ (Total General Manufacturing Costs, GE)
Fesunumsnanlasuazansndnaldmuannisi C
1 AUNUNITHEANIIATY Usenaunie Aunuingdu (Total raw material cost, Cay), A UNU
a15130yUlaA (Total utility cost, Cup), AunuUItnveddes (Waste treatment cost, Cyr), AUNU
Ausanuauildlunsaniunssuaunig (Operating Labor cost, Coy), ﬁL%WWQﬂﬂWiQLLﬁ%
wifnaw, Adounge, sianasiildlunisddunseurunislunsasiu iemuauaniizves
NSEUIUANT 19U NIAVSIUAFIMTUUUAT pH, ATUTN1TNNINIATIABUANN NS INANA 9T
§ufu, Advdvsuavansunsveanaluladildlunissudunssuiunisnsuan
2. FuvunsHanAsil Uszneusieridensian nEviesiu Useiu wasAudnisdssuiennuazain
ABNTANIUNTLUIUNTNTHER
3. Funumananiagialy Usznoude funudmiunisuims wu Buidieu, Aanssudaniiinain
M5AINT PIUAL LAENIALELANTYINTUTINS

COM = 0.28FCI + 2.73Cy; + 1.23(Crps + Cwr + Cur)

COM, = 0.18FCI + 2.73C;, + 1.23(Cap + Cur + Cur) (C7)

E3.1 nsuszanaiunudmiuingiu (Total raw material cost, Caw)

fmpRundndmsunmandauiadomaseueud ufademds uazlnih Usznaudae VBLY |
oy mMnnlssnuuilsiudiusnds thdmdunisvin MDEA thamsuideasmududu MDEA uay
Uhdmsu Water scrubbing uazuiaosndiaudmiudumuiuuiadeiwdsdi ndnlaainnisminly
N3¥U3UN1S Combined heat and power unit

uenand lassnsildvninivegnanainildainnmsdausnvesgumudngnizuauns
Pyrolysis To1nasadmsuniswiivdivsswanain uialulnsmuduwiadosdmivlauiasondiay
wazdanzdidumitianudeunisludsljnsalvesnszuiunis Pyrolysis 91N518UTINITAN Y
N3¥UIUNT Pyrolysis ﬁi’ﬁL‘f]uﬁlﬁ]a'ﬁﬁa&l‘gLLﬁaﬁﬁﬁm%’]aﬁ’l%%’Uﬂ?ﬁLéNﬁUﬂﬁBU’mﬂ’liLLazﬂ?UﬂuquQﬁ
Meilassnsiinsndnuiademdsesueudldlulsannndniuiademaeueusilaa nnsuan
mﬂ%’é’m%’umiL%"uéfuﬂizmumﬁLmeUﬂuqmmﬁLmuLLﬁ”aﬁiiM']ﬁ Imaﬁgqamﬁgmdwﬂ%’iu
Usinnufademdseusudiviifuuasssunfnnnd 9ds msussanadunudmiunssuiunis
Pyrolysis Ingusununsldlaainnisiisudya@lase19A91n91897U4 Economic assessment of a

40,000 t/y mixed plastic waste pyrolysis plant using direct heat treatment with molten metal:



A case study of a plant located in Belgium [69] Wag maummﬂmwmua YANUUAIVYZWAARN
LV]’]ﬂU'iWﬂ’]‘UEJuiJaNE]EJ LLaY i?ﬂﬂﬂ’]ﬂ’]ﬁ]ﬁ]ﬁﬂ’)ﬁlmam”dUﬂU’@G]i’]ﬂ’]'ﬁﬂ”lU?ﬂ?ﬁU ‘U’]ﬁ’Juﬂllﬂ’lﬂ aylan
Iﬂiﬂﬂ?ﬁﬂ%uﬂ@lﬂﬂﬂﬂ’]uﬂ WinAu 15.81 U’WW]E]QﬂU’mﬂL@JGﬁ [71]

p31sasUiunuIngAvYesnsdifugy

Stream Flow rate in a year Cost (THB/yr)

Food waste 88146.00 ton 8,814,600.00
Cassava waste 792.00 ton 24,000,000.00
Makeup water 170935.28 m?> 5,179,856.97
MDEA 2678575.68 ton 81,168,960.11
Oxygen gas 10633.75 ton 322,234,826.97
Mixed plastic waste 109.41 ton 3,315,568.48
Nitrogen gas 192505.04 m3 494,096.36
Compressed air 128336.70 m3 141,170.30
Zinc losses 1112.25 ton 33,704,586.97

Total raw material cost 479,053,666.17

E.3.2 nmsuszanaiunudmiuaisisaulaa (Total utility cost, Cyr)

MnanudasnsassnyUlng (Utility requirement) sasnsdiitugiuiiandludnadu Tuild
THnnelulssnuarldanlniilssnundnldainnszuiunns Combined heat and power unit tngly
nsdifiugiu n1sudnliiinlag Gas turbine agvIRLA lif T anun 5679.94 kw luvauedi T
Sudusedlinelulssuimun 2511.66 kw fefulasensisanusoilwihiindenegyursudag
#nenIm 3.17 MW 5181 4.5 vindedlataddalus dmfunsdl@nwdy q nsudalafilee Gas
turbine gy lAlEln T anun 10087.99 kw lurazdilainAsududoddnielulssnuianun
8439.23 kW sfstiulassnmsdesannsairlwihlimdenegyurusasdnonm 1.65 MW $101 5.5 U
sioflatnddlus matsauufgiudmiunisUssnaudunudmivasisyulnadstmualvdosasu
gorifu asvdeidusaglotilifivsmedenislddmiu 1 Yu uazasgnudnuasintnlasszuuindng
a1slun venaaifunazsruunanlen lnssavesaisisgulnaszdanunisdiuinainmlado
Analysis, Synthesis, and Design of Chemical Processes, Third Edition und 8 [46] LazF19819N1T
AinsinadunuassyllnavesnsdiugiuazgnuandumnsagUdunuarsisnlnaveensd
flugu



mnazUaunuas syulaavensdliiugu

Stream Flow rate in a year | Cost (THB/yr)
Electricity 0 unit 0
Cooling tower water 3537 @GJ 460.96
Steam from boilers, Low pressure (5 barg, 160°C)
4746.58 GJ 2,455,384.30
from HP steam without credit for power
Refrigeration, Low temperature refrigerant
3443.03 GJ 1,000,183.95
available at T = -20°C
Total utility cost 3,456,029.21

E.3.3 msuszanaiunudmiunisiitavesde (Waste treatment cost, Cwr)
Funudmiunsiitnvends arUsznoudienistidaindedud 3 lnenisnses, n3du
pnAENDULALNIFUIUNSNLATTUSUan MU EBd WSy MDEA Tunszuaunts Amine Absorption
uaztfikTuNSzUILNNT Water scrubbing, Tnssaausnfgiuli MDEA fisiusiiunszuaunts Amine
absorption wazthfirunszuIuNs Water scrubbing srgmundullflussuuiluszezia 1T 3
iluiauardoanudsulndtmualufaly lnesavesansisndlnaagBamunmsduinain
1988 Analysis, Synthesis, and Design of Chemical Processes, Third Edition unil 8 [46] Tuvey
f51a1a189ndU Ash 988198 991751897U Economic assessment of a 40,000 t/y mixed plastic
waste pyrolysis plant using direct heat treatment with molten metal: A case study of a plant

located in Belgium [69]

M3 19aFURUNUUNTRYR AN UBIN TN LTI

Flow rate
Stream ) Cost (THB/yr)
in a year
Waste water treatment, Tertiary 5
o . . 539488 m 11,123.51
(filtration+activated sluge, and chemical process)
Ash 4310.24 ton 20,545,472.12
Total waste treatment cost 20,556,595.63

E.3.4 ms’iLﬂsﬂzﬁﬁuvguﬂ"}I,L'Nﬂm'mﬁ’hﬂumiﬁﬁLﬁun'ﬁzmums (Operating Labor cost, Co.)

MsAesesifunuALssaunuildlunsiuiunssuauns Bamuvdnnisuinainvidsde
Analysis, Synthesis, and Design of Chemical Processes, Third Edition ‘U‘Vﬁ?i 8 [46] Ima&%&aumagm
ANLSIVBILTINY 325 VIMsoAuRens AAUTENIARMENTIUANSANSNY BoesnIIANasdum (@Uui
10) [72] w3991uENT0veuld 49 dUavined wazyinau 5 ng seduas daiu dneninued
LseuEInsnnuldismn 245 nysed Tnansiauasgnuuatung nvas 8 Fluanarlseny
fufunszurunsiainaen 24 4lua [46] Wusvevinan 300 Tu sauviavun 900 nesed day Fa
31813 245000 UmAoUseAusuTidLduusens Tnssuiuduneuiiliif sadestunissanis
2UNA (Nyp) wavAnufisdusdony (No) ansnsasmuialdainaunisi (5.1)



Nnp = Y. Equipment e Compressor, Tower, Reactor, Heater, Exchanger

Nop = (6.29 + 31.7P? + 0.23N,,,)%® (C8)

mswasUiuIutuneunliingitesiun1sinniseunia (N.,) veansalitugiu

Unit Nnp

Anaerobic Digestion 2
Biogas Cleaning 14
Combined heat and power unit 9
Biogas Upgrading 9
Pyrolysis unit 1

Total Npp 35

Puudureufiliinesdesiunsdnniseuyniasiu 35 Juneu wazazyhluldaunundnduse
N WINAU 14 AU 850N UAIIUABDINIS AUUN LY MUNITARUNTZUIUNISNADINITALIIUY 4 AUAD
ny [69] vilsagsiuianun 18 Ausane astuAuunsdusons 18 AU 91813U 245,000 UMAY

AOAUITUNARUIIUAD TINNINUA 5,265,000.00 U
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A29E19NSATUIUTIARUNUNTHEA VBN TANUFIY

CEPCI
Stream Flow rate Unit Flow rate Unit Cost Unit Costin base | Base n Cost ($) Cost (THB)

in a year year year base

year
Food waste 12242.50 | keg/hr | 88146000.00 kg 0.0033 | $/kg 290881.8 | 2019 607.5 290881.80 8814600.00
Cassava waste 33333.33 | kg/hr | 240000000.00 kg 0.0033 | $/kg 792000 | 2019 607.5 792000.00 24000000.00
Food waste makeup water 16527.38 | ke/hr 118997.10 | m3 0.5217 | $/m3 62084.36 | 2019 607.5 62084.36 1881344.24
Makeup water for steam 25000.00 | ke/hr 604.21 | m3 0.5217 | $/m3 31524 | 2019 607.5 315.24 9552.73
Cassava waste makeup water 333330 | kg/hr 23999.76 | m3 0.5217 | $/m3 12521.39 | 2019 607.5 12521.39 379436.06
Initial MDEA makeup water 134841.3435 | kg/hr 3236.19 | m3 0.5217 | $/m3 1688.42 | 2019 607.5 1688.42 51164.24
MDEA 44957.27245 | ke/hr 1078.97 | ton | 2132.7195 | $/ton 2301150.04 | 2009 521.9 | 2678575.68 81168960.11
Initial food waste makeup water 55091.25 | ke/hr 661.10 | m3 0.5217 | $/m3 34491 | 2019 607.5 344.91 10451.82
Initial cassava waste makeup water 11111.00 | ke/hr 13333 | m3 0.5217 | $/m3 69.56 | 2019 607.5 69.56 2107.88
Oxygen gas 10424.00 | ke/hr | 75052800.00 kg 0.1417 | $/kg 10633749.29 | 2019 607.5 | 10633749.29 322234827.00
Water scrubber makeup water 25000.00 | ke/hr 180000.00 | m3 0.5217 | $/m3 93911.4 | 2019 607.5 93911.40 2845800.00
Mixed plastic waste 4604.96 | kg/hr | 33155683.68 kg 0.0033 | $/kg 109413.76 | 2019 607.5 109413.76 3315568.49
Nitrogen gas 26.74 | m3/hr 192505.04 | m3 0.0847 | $/m3 16305.18 | 2019 607.5 16305.18 494096.36
Compressed air 17.82 | m3/hr 128336.70 | m3 0.0363 | $/m3 4658.62 | 2019 607.5 4658.62 141170.30
Zinc losses 0.09 | ke/hr 641683.48 kg 1.7333 | $/kg 1112251.37 | 2019 607.5 | 1112251.37 33704586.97

nsAnasaIngauldnsatanuRgilisavglasarvudivgsnatainiviniuaivguagAvudesyadey, AAMINANENTINTAN

nsvzUrduginig §198sanivlednisUsriduginig [71], $1A1918 MDEA 81984m1157897U Survey and Down-Selection of Acid Gas Removal

Systems for the Thermochemical Conversion of Biomass to Ethanol with a Detailed Analysis of an MDEA System [47], $1AU18WA#09NTLIULNTA

Tsaudnadanivled [73], imveuazFunanislaudalulasau, e1nedn way danzdgadedndeeinsiesu Economic assessment of a 40,000

t/y mixed plastic waste pyrolysis plant using direct heat treatment with molten metal: A case study of a plant located in Belgium [69]
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. Flow rate in . Cost Utility cost in CEPCl in
Stream Flow rate | Unit Unit Base year Cost (§) | Cost (THB)
a year ($/G)) base year base year
Refrigeration 143.46 GJ/h 3443.03 GJ 7.89 27165.49 2006 500 | 33006.07 | 1000183.95
Steam 197.77 GJ/h 4746.58 GJ 14.05 66689.45 2006 500 | 81027.68 | 2455384.30
Cooling tower water 1.47 GJ/h 35.37 GJ 0.354 12.52 2006 500 15.21 460.96
simansuasidu leth uazdudusnsdaarnmisde Analysis, Synthesis, and Design of Chemical Processes, Third Edition [46]
AI9E19NIANINTIAINTUITATDAE YRINTANUFIY
Flow rate in Cost in Base CEPCl in
Stream Flow rate Unit Unit Cost Unit Cost (%) Cost (THB)
a year base year year | base year
Residue lean MDEA 77.31 ke/hr 545.02 m3 0.056 $/m3 30.52 2006 500 37.08 1123.69
Used MDEA at end year 176.13 m3/hr 4356.17 m3 0.056 $/m3 243,95 2006 500 296.40 8981.80
Liquid from CBG flash 3
) 0.02 m~/hr 173.78 m3 0.056 $/m3 9.73 2006 500 11.82 358.24
separation
Used water from water 3
0.04 m~/hr 319.91 m3 0.056 $/m3 17.92 2006 500 21.77 659.78
scrubber at end year
Overall waste
) 1.00 | year 34031.25 S/year 34031.25 2019 607.5 | 34031.25 1031250.00
treatment for pyrolysis
Ash 0.60 ton/hr 4310.24 ton 157.3 $/ton 678000.58 2019 607.5 | 678000.58 | 20545472.12

$1A1N1TUNUAYD9LEYD198991ANIED Analysis, Synthesis, and Design of Chemical Processes, Third Edition kags1A1AENauLa19198421n

3189714 Economic assessment of a 40,000 t/y mixed plastic waste pyrolysis plant using direct heat treatment with molten metal: A case study

of a plant located in Belgium [69]
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Product Production Revenue (THB/yr)
Gas fuel through a pipeline 9271.48 ton/yr 136,012,669.70
CBG production 8918.39 ton/yr 142,694,276.36
Electricity production 22811.57 MWh/yr 102,652,062.73
Fertilizer production 139649.52  ton/yr 114,556,558.33
Pure carbon dioxide gas production 120323.75 ton/yr 2,618,919,952.73
Hot gas from pyrolysis 7294.25 ton/yr 107,006,653.64
P-oil production 21551.19 ton/yr 165,944,196.67
Total product revenue 3,387,786,370.15

7 7
) 14

Matin159198em1AIngAu anssaulnAnaskandaet LagansenisawinsIaTingivassullnauasndnduen sxgnuansludieganisaiuin
FIAFUYUNISHERTBINTAINUgIURsa UL
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Product
Flow rate in Base
Stream Flow rate Unit Unit Cost Unit revenue in Cost (%) Cost (THB)
a year year
base year
Electricity production 3168.27 kW 22811569.50 | kwWh 0.1485 S/kWh 3387518.07 | 2019 3387518.07 102652062.7
CBG production 1238.67 ke/hr 8918392.27 ke 0.528 $/kg 4708911.12 | 2019 4708911.12 142694276.4
Gas fuel through a
el 1287.71 kg/hr 9271483.95 kg 0.48411 $/kg 4488418.1 | 2019 4488418.1 136012669.7
pipeline
Fertilizer production 14837.20757 kg/hr 106827.89 ton 25.64 $/ton 2739067.21 | 2008 2891872.315 87632494.4
Fertilizer production 4558.559314 ke/hr 32821.63 ton 25.64 $/ton 841546.52 | 2008 888494.11 26924063.94
Pure carbon dioxide
) 8343.21 ke/hr 60071114.90 ke 0.718265196 S/ke 43146991.12 | 2019 43146991.12 1307484579
gas production




Product
Flow rate in Base
Stream Flow rate Unit Unit Cost Unit revenue in Cost ($) Cost (THB)
a year year
base year
Pure carbon dioxide
) 8368.42 ke/hr 60252630.30 ke 0.718265196 $/ke 43277367.32 | 2019 43277367.32 1311435373
gas production
P-oil production 2993.22 ke/hr 21551.19 ton 254.1 $/ton 5476158.49 | 2019 5476158.49 165944196.7
Hot gas from
s 1013.09 ke/hr 7294250.41 kg 0.48411 $/kg 3531219.57 | 2019 3531219.57 107006653.6
pyrolysis
Concrete building
. . kg/hr 0.00 | ton 70 $/ton 0| 2019 0 0
materials production

A0819N1IAUINIIANER S ua LN 3R sauuAgIulis A s ki aaind shaziianuniswi annszuaunisinlslada windusiaiune wia

WNsidonmiarlned198991nunast’y Thai PBS WORLD oy Sufl 22 fugnew 2563 [74], 591978 Fertilizer 990318971 Evaluating digestate processing

methods at Linkdping biogas plant [75], snaveufiaaisueulaeenleddmiunisndnyuneasne redenniuled [76), sieunediiuainnanafing eds

310918974 Economic assessment of a 40,000 t/y mixed plastic waste pyrolysis plant using direct heat treatment with molten metal: A case

study of a plant located in Belgium [69] wag snavieniaarsueulaeenleninsalssnu srdsaniuled (73]

E.6 A1519A1UNsehaRunadulutieszezianaiiulasenis 20 U

nszuaduiiintulugassseznalasinsiaulasnduiitzdesniusudoyasefunazsedienazintulunszuiuns Tngnsinsisinszuaiuy
Wnduluiiesseziaaniulasinis 20 Yveansalitugiuazanansaagudeyasesu-sednglacail

‘JQ
INANAUY

yarfianasedunindansiulaidonunaignisldeu

suvunsawususulaglismsamau (FCl)

Ruyumuiey
AununsHanlaglisuALEoNsIA

s1e5UseU (R)

5.81
5.81
7182.65
1213.96
1926.02
3387.79

A1UUM
AUV
AUV
AUV
AUV
AUV
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End of year | Investment | Sa (last year) | Other CF dk FCl-2dk R COMy (R-COM-d)(t) Nondiscounted Cash Flow
0 -7188.47 -1213.96 0.00 -8402.43
1 2873.06 4309.59 3387.79 1926.02 -282.26 1461.76
2 1723.84 2585.76 3387.79 1926.02 -52.41 1461.76
3 1034.30 1551.45 3387.79 1926.02 85.49 1376.27
4 775.73 775.73 3387.79 1926.02 137.21 1324.56
5 775.73 0.00 3387.79 1926.02 137.21 1324.56
6 0.00 3387.79 1926.02 292.35 1169.41
7 0.00 3387.79 1926.02 292.35 1169.41
8 0.00 3387.79 1926.02 292.35 1169.41
9 0.00 3387.79 1926.02 292.35 1169.41
10 0.00 3387.79 1926.02 292.35 1169.41
11 0.00 3387.79 1926.02 292.35 1169.41
12 0.00 3387.79 1926.02 292.35 1169.41
13 0.00 3387.79 1926.02 292.35 1169.41
14 0.00 3387.79 1926.02 292.35 1169.41
15 0.00 3387.79 1926.02 292.35 1169.41
16 0.00 3387.79 1926.02 292.35 1169.41
17 0.00 3387.79 1926.02 292.35 1169.41
18 0.00 3387.79 1926.02 292.35 1169.41
19 0.00 3387.79 1926.02 292.35 1169.41

20 5.81 1213.96 0.00 3387.79 1926.02 293.52 2388.02
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End of year | Nondiscounted Cash Flow Cumulative Nondiscounted Cash Flow Discounted Cash Flow Cumulative Discounted Cash Flow
0 -8402.43 -8402.43 -8402.43 -8402.43
1 1461.76 -6940.66 1328.88 -7073.55
2 1461.76 -5478.90 1208.07 -5865.48
3 1376.27 -4102.63 1034.01 -4831.47
4 1324.56 -2778.07 904.69 -3926.78
5 1324.56 -1453.51 822.45 -3104.33
6 1169.41 -284.10 660.10 -2444.23
7 1169.41 885.31 600.09 -1844.14
8 1169.41 2054.72 54554 -1298.60
9 1169.41 3224.13 495.94 -802.65
10 1169.41 4393.54 450.86 -351.80
11 1169.41 5562.95 409.87 58.08
12 1169.41 6732.36 372.61 430.69
13 1169.41 7901.77 338.74 769.42
14 1169.41 9071.18 307.94 1077.37
15 1169.41 10240.60 279.95 1357.31
16 1169.41 11410.01 254.50 1611.81
17 1169.41 12579.42 231.36 1843.17
18 1169.41 13748.83 210.33 2053.50
19 1169.41 14918.24 191.21 224471
20 2388.02 17306.26 354.96 2599.67




F. dafnuatazuInsgIuauduinaey
M19197 F.1 Fofivuniazannigun1snivaun1sseueiniantssuvesdsemelng

ToMUAAMAN YLD INTEUILD8NAINLTIU
UsENIANTENTNENAIMNTTY WA, 2560 Y

oH 5.5:9.0
TDS (Total Dissolved solid) 1ai11nA71 3000 Mg/l
A5UVIUADY 1ai11nA71 50 Mg/l
Uson laiannnin 0.005 mg/lL
wiaLile laiunndn 0.02 me/l
wAnLile laiunnnin 0.02 me/l
L) laiannnan 0.2 mg/l
9151dA laiunnin 0.25 me/l

Hexavalent Chromium

laiannnan 0.25 mg/l

Trivalent Chromium

lalannnan 0.75 me/l

VS laiannnan 1.0 mg/l
flifa laiannnan 1.0 mg/l
NOILAY lainnndn 2.0 mg/l
faned Tlaiannnan 5.0 mg/l
wuen e lai3nnna1 5.0 mg/l

Falle Wsuwilalasaudalis

laiannnan 1.0 mg/l

Toenlun Weuwinlalasauloelun

Taiannna1 0.2 mg/l

Wosilanlan Taiannnan 1.0 mg/l
asuszneuiluea laiannnan 1.0 mg/l
ARDIUDATE Taiannnan 1.0 mg/l
VRG] FodlifiFeunluiits
gaunil ldunndt 40 esmawaBes
Auaznau nodlufiesunea
vfunaslusiu liannnan 5 me/l

BOD (Biological Oxygen Demand)

Mgaungil 20 sarmwal@ea 1a1 5 Ju llinnd
20 mg/l

TKN (Total Kjeldahl Nitrogen)

l3i11nA77 100 me/L

COD (Chemical Oxygen Demand)

laiannnan 120 me/l




M19197 F.2 1aMmMuakazuInsgIunIsauaumMIssuIgeIn1adsaintssnuvesuseinalng

1. MyuaA1USINYe9asIavulua N ANTEU1898NANISHUNER 89 T 1UIenaI9uliHn
UszNANIENTNenaInnIsy w.a. 2547 >

dusulsalwihlninnuune Aldgemddunadudemnds

Falaslnoonln Tainnnin 60 ppm
lulpsiaulaeanlea Tainnni 200 ppm
Huazed l3iannndt 120 mg/m’
2. fmuarUsinaresasidevulueniaiissutseanannlsau
UszMANTENTNgnaInnssy w.a. 2549 9
lalasiaudalna PnnsuanThludediiinnndi 100 ppm
(aifmswnlndigoumnas)
PnnsuanThludediinnnnii 80 ppm
@nsunlndigomas)
AISUBUNBUDDN A mnmswanTildedliinnndi 870 ppm (kifinswrlndidomaa)
nmsnanThlugesldinnnit 690 ppm @Enswnlndidemas)
Falaslneonlyn Pnmsliideamadnaduwradimudougosliinnii 60 ppm
ponleaveslulnsiau mnmslidemddhmaduwadimudousoisnnni 200 ppm

3. MVUANINTEINAIUANNTSUdRe NN Adsanlsalndh Useniansensidinemans

walulad wazdunasy B

dmsulsalwihnnunedldfingsssurmduiomds

Faeslaoonlun Taiannnin 20 ppm
lulpsiaulaeanles laiunnni 120 ppm
APEERRN 3d31nn31 60 mg/m’

4. MVUANIATFINAIUANNISUARETININAEEINLIIUEREIMINTTY
U5ENIANTENTININGINTTTIUYARALFsIndaw Y

AVEERRR nnuifelednieundsiuinanufoudldidomdsdnadeslinnd
320 mg/m’

Falaslnoonlyn ndioletvieurasiinanufeuiildidemdsdadodininni
60 ppm

lulpsiaulaeanlya mnvdfelotdoundeiinaudouiliidomddnadasliinnni
200 ppm

AsUBULBUBON A PNNIEUINNIHARTT NS lvsiFadliinnndt 690 ppm

lalpsiaudalng PNNIELINNIHARTTn s lnsiFedlsiinnndt 80 ppm

AVGERRN nnsiplethviouvasiuinanufeuilidowmasiaunadesliunnn
320 mg/m’

Fanoslaoonlyn nnudieletteunasiniiinanudeuildidomadnagedivnnnia
60 ppm

lulpsiaulaeanles PNnszUIUNsHARfiin s viFalaininndd 200 ppm




G. na1sfayannulasnfasiall

1. uhalalasiaudalns (Hydrogen Sulfide, H,S)

—— Hydrogen Sulfide

#ZPRAXAIR Safety Data Sheet P-4611

Micking cor planet tmove prochiciive” This SDS conforms ta U.S. Code of Federal Regulations 23 CFR 1910.1200, Hazard Communication.
Date of lesue: 0111979 Revislon date: 101712016 Supersedes: 0AR2M2015

SECTIOMN: 1. Product and company identification
1.1. Product idantmar

Proguct form . Gubstance
Mame : Hydrogen Sulfide
CAS No . Tra3-06-4
Famula : H2s
Ofher means of loertiication © Sulfurettan hyarogen, sulfur hydride, nyarosulfunc acls, hepatic gas, stink damp
12 Ralevant idantified uses of the substance or mixture and uees advised againat
Use of the substancemixiure . Industrial use. Lise 36 direcied.
13 Detalle of the supplier of the sately data shest
Praxalr, Inc.

10 Riverview Drive
Canbury, CT 06810-6268 - USA
T 1-800-TT2-224 T {1-500-PRAXAIR) - F 1-T16-873-2126

WA DIl GO
1.4, Emargency talaphone numbser
Emergency number : Cmele Emengency: 1-800-545-2633

CHEMTREL, Zdnriday Toaysiwesk
— WItRIN USA: 1-800-424-8300, Outside USA: 001-703-527-3867
{collizct calls accepted, Cantract 17729)

SECTION 2: Hazard identification

21 Classification of the substance or mixture
GHS-UE classifcation

Flam. Gas 1 H220

Liquefied gas H250

Acute Tox. 2 (Inhalatien: gas) H330

ETOTSE3 H33s

Agualic Acuie 1 H400

232 Label slemants

GHS-UE labaling

T HO@DE

GHEY GHEDS S0 EHSET GHE
Signal word [SHE-US) . DANGER
Harard stalements {GHS-US) - HZ20- EXTREMELY FLAMMABLE GAS

H230 - CONTAINS GAS UMDER PRESSURE; MAY EXPLODE IF HEATED

H330 - FATAL IF INHALED

H335 - MAY CAUSE RESPIRATORY IRRITATION

H400 - VERY TOXIC TO AQUATIC LIFE

CEA-HEM - MAY FORM EXPLOSNE MIXTURES WITH AIR

CEA-HET1 - SYMPTOMS MAY BE DELAYED

CEA-HE16 - EXTENDED EXPOSURE TO GAZ REDUCES THE ABILITY TO SMELL
SULFIDES

Precaullonary statements (GH3-UIS) : P202 - Do not hangle untll all satety precaullons have Dean read and undensiood
P10 - Keep away from Heat, Open flames, Sparks, Hol surtaces. - Mo smoking
P260 - Do not breathe gas

EM (English UZ) S0E ID:P-4611 1D

This dooumentiis only controdled wille on e Praxalr, inc. webshe and a copy of this controlled werslon 15 avallable for downlosd. Frasalr cannot assure the inkegrity or
accuracy of any version of this document afier | has been downloaded or removed from our websie.



- Hydrogen Sulfide

: %Pm."? Safety Data Sheet P-4611

.1MH?H fﬂr}d]’m‘f“ﬂ-\'l’{”ﬂn’!ﬁ'ﬁll’. This 2DE comforms bo LS. Code of Federal Regulations 23 CFR 1910.1200, Hazard Communication.
Date of lssue: 01011979 Rewvislon date: 10172016 Supersedes: 03202015

532 Speclal hazards arising from the substance or mixture

Fire hazard : EXTREMELY FLAMMABLE GAS. H venting or leaking gas atches fire, do not exdingulsh
flames. Flammatle vapors may spread from leak, creating an exploshve relgnition hazand.
Vapors can be kgnited by plkat Iights, ctnes flames, SMakIng, sparks, neaters, eleciical
equigment, static dlscharge, o ather Ignitkan sources atlocations distant from product handing
polnt. Explosive atmaspnenss may inger. Sefore entering an area, especialy a confined area,
checi the atmosphere whh an appropiate device.

Exploslon nazard : EXTREMELY FLAMMABLE GAS. Forme explosive misiures with alr and axkizing agents.
Reactvity : Mo reactivity hazand cther than the effects gescribed In sub-sactions balow.

53 Advice for firsfighters

Firefighding Instructions . DARGER! Toxlc, flammable iquetied gas

Evacuate all personnel from the danger area. Use self-contained breathing apparatus (SCBA)
and protecilve clothing. Immedately cool contalners with water from madmum distance. Sicp
Sow of gas If safe to do so, while confinuing cooling water sray. Remove Ignitian sources i
sdfe to o0 50. Remove contalners from area af fne I safe io do 50. On-slba fire brigades must
comply with OSHA 29 CFR 1910.156 and applcable standards under 29 CFR 1910 Subpart
L==Flre Protecion.

Special proteciive equipment far fire ighters . Standard protective dothing ard eguipment (Self Contained Breathing Apparatus) fr fire
Aghiers.

Other Infarmation : Contalners are squipped whh a pressure rellef devics, (Excapilons may exlst whars autnonzed
by DOT.}

SECTION &: Accidental release measures
6.1 Personal precautions, protective equipment and emergency procadures

Seneral measwres . AMGER! Toxic, flammable liquefled gas . Forms exnlosive mibdures with alr and axkizing
agents. Immedlately evacuate all personned from danger area. Use seif-contalned breathing
appa.mus'nhmneeded. Remowe all Sourc=E l:lTlEﬂnk]l'l Heate o do sou REHLI[:E\'E.FIIIE with
fog of fine Water spray, Taking care not to spread liquid with water. Shut off fiow If safe to 6 5o,
‘entllate area or mave container 1o & well-weniliated area. Flammabls VAo may Eﬂ"&adm

leak and could explode If relgnitad by sparks or lames. Exploslve atmospheres may linger.
Before entering area, especially confined areas, cneck atmosphers with an appropriate device.

6.1.1.  For non-emergency personnel
Wa addiional Information avallable

6.1.2.  For emargency responders
Wa addiional Information avallable

6.2 Environmental precautlons
Try o Stop release. Reduce vapor with fog or fine waler spray. Prevent wasie from contaminating
the sumrocunding environment.  Prevent soll and water polluson. Dispose of comente/contalner in
accordance with (ocalreglanalmationalintemational regulations. Cantact suppller for any speckal
requIremeris.

6.3 Msthods and material for containment and cleaning up

N addilonal Information avallable

6.4 Refarence to other sections
Ses glso sactions & and 13.

o Hydrogen Sulfide

#ZPRAXAIR Safety Data Sheet P-4611

Misking ot plariet move prodyciive” ThIE SDS conforms ba .S, Code of Federal Reguiations 20 CFR 1010.1200, Hazard Communieation.
Date of lssue: O1M01MSTS Revislon date: 101712016 Supersedes: 03202015

MFPA nealth hazard : -ﬂ--"-l'Eﬁ" shiort 2XpoELne coul causs gaath ar senous
resldual Injury even thougn promipt medkeal abention was
gl\'Eﬂ.

NFPA fire hazard © 4 - WIIl rapldly or complately vaporize at normal prassure
and temparature, o ks readlly dsparsed In alr and will burn
raady.

NFPA reactvity : 0 - Nomally stabile, even under fire expasure conditions,
and are not reaciive with wabar.

HMIZ [N Rafing

Health : 2 Moderate Hazard - Temporary or minor injury may ccour
Flammaiiity : 4 Severe Hazand

Physical . 2 Moderate Hazard

BDE U3 (GH3 HazGom 201Z) - Praxair

Tl infovrmation o bumed oo oor core s oo wisdipe and o nlaoded o descrbe e peodedd for le porposar of eslty, neety aod o, il mhoustd ol b conatued ax
FuATIARANgG any mecc progery of e peodoc,.




2. whakaulule (Ammonia, NHs)

-zazes Ammonia - US

-:ﬂf"mlﬂ Safety Data Sheet P-4562

,'|ﬂtu|glw-lr;,lﬂ|"_.1- rr,-,-_ugl,-mxﬁﬁm-,_.-' This B0E confoms io U.S. Code of Federal Reguladons 29 CFR 191001200, Hazard Communicadon.
Daie of lssue: §1/01/1981 Revislon daie: DERERZI1Y Supersedes: 03ZH2015

SECTION: 1. Product and company identification
1.4. Produot ldsntfler

Product form : Eubstarce
Buibstance name Aol - LS
CA3-Ho. . TeBE-41-T
Formrada : HH3
1.2 Relavwant Idsmiified ucss of the cubctarios or mixturs ard ucec adviced againct
U of e subsianosdmixoure : Indusial use; Uss ss dirscied.
1.4. Dwtalle of the cuppller of the cafety data chsst
Praxak, Inc.

A0 Fivendew Drive

Daamkary, TT 06810-6268 - UBA
T 1-800-772-9247 (1-BD0-PRAXAIR]) - F 1-T16-873-2145

Wi praalr. Comi
1.4, Emargenoy islsphons numbsr
EmBrgansy numbar : Drshe Emergency: 1-B00-545-4533

CHEMTREC, 24hoday Tdaysiweek
= Wikrin U3A: 1-200-424-3300, Dubslas U3A: 004-TO3-527-3857
[coliect calls accepaed, Comiract 17729}

SECTION 2: Hazard identifica

2.1. Claccifoation of the cubstanos or mixhars
3HE UE cleccioation

Flami. Gas 2 H221

Press. Gas {Lig.) H2BD

Acube Toa. 4 (inkalabon:pas) H332

BklIn Com. 18 H31&

ATOTEE = H335

Agasic Acute 1 HaOd

2.3 Lakes] slsmaric

GHE UZ labsling

Hazard plchograms (GHE UE) : : ' : '
[FIET [ D Gl

Blignal word (GHE L] : Danger

Hazard statements (GHE UE) : H221 - FLAMMASLE GAE
H280 - COMTAING GAS UNDER FREZBURE; MAY EXPLODE IF HEATED
H314 - CAUEBES SEVERE BKIN BURME AND EYE DAMAGE
H332 - HARMFUL IF INHALED
H400 - VERY TOXIC TO AQUATIC LIFE
CEA-HED - MAY CAUSE FROETBITE.
CEA-HGEZZ - CORRDSIVE TS THE RESPIRATORY TRACT (This siatement supercedes
H335)

Precasdonary siiements {GHE L) : F202 - Do mot haracle unil all safety precauilors have been read and undershosdl.
P210 - Keep away from Hea?, Open flames, Bparks, Hot surfaces. - No smoking
P260 - Do mof breathe pas
P2B62 - Ow mof gt In eypes, on skn, or on clothing
PZB0 - Wear proiecive gloves, projecive dothing, eye proiecion, face probeciion.

EM (Engleh UZ) EDE ID: P-4562 i

Thi only whils on tha Praxsr, nc. webaits snd 8 cogy of thin m e Praesi T or
of mmy of 1h it il e bean doamlonded or mmoeed from oor ekl




- Ammonia - US
i3 @Pmlﬂ Safety Data Sheet P-4562
I1M|H|w-|ﬁlw|” e it This 3028 comforms io U.S. Code of Federal Reguladons 259 CFR 191001200, Hazard Communicadon.
Date of ssue: D1J01A1981 Revision date: DERERITY Supersedes: OWEWE01S

SECTION 3: Firefighting me
B.1. Extimguishing madla

Suitable exinguilshing medlis 1 Carbon dioxide, Dry chemical, Warer spray or fogL

B.2. Epaalal kazarde arsimg from Ehe cubctarcs or mixturs

Feacivikty o Mo resciivity Feazand other than the effects described In sub-sectlons below.

E.3. Advios for firefighders

Firefighting InsTuclons : Evacuste all personne| from the danger ar=a. Use seP-contained breating apparasss (3CEA)
and probecive clodring. Immediaisly oooll comalrers with water from macdeum distance. Bhop
fiow of pas If safe to do 30, whille condnuing cooling waier spray. Remove igntion sources B
safs 0 g0 s0. Remowe comialrers from anea of fine H sade o do 5o, On-she dre brigades must
comply with DS HA 29 CFR 1910.156 and applcable standands under 23 CFR 1210 Subpart
L=Fir= Proiecdon.

Frotecdon durng Arefighiieg : DANGER! Gorrocive llguld snd gac undar pracours . JufMocatlon Razand oy lack of mggen.

Spescial profectve sgupment for fire Aghters : Wear gas fight chemkcally profecthve clofhing In comibinabion with self confained breathing
apparatus. Standand peoiecive clothing and sspadpment (3= Contained Breathing Apparaius)
for fire Aghiers.

Other Infomnation : Heat of fire can bulld pressure In oinder and cause Eio rupture. Mo part of a cylinder should

be subjecied io & iemperabore higher than 125% [(S25%C0) Cylinders are equipped wit &
pressure-refef device. (Exceptions may sxist whene susorized by DOT, In this case where
cylirdiers contaln less fan 165 pownds of procect) Fleaking or spllled prodact caiches fire, do
not Exdnguish fames. Flammable ard 500l vapors may spresd from leak and could explode |
relpnfed. Vapors can be ignked by pllot lgints, other lames, smoking, sparks, hesiers,
el=cirical sguipment, siatic discharge, or ofer lgnition Ssources at locadons distant from producs
handing point. Explosive aimospherss may Inger. Safore srmierng area, sspecially confined
areas, oeck aimospiere Wit an appropiate device. Reverse fiow Infto cylinder may cause
rupture. To protect persons from cylinder fragments amd oolc fumes & ruptuns soours, fosally
evacuabe the anss i the fire cannot be browgh’ wrsder imeeclate conrnol.

SECTION &: Accidental release measures

B.1. Parconal pressutions, proteathve squipment ard smsngsnoy proosdurss

General mezsures : Evacumie personnel to & safs sres.  Appropriate sef-consained breatning apparatus may be
reguired. Approach suspecied leak area with caution. Remove all sources of lgnfon.  safe
10 00 50, Feverss fow Imo Cylinder may Causs rupture. Reducs gas with fop or fine waber
spray. Biop dow of prochuct  safde f0 do s0.  Venblabs ares or move confalner o & well-
werdlmied area. Flammable gas may spread fromi leak. Before enterng the area, especlally &
cordined ares, check T admosphens wikih an aporoprimie devoe.

B1.1. Foir inom -8 resnQ snay pesrsonresl

Ko sadltonal Informadon avalabk:
B.1.2. Fior smargenty nMcpornderc

Moo macitionasl Informadon avalable

B.2. Environmanial pracauticne
Prevent waste from contaminaiing T surounding ervironmeni.  Prevent soll and waber poliution.
Dispose of contentsicontainer In accondance with calireglonalradonalfirtermaiional regalabons.
Conssct suppller for any specisl requiremenss.

B.3. Metode and matarial for cortalnment and oleaning up
Mo macitional Informadon avalable

B.4. Refaranos fo other esotlons
Ser also sections B and 13,



3. wiaAsuaulneanlen (Carbon dioxide, CO,)

Carbon dioxide

ZZAPRAXAIR satety Data Sheet P-4574

Making o planes more proslective” This SDS confiarms to U.S. Code of Federal Regulasans 29 CFR 19101200, Hazard Communication.
Dale of Issue: 0101511980 Revislon date: 1001 712016 Supersedes: 071192016

SECTION: 1. Product and company identification

1.1. Froduct Identifer

Praduct fom . Substance

Mame : Carten disxlde

CAS No o 124-38-9

Formula  Co2

Other means of lentfication : Medlpured® Cargon Dicklde, Extendapak® EX-2, Reffigerant gas R744, carbonic anhydride,
carbonlc ackd gas

1.2 Relavant ientifled uses of the substance or mixiure and uses sdvised agalnst

Use of the substancatmixiure o Industrial use. Use as dirsched.

1.3. Detalis of the suppller of the safety data shest
Praxalr, Inc.
10 Rvenidew Drve
Danbury, CT DB810-6265 - USA
T 1-B00-772-9247 (1-B00-PRAXAIR) - F 1-716-879-2146
Www.praxalr.com

1.4. Emargency telsphone number

Emergency numoer : Onsite Emergency: 1-300-645-4533

CHEMTREC, 24nrfday Tdays/wesk
— WItnIn USA: 1-800-424-9300, Outske USA: 001-703-527-3867
{callect calls accepted, Contract 177249)

SECTION 2: Hazard identification
2.1. ClassMcation of the substance or mixture

GHE-US classification
Liquefled gas H2E0

2.2 Label alements
GHS-US labaling
Hazard plciograms (GHE-US)
GHEDS
Signal weed {SHS-US) D WARMING
Hazard statements (GHI-LUS) © H2&0 - CONTAINS GAS UNDER PRESSURE; MAY EXPLODE IF HEATED

OSHA-HDT - MAY DISPLACE OXYGEN AND CAUSE RAPID SUFFOCATION
CGEA-HGO1 - MAY CAUSE FROSTBITE
CEA-HE03 - MAY INCREASE RESPIRATION AMD HEART RATE

Precautionary statements (GHS-US) © P202 - Do nat handle untll all safety precautions have been read and understosd
P21 - Avald breathing gas
P262 - Do nat get In eyes, on skin, ar on clathing
P271+P403 - Use and stare only cutdoors or in 3 well-ventllated place
CGA-PGEDS - Use a hack flow preventive device In the piping
CEA-PE10 - Use only whh equipment rated for cylinder pressure
CEA-PE0E - Close valve after each Use and when emply
CEA-PGI2 - Protect from suniight when amblent temperature exceeds 52°C [125"F)



Carbon dioxide

“ZPRAXAIR satety Data Sheet P-4574

,tf,.,,j,,-},lg rﬂ,--!;,tml;-,r rl?-:u'['_ﬂnx,f.'r('ﬂ"rc" This 305 confarms to U5, Code of Federal Reguladions 29 CFR 1910.1200, Hazard Communlcation.
Date of Issue: 01M01/1580  Rewslon date: 10172016 Supersedes: 07H 92016

23 Other hazards

Ciher hazards nat contiibuting to the : Asphyxlant In high cancentrations

classMcatian
Carntact whh llquld may cause cold bumEfrostie
WARNING: Concentration levels of carbon dioxide above about 1 percent are
dangerous. Praxalr recommends continuaus montorng with alarms ta Indizate unsafe
condiiens befare and durng potental personnel exposure. Use appropeate mantodng desices
10 BNEUre @ 5afe guygen kevel (minkmum of 19.5 percent) and a safe caroon diaudde level.

2.4 Unknown acute toxicity (GHS US)

Mo data avallable

Composition/Information on ingredients

31 Substance
MName : Carbon dicxlde
CAS No © 124-38-9
Hame Product Identifier £
Carbon diodde (EA% Mo 124-3E-3 55~ 100
3.2, MIxture
Mat applicable

SECTION 4: First aid measures
4.1. Deacription of first ald measures
First-ale measures after Inhalation

Remave to fresh alr and keep at restIn a poshion comfortable for breathing. . if not breathing,
glve artificlal respiration, with supplemental oxygen glven by qualfied personnel. If breathing ks
dificult, qualified persannel should glve axygen. C4ll 3 physiclan.

MAY CAUSE FROSTBITE. For exposure io liquld, cold vapar, or solld carbon dloxkde (dry Ice),
Immedlately warm frostbite anea with warm water not o excead 41°C (105°F). Water
temperature should be tolerable to normal skin. Malntain skin warming for at least 15 minutes.
or urtll neemal calorng and sensation have returned to the affected area. In case of masshe
eupCEUre, remave chatming whlle showerng with warm water. Seek medical evaluation and
treatment as soon as possihle.

Immiediately lush eyes tharoughly with water for a1 least 15 minutes. Hold the eyellds open and
away from the eyebals bo ensure that all surfaces are flushed thoroughly. Contact an
aphihaimologlst Immediately.

Ingestian |5 not considensd a podential route of exposure.

First-ald measures after skin contact

First-ald measures after eye contact

First-ald measures afer Ingestion

4.2 Most Important symptoms and effects, both acute and delayed
Mo addiional intarmiaticn avallasle

4.3 Indication of any Immediate medical attention and special treatment nesdad

Mane.

SECTIOMN 5: Firefighting measures

5.1. Extingulahing media

Sultalle extinguishing media : Use extinguishing media appropriate for sumaunding fire.

52 Speclal hazards arlzing from the substance or mixture

Explosion hazard : Heat of fire can bulld pressure In contalner and cause | to rupture. Contalners are equipged

With @ pressure reliel gevice. (Exceptions may exlst whare autharlzed by DOT.) No part of the
contalner should be subjected to a temperature filgher than 125°F (S2°C).

Reactivity o Wo reactvity hazard other than the effects gescriiped In sub-sections below.



4. whadwny (Methane, CHy)

Material Safety Data Sheet Ai[gﬂs

Meathare

Section 1. Chemical product and company identification

Froduct name
Supplier

Product use
Bynonym

MSDS &

Date of
Preparation/Revision

In case of emergency

1 Mathans

AIRGAS INC., on behall of its subsidiaries
259 Morth Radnor-Chesier Road

Suite 100

Radnor, PA 10DET-5283

1-610-687-53253

SyntheticAnalytical chemistry.

Marsh gas; Methyl hydride; CH4, Fire damg; UN 1971; UN 1972; R 50; Biogas; Ligusd
Mbethans

001033

21552009,

1-866-734-3436

Section 2. Hazards identification

Physical stabe

Emergency ovenview

Routes of entry
ritial aculs Ith

Eyes
Skin
Inhalation
Ingestion

Potential chronic health
effects

Medical conditions
aggravated by over-
BEpOSUne

: Gas. [COLORLESS GAS: MAY BE A LIQUID UNDER PRESSURE OR
REFRIGERATION.)
1 WARMING!

Gas:

CONTENTS UNDER PRESURE.
Extremely flammabile.

May cause flash fire.

Do not punciure or incinerate container.
Can cause rapid suflocaton.

May causs gavens frogthite.

Lo

Exiremely flammabie.

Exiremely cold liquid and ges under pregsure.
Can cause rapid sufocatson.

May causs gavens frogthite.

Keep away from heat, sparks and flame. Do not punciure or incinerate container. Use
only with adequate ventilation. Keep container closed.
Cantact with rapsdly expanding gases of bguids can cause frostbie.

1 Inhalaton

1 Conlact with rapidly expanding gas may cause burns or frostbile. Contact with cryogenic
liquid can cause frosibie and cryngenic bums.
1 Conlact with rapidly expanding gas rmay cause burns or frostbile. Contact with cryogenic
liquid can cause frostbile and cryogenic bums.
Acts &3 a simple asphyxant.
Ingestion is not & nonmal route of exposure for pases. Contact with cryogenic Buid can
cause fhogthite and crpogenic buams.
: CARCINOGEMIC EFFECTS: Mot avallable.
MUTAGEMIC EFFECTS: Mot avallabde.
TERATOGEMIC EFFECTS: Not available.

: Acule or chronic respiratory conditions may be aggravaled by overexposure 1o this gas.

See toxicological infermation [section 11)



Methane

Section 3. Composition, Information on Ingredients

Name CAS number % Velume Exposure limits
Methane Td-B2-8 100 ACGIH TLY (United States, 1/2008).

TWA: 1000 ppm B hour(s).

Section 4. First aid measures

Mo action shall be taken ivwoking any personal risk of without suitable training i it is suspactad that fumes are still present,
the rescuer should wear an appropriale mask or self-contained breathing apparstus It may be danpenous to the persan
providing aid 1o give mouth-lo-routh resuscitation.

Eye contaet 1 Check for and remove any contact lenses. bmmediately flush eyes with plenty of waber
for at least 15 minutes, occassonally Bing the upper and lower eyelids. Get medical
atlention irmmeadiately.

Skin contact 1 In case of contact, immediately flush skin with plenty of water for at least 15 minutes
whills removing contaminated cothing and shoes. To avosd the risk of staie dischanges
and gas ignition, snak contaminated clothing thomughly with water before rermoving iL

Wash clothing befone reuse. Claan shoes thoroughly before reuse. Get medical
aftention irmmeadiately.

Froes thyite + Try to warm up the frozen tleswes and sesk medical atention.

Inhailation 1 Move exposed person to fresh air. If not breathing, if breathing is iregular or if
resgirabony armest oocuns, provide anificlal respiration o oxygen by traned personne
Loosan tight clothing such as a collar, e, belt or walkstband. Get medical attentbon
irmmediately.

Ingestion 1 As this product 5 8 gas, refer io B inhalabon sechon

Section 5. Fire-fighting measures

Flammability of the product : Flammable.

Anito-ignition tempesatiine + 538.85%C (1003.7°F)
Flash paint 1 Closed cup: -1BB.15°C (-308.7°F).
Flamrmable limits 1 Lower: 5% Upper 15%
Products of combustion 1 Decomposition products may include te following materals:
Caron desaade
carbon monoxide
Fire hazards in the presence : Exiremely flammable in e presence of the following matenals or conditions: open
of various subslanses flames, sparks and static discharge and odizing materials.
Fire-fighting media and 1 In case of fire, use water spray (fog), foam or dry chemscal.
instructions

In case of fire, allow gas to bum i flow cannot be shut off imrmediately. Apply water from
a safe distance to cool container and probect surrounding area. I involved in fire, shut
aff flow immmediately if it can be done withoul k.

Containg gas under presgure. Flammable gas. In & fire o if neated, a pressure
increase will occur and the container may burst, with the sk of a subsequent explosion.

Special protective : Fire-fighters should wear appropitate protactive equipment and salf-contained breathing
eqguiprment for fire-fighters apparatus (SCEA) with a full face-plecse operabed in positive pressure mode.

Section 6. Accidental release measures

Personal precawtions 1 Immediately contact emergency personnel. Keep unnecessary personnel away. Usa
suitable prodective equipment (section B). Shut off gas supply If this can be done safely.
Isolate area wntil gas has dispersed.

Environmenial precautions @ Avold dispersal of spilled matenal and runoff and contact with soll, waterways, draing
and Sewers.

Methods for cleaning up : Immediately contact emergency personnel. Stop leak if without risk. Use spank-prood

tooks and explosson-proof proent. Mobe: see gection 1 for emengancy contsct
infeernation and section 13 for waste disposal.




SAFETY DATA SHEET

5. wialaeynluaiiiu (Methyl Diethanolamine, MDEA)

A

Rich MOEA HOLLYFRONTIER

Section 1. Identification

Product name
Synonyms

it Sl Qe
Product use

Manufacturer

Ermergency telephone
number

: Rich MDEA
 Rich Methyldiethanotamine, Agueous Amine Solution, Rich Aming

 HollyFrontier Refining & Marketing LLC
2828 Morth Harwood

Sasite 1300

Dallas, Texas 75201

usA

Customer Sendce: (B88) 286-8836

¢ CHEMTRECE: (300) 424-9300

CON 201319

Section 2. Hazards identification

OSHAHCS status

Classification of the
substance or mixture

GHS label elements
Hazard pictograms

Signal word
Harard statements

Precautionary statements

Prevention
Response
Storage
Disposal

Hazards not otherwise
clasaified

: This materlal ls considered hazardous by the OSHA Hazard Communication Standard

{29 CFR 18101200

¢ EYE IRRITATION - Ca

egory 24
SPECIFIC TARGET ORGAN TOXICITY (SINGLE EXPOSURE) - Catagory 1

&

: Danger
1 Causes serlous eye imitation.

Causes damage o organs.

Wear eye or face protection. Do not breathe vapor. Do not eat. drink or smoke when
uging this product. Wash hands thoroughly after handling.

¢ IF exposed: Call 8 POISON CENTER or physiclan. IF IN EYES: Rinse cautiously with

water for several minutes. Remove contact lenses, f present and easy 1o do. Continue
rinsing. I eye imitation persists: Get medical attenton.

¢ Mot applicable.
: Dispose of contents and container in accordance with all local, regional, netional and

international reguiatons.

: May release hydrogen sulfide a polsonous gas that can accurmulate in confined spaces.

Section 3. Composition/information on ingredients

Substance/mixiure

CAS numberfother identifiers

CAS number
Product code

¢ Mixture

: Not applicable.

¢ Not available.



Ricly MDEA HallyFrontier Refining & Marketing LLC

Ingredient narme % CAS number
2,2 (methyliminojdiethano 25-45 105-58-9
vydrogen sulfide 0.5-2 TTE3-06-4

Any concentration shown &3 & range Is to protect confidentiality or is due to batch variation.

There are no additional ingredients present which, within the current knowledge of the supplier and in the
concentrations applicable, are classified as hazardous to health or the environment and hence require reporting
in this section.

Oecupational exposwre limits, i available, are listed in Section 8.

Section 4. First aid measures

Description of necessary first aid messures
Eye contact ¢ Immediately flush eyes with plenty of water, occasionally lifting the upper and lower
eyelids. Check for and remowve sny contact lenses. Get medical attention. If necessary,
call & polson center or physicdan. Continee to rinse for at least 15 minutes.

Inhalation . Remove victim to fresh air and keep at rest in a position comfontable for breathing. I
mot breathing. if breathing |s Imegular or if respiratory armest occurs, provide artificial
resplration or oxygen by trained personnel. It may be dangerous 1o the person
providing aid to give mouth-to-mouth resuscitation. Get medical attention. If necessary,
call & polson center or physiclan. If unconsclous, place in recovery position and get
medical attention Immediately. Malntain an open alnsay. Loosen tght clothing such as
& collar, e, belt or waistband. In case of inhalation of decomposition products in & fire,
symploms may be delayed. The exposed person may nesd to be kept under medical
surveillance for 48 hours.

Skin contact ¢ Flush contaminated skin with plenty of water. Rermowve contaminated clothing and
shoes. Continue o finse for at least 15 minutes. Get medical attention. If necessary,
call & polson center or physiclan. Wash clothing before reuse. Clean shoes thoroughly
before resse.

Ingestion : Do not induece vorniting unless directed to do so by medical persannel. If vomiting

occurs, the head should be kept bow 5o that vomit does not enter the lungs. Wash out
mouth with water. Remove victim to fresh air and keep at rest in a position comfortable
for breathing. Get medical atention. If necessary. call a poison center or physiclan.
MWewver give anything by mouth to an unconsclous person. i unconsdous, place in
recovery posiion and get medical atbention immediately. Maintain an open airaay.
Losomen tight cothing such as a collar, e, belt or walstband.

Most important syrmploms/eflects, acute and delayed

Eotential scute health effects
Eye contact 1 Causes serious eye britation.
Inhalation : Exposwre o decomposition products mey cause & health hazard. Serous effects may
e delayed following expoaiure.
Skin contact ¢ Mo known significant effects or critical hazards.
Ingestion ¢ Irritating to mouth, throat and stomach.
Over-SXposUre &IQNS/symploms
Eye contact : jpain or imitation; watering: redness; senaitivity to light
Inhalation : respiratony ract iritation; coughing: nausea or vomiting; headache; heartbeat
iregularity (arythrmia); drowsinesalfatkgue; dizzinessivertigo; koas of smell; resplratory
paralysls; uncoNSCioUsSNess
Skin contact . Mo specific data.
Ingestion : nausea or vomiting; diarrhea

The exposed person may need 1o be kept under medical surveilance for 48 hours.

Specific reatments . Mo specific treatment.
Protection of medical ! Mo action shall be taken Imiolving any personal sk or without suitable training. 1t may
responders e dangerous o the person providing ald to give mouth-to-mouth resusdtation.
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HallyFronier Refining & Markefing LLC

See toxicological information [Section 11)

Section 5. Fire-fighting measures

Extinguishimg media
Sultable extinguishing
media
Unsultable extinguishing
media

Specific hazards arising

from the chemical
Hazardous thermal
decomposition products

Special protective actions
for fire-fighters

Special protective
equipment for fire-fighters

Usze an extinguishing agent sultable for the surmounding fire.

: Do not use water et

: In & fire or if heated, a pressure Increase will occur and the container may burst. May

reflesse hydrogen sulfide a polsonous gas that can aceurmulste in confined apacea.

Decomposition products may Include the following matedals:
carbon dioxide

carbon monoxide

mitrogen oxides

sulfur ouides

: Promptly lsolate the scens by removing all persons from the vicinity of the incident if

thera i3 a fire. Mo action shall be taken invvolving any personal risk or without switable
training.

: Fire-fighters should wear appropiate protective equipment and salf-contained breathing

apparatus (SCBA) with a full face-plece operated In positive presaure mode.

Section 6. Accidental release measures

Far non-emergency
personnel

For emergency responderns

Environmental precautions

! Mo sction shall be taken Involving any personal risk or without sultable training.

Evacuate surrounding areas. Keep unnecessany and unprotectad personnel from
entaring. Do not touch or walk through spllled materal. Avold breathing vapor of mist
Provide sdeguate ventilation. Wear approprigte respirafor when ventilation is
inadeguate. Put on appropriate personal protective eguipment. May release hydnogen
sulfide a potsonous gas that can accumulate in confined spaces.

¢ If spedalised dothing ks required 1o deal with the apllage, take note of any informatkon

in Section & on suitable and wnsuitsble materials. See also the information In *For non-
emergency personmel”.

: Avold dispersal of spilled material and runoff and contact with soll, waterways, dralns

and sewers. Inform the relevant authorities if the product has caused envinonmental
podiution {sewers, watarsays, soll or air).

Methods and materials for containment and cleanin

Small spill

Large spdll

1 Stop keak if without risk. Move contalners from splil area. Absorb with an inent material

and place in an appropriabte waste disposal contalner. Dispose of via a licensed wasie
disposal contracior.

! Siop keak if without risk. Mowe containers from spill area. Approach release from

upwind. Prevent entry into sewers, walerways, basements or confined areas. Wash
aplllages into an efflwent treatment plant or proceed a3 follows. Contaln and collect
spillage with non-combustible, absorbent material e_g. sand, earth, vermiculite or
diatomaceous earth and plece in container for disposal according to local regulations
{zee Section 13). Dispose of via a licensed waste disposal contractor. Contaminated
ahsorbent materlal may pose the same hazard 85 the spllled prodect. Mole: sese
Saction 1 for emergency contact information and Section 13 for waste disposal.



H. 119149 Stream Table Base Case (Mass Flows)

Stream Name Food waste FW Makeup Water Mixed FW FW Pre-Biogas FW Liquid waste FW Pre-Biogas 2 FW Biowaste FW Pre-Biogas 3
Stream Number unit 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
Temperature C 20.00 25.00 11.57 55.00 55.00 55.00 55.00 55.00
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.01 0.05 0.00 1.00 0.00 0.99
Liquid Fraction 1.00 1.00 0.99 0.95 1.00 0.00 1.00 0.01
Mass Enthalpy J/ke -3.20E+06 -1.60E+07 -1.37E+07 -1.35E+07 -1.58E+07 -4.02E+06 -2.5TE+06 -8.13E+06
Mass heat capacity J/kg-K 2126.07 4768.88 4223.70 4234.97 4793.20 1907.57 2436.09 1398.08
Mass Density kg/m3 1786.99 959.49 68.83 16.90 934.20 3.32 3332.01 1.01
Volume Flow m3/hr 6.85 57.42 978.23 3985.51 58.15 3927.35 2.76 3777.24
Average MW 449.15 18.02 21.82 21.31 18.06 85.45 886.82 26.97
Mass Flow
CH4 kg/hr 0.00 0.00 0.00 1066.96 0.04 1066.92 0.00 1066.92
co2 kg/hr 0.00 0.00 0.00 2375.17 3.94 2371.23 0.00 2371.23
H20 kg/hr 5.16 16527.38 55096.41 54546.44 54172.94 373.49 0.00 373.49
H2S kg/hr 0.00 0.00 0.00 9.29 0.14 9.15 0.00 9.15
NH3 ke/hr 0.00 0.00 0.00 13.93 1.38 12.55 0.00 12.55
Cco ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT ke/hr 53.15 0.00 53.15 53.15 53.15 0.00 0.00 0.00
CELLULOS kg/hr 1767.82 0.00 1767.82 0.00 0.00 0.00 0.00 0.00
HEMECELL ke/hr 540.17 0.00 540.17 0.00 0.00 0.00 0.00 0.00
PROTEIN ke/hr 200.30 0.00 200.30 100.15 95.41 a.74 a.74 0.00
TRIGLY ke/hr 9675.91 0.00 9675.91 9192.12 0.00 9192.12 9192.12 0.00
MDEA ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow ke/hr 12242.50 16527.38 67333.75 67357.20 54327.01 13030.20 9196.86 3833.34




FW Condensed Mixed Condensed Total FW FW Treated Recycle FW FW Discharged
Stream Name water liquid wastewater water FW solid waste wastewater water FW Biogas
Stream Number unit 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
Temperature C 5.00 71.23 50.37 50.37 50.37 50.37 50.37 5.00
Pressure atm 1.00 3.00 1.00 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 0.00 0.96 0.00 0.00 1.00
Liquid Fraction 1.00 1.00 1.00 1.00 0.04 1.00 1.00 0.00
Mass Enthalpy J/ke -1.61E+07 -1.56E+07 -1.41E+07 -1.59E+07 -6.51E+06 -1.59E+07 -1.59E+07 -7.63E+06
Mass heat capacity J/ke-K 4788.07 4180.31 4422.70 4764.35 2347.33 4764.35 4764.35 1256.79
Mass Density ke/m3 976.12 550.28 97.22 936.86 1.87 936.86 936.86 1.25
Volume Flow m3/hr 0.37 10.94 718.97 58.78 7916.23 58.78 58.78 2777.63
Average MW 18.02 18.08 20.73 18.02 47.15 18.02 18.02 28.43
Mass Flow
CHa ke/hr 0.00 0.04 0.00 0.04 0.00 0.00 1066.92 0.00
cOo2 ke/hr 29.49 33.46 0.00 33.46 0.00 0.00 2371.21 0.00
H20 ke/hr 5978.48 60510.59 55064.64 5445.95 0.00 55064.64 14.32 21466.67
H2S kg/hr 8.66 8.81 0.00 8.81 0.00 0.00 9.15 0.00
NH3 kg/hr 2.07 3.48 0.00 3.48 0.00 0.00 12.52 0.00
CO kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT ke/hr 0.00 53.15 0.00 53.15 0.00 0.00 0.00 0.00
CELLULOS ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7833.33
HEMECELL kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3700.00
PROTEIN kg/hr 0.00 100.15 0.00 100.15 0.00 0.00 0.00 333.33
TRIGLY kg/hr 0.00 9192.12 0.00 9192.12 0.00 0.00 0.00 0.00
MDEA kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ ke/hr 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00
HCO3- ke/hr 0.04 0.04 0.00 0.04 0.00 0.00 0.00 0.00
CO3-2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kg/hr 6018.76 69901.85 55064.64 14837.21 0.00 55064.64 3474.11 33333.33




Stream Name Cassava waste CW make up water Mixed CW CW Pre-Biogas CW Liquid waste CW Pre-Biogas 2 CW Biowaste CW Pre-Biogas 3
Stream Number unit 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00
Temperature C 25.00 25.00 17.39 37.00 37.00 37.00 37.00 37.00
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 0.20 0.00 1.00 1.00 1.00
Liquid Fraction 1.00 1.00 1.00 0.80 1.00 0.00 0.00 0.00
Mass Enthalpy J/ke -1.23E+07 -1.60E+07 -1.32E+07 -1.35E+07 -1.57E+07 -7.94E+06 -8.81E+06 -7.87E+06
Mass heat capacity J/ke-K 3129.10 4768.88 3486.27 3736.37 4730.53 1270.40 1049.08 1292.14
Mass Density ke/m3 803.61 959.49 841.27 4.02 954.15 1.16 1.76 1.13
Volume Flow m3/hr 41.48 11.58 52.83 11075.52 33.24 11042.28 520.24 10494.95
Average MW 26.27 18.02 23.57 20.65 18.44 29.37 44.52 28.62
Mass Flow
CHa ke/hr 0.00 0.00 3289.95 0.02 3289.93 0.00 3289.93 0.00
co2 ke/hr 0.00 0.00 9025.24 3.07 9022.18 902.22 8119.96 0.03
H20 ke/hr 3333.30 32577.67 31292.26 30883.25 409.01 0.00 409.01 362.77
H2S ke/hr 0.00 0.00 21.64 0.08 21.57 0.00 21.57 0.00
NH3 ke/hr 0.00 0.00 32.45 0.99 31.46 0.00 31.46 0.02
Cco ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS ke/hr 0.00 7833.33 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL ke/hr 0.00 3700.00 740.00 739.77 0.23 0.23 0.00 0.00
PROTEIN ke/hr 0.00 333.33 100.00 88.18 11.82 11.82 0.00 0.00
TRIGLY ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow ke/hr 3333.30 4444433 44501.54 31715.35 12786.19 914.27 11871.92 362.81




CW Condensed CW Treated CW Solid Recycle CW CW Discharged
Stream Name water Total CW wastewater water waste wastewater water CW Biogas Total Biogas
Stream Number unit 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00
Temperature C 5.00 36.31 36.31 36.31 36.31 36.31 5.00 5.00
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.01 0.00 0.12 0.01 0.01 1.00 1.00
Liquid Fraction 1.00 0.99 1.00 0.88 0.99 0.99 0.00 0.00
Mass Enthalpy J/ke -1.61E+07 -1.55E+07 -1.60E+07 -1.27E+07 -1.55E+07 -1.55E+07 -7.74E+06 -7.71E+06
Mass heat capacity J/ke-K 4788.07 4626.35 4764.10 3769.84 4626.35 4626.35 1226.62 1233.61
Mass Density ke/m3 976.13 57.06 949.61 8.25 57.06 57.06 1.28 1.28
Volume Flow m3/hr 0.37 578.23 29.94 552.65 578.23 578.23 8970.26 11747.89
Average MW 18.02 18.74 18.02 24.96 18.74 18.74 29.16 28.99
Mass Flow
CH4 ke/hr 0.02 0.00 0.02 0.00 0.00 3289.93 4356.85 4356.85
co2 ke/hr 905.31 0.00 905.31 0.00 0.00 8119.93 10491.14 10491.14
H20 ke/hr 31246.02 28433.87 2812.14 0.00 28433.87 46.24 60.56 60.56
H2S ke/hr 0.08 0.00 0.08 0.00 0.00 21.57 30.71 30.71
NH3 ke/hr 1.01 0.00 1.01 0.00 0.00 31.43 43.96 43.96
Cco ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL ke/hr 740.00 0.00 740.00 0.00 0.00 0.00 0.00 0.00
PROTEIN ke/hr 100.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow ke/hr 32992.43 28433.87 4558.56 0.00 28433.87 11509.10 14983.22 14983.22




Preheated

Treated gas to

Treated gas to

Stream Name Compressed Biogas Make up MDEA Pressurized MDEA MDEA Treated gas fuel gas CBG Liquid waste
Stream Number unit 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00
Temperature C 70.48 25.00 25.05 43.00 43.80 43.80 43.80 0.00
Pressure atm 2.00 1.00 3.00 3.00 1.97 1.97 1.97 1.00
Vapor Fraction 1.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00
Liquid Fraction 0.00 1.00 1.00 1.00 0.00 0.00 0.00 1.00
Mass Enthalpy J/kg -7.63E+06 -1.29E+07 -1.29E+07 -1.28E+07 -6.20E+06 -6.20E+06 -6.20E+06 -1.60E+07
Mass heat capacity J/kg-K 1328.44 3911.35 3736.16 3753.14 1871.97 1871.97 1871.97 4216.37
Mass Density kg/m3 2.06 1020.26 1020.32 1012.60 1.50 1.50 1.50 999.68
Volume Flow m3/hr 7258.43 176.23 176.22 177.56 4294.01 3435.20 858.80 0.04
Average MW 28.99 22.87 22.87 22.87 19.68 19.68 19.68 18.02
Mass Flow
CH4 kg/hr 0.00 0.00 0.00 4354.49 3483.60 870.90 0.00 870.90
CO2 kg/hr 0.00 0.00 0.00 1827.56 1462.05 365.51 0.02 365.49
H20 kg/hr 134841.34 134841.13 134838.12 256.45 205.16 51.29 44.39 6.90
H2S kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH3 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
€¢) kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kg/hr 44899.26 44897.88 44877.95 0.03 0.02 0.01 0.00 0.00
MDEAH+ kg/hr 50.82 52.21 72.31 0.00 0.00 0.00 0.01 0.00
H30+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kg/hr 7.19 7.39 10.23 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kg/hr 179798.62 179798.62 179798.62 6438.53 5150.82 1287.71 44.42 1243.29




Pressurized Rich

Preheated Rich

Stream Name Pre-CBG Rich MDEA MDEA MDEA Acid gas Lean MDEA 1 Lean MDEA 2 Total Lean MDEA
Stream Number unit 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00
Temperature C 0.00 58.28 57.96 90.00 5.00 5.00 135.04 134.88
Pressure atm 1.00 1.98 3.00 3.00 2.96 2.96 297 2.96
Vapor Fraction 1.00 0.00 0.00 0.01 1.00 0.00 0.00 0.00
Liquid Fraction 0.00 1.00 1.00 0.99 0.00 1.00 1.00 1.00
Mass Enthalpy J/kg -6.02E+06 -1.26E+07 -1.26E+07 -1.25E+07 -8.96E+06 -1.58E+07 -1.25E407 -1.25E+07
Mass heat capacity J/kg-K 1779.54 5305.00 15553.48 16564.46 845.00 4258.19 8079.63 3905.87
Mass Density ke/m3 0.88 1045.88 1046.18 319.85 5.80 997.59 948.50 855.88
Volume Flow m3/hr 1407.32 180.08 180.03 588.85 1459.31 0.08 189.56 210.17
Average MW 19.74 23.97 23.97 23.87 43.88 18.12 22.90 22.90
Mass Flow
CH4 kg/hr 2.36 2.36 2.36 2.36 0.00 0.00 0.00 0.00
co2 kg/hr 60.85 59.70 1574.18 8442.95 0.60 0.03 0.63 0.04
H20 kg/hr 131131.52 131131.05 131750.93 10.24 76.37 134473.46 134549.84 134552.16
H2S kg/hr 6.82 6.65 9.53 9.41 0.06 0.74 0.80 0.35
NH3 ke/hr 43.96 43.96 43.96 2.42 0.72 40.81 41.53 41.53
Cco kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA ke/hr 19029.38 18915.89 24528.49 0.00 0.00 44229.07 44229.07 43954.38
MDEAH+ ke/hr 26139.38 26253.82 20593.77 0.00 0.07 726.57 726.65 1003.66
H30+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kg/hr 10625.16 10570.54 9240.03 0.00 0.04 287.95 287.98 140.96
CO3-2 kg/hr 1280.65 1335.94 579.39 0.00 0.00 16.76 16.76 162.16
HS- kg/hr 23.18 23.34 20.53 0.00 0.00 19.77 19.77 20.29
H+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- ke/hr 0.05 0.05 0.11 0.00 0.00 277 277 0.36
Total Mole Flow ke/hr 188343.30 188343.30 188343.30 8467.38 77.87 179798.06 179875.92 179875.92




Preheated Acid

Compressed CO2

Stream Name Recycle MDEA gas Scrub water Pressurized water | Treated Acid gas Pre-CO2 1 1 Acid liquid waste
Stream Number unit 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00
Temperature C 25.00 90.00 25.00 25.09 25.35 10.00 110.06 10.00
Pressure atm 3.00 3.00 1.00 3.00 2.96 3.00 8.51 3.00
Vapor Fraction 0.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00
Liquid Fraction 1.00 0.00 1.00 1.00 0.00 0.00 0.00 1.00
Mass Enthalpy J/kg -1.29E407 -8.89E+06 -1.59E+07 -1.59E+07 -8.97E+06 -8.97E+06 -8.88E+06 -1.59E+07
Mass heat capacity J/kg-K 3390.16 917.64 4179.20 4179.17 865.39 849.26 952.20 4189.25
Mass Density ke/m3 1021.26 4.46 997.17 997.24 5.37 577 12.08 998.89
Volume Flow m3/hr 176.13 1900.64 25.07 25.07 1564.19 1449.98 692.66 0.02
Average MW 22.90 43.88 18.02 18.02 43.70 43.88 43.88 18.08
Mass Flow
CH4 kg/hr 2.36 0.00 0.00 2.36 2.36 2.36 0.00 0.00
co2 kg/hr 8442.95 0.00 0.00 8351.56 8351.41 8351.41 0.15 91.31
H20 kg/hr 10.24 25000.00 25000.00 38.17 14.21 14.21 23.96 24972.00
H2S kg/hr 9.41 0.00 0.00 0.44 0.44 0.44 0.00 8.96
NH3 ke/hr 2.42 0.00 0.00 0.00 0.00 0.00 0.00 2.42
CcO kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
HCO3- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12
CO3-2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow ke/hr 8467.38 25000.00 25000.00 8392.53 8368.42 8368.42 24.11 25074.85




Pressurized scrub

Preheated scrub

Pressurized lean

Stream Name Rich scrub water water water Off gas Condensed liquid Lean water Total lean water water
Stream Number unit 57.00 58.00 59.00 60.00 61.00 62.00 63.00 64.00
Temperature C 29.55 29.68 90.00 5.00 5.00 151.99 114.82 117.46
Pressure atm 2.97 6.00 6.00 4.93 4.93 4.94 1.00 3.00
Vapor Fraction 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Liquid Fraction 1.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00
Mass Enthalpy J/kg -1.58E+07 -1.58E+07 -1.56E+07 -8.95E+06 -1.58E+07 -1.53E+07 -1.55E+07 -1.55E+07
Mass heat capacity J/kg-K 4226.61 4177.10 4205.67 857.03 4196.16 4322.52 4239.23 4243.88
Mass Density kg/m3 993.65 993.71 854.64 9.81 997.95 914.88 946.94 944.91
Volume Flow m3/hr 25.24 25.23 29.34 6.33 2.50 24.61 30.12 30.18
Average MW 18.06 18.06 18.06 43.92 18.17 18.02 18.02 18.02
Mass Flow
CH4 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO2 kg/hr 91.20 91.24 61.88 29.47 0.00 0.11 0.11 0.01
H20 kg/hr 24971.92 24971.95 0.05 2457.39 22514.61 28520.51 28520.51 3521.09
H2S kg/hr 8.96 8.96 0.20 8.65 0.12 0.12 0.12 0.01
NH3 kg/hr 242 242 0.00 2.02 0.40 0.40 0.40 0.05
CcO kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.00
H30+ kg/hr 0.08 0.06 0.00 0.01 0.00 0.00 0.00 0.00
HCO3- kg/hr 0.26 0.20 0.00 0.04 0.00 0.01 0.01 0.00
CO3-2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kg/hr 25074.85 25074.85 62.13 2497.59 22515.13 28521.17 28521.17 3521.17




Scrub water

Cooled Recycle

Preheated fuel

Treated gas to

Stream Name waste Recycle water water Pre-Fuel gas gas Fuel gas CHP Oxygen
Stream Number unit 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00
Temperature C 117.46 117.46 25.00 43.78 100.00 73.86 43.78 25.00
Pressure atm 3.00 3.00 3.00 1.97 2.00 1.25 1.97 1.00
Vapor Fraction 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00
Liquid Fraction 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00
Mass Enthalpy J/kg -1.55E407 -1.55E+07 -1.59E+07 -6.20E+06 -6.09E+06 -6.14E+06 -6.20E+06 -2.98E+02
Mass heat capacity J/kg-K 4243.87 4243.87 4179.27 1866.22 1993.47 1927.74 1866.22 918.89
Mass Density ke/m3 94491 944.91 997.25 1.50 1.29 0.86 1.50 1.31
Volume Flow m3/hr 3.73 26.46 25.07 858.81 999.82 1491.99 2576.43 7962.29
Average MW 18.02 18.02 18.02 19.68 19.68 19.68 19.68 32.00
Mass Flow
CH4 kg/hr 0.00 0.00 870.90 870.90 870.90 2612.70 0.00 0.00
co2 kg/hr 0.10 0.10 365.51 365.51 365.51 1096.54 0.00 0.00
H20 kg/hr 24999.42 24999.42 51.29 51.29 51.29 153.87 0.00 0.00
H2S kg/hr 0.10 0.11 0.00 0.00 0.00 0.00 0.00 0.00
NH3 kg/hr 0.35 0.35 0.00 0.00 0.00 0.00 0.00 0.00
Cco kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 10424.00 10424.00
N2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kg/hr 0.00 0.00 0.01 0.01 0.01 0.02 0.00 0.00
MDEAH+ ke/hr 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kg/hr 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kg/hr 25000.00 25000.00 1287.71 1287.71 1287.71 3863.12 10424.00 10424.00




Compressed

Condensed flue

Stream Name oxygen Mixed Fuel Pressurized fuel Flue gas Flue gas 2 Flue gas 3 Cooled flue gas gas
Stream Number unit 73.00 74.00 75.00 76.00 77.00 78.00 79.00 80.00
Temperature C 113.97 83.46 236.69 3000.00 2696.96 2389.73 169.77 0.00
Pressure atm 2.00 1.97 592 6.00 1.98 0.65 0.65 1.00
Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
Liquid Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Mass Enthalpy J/kg 8.20E+04 -1.65E+06 -1.45E+06 -5.03E+06 -5.75E+06 -6.46E+06 -1.06E+07 -1.61E+07
Mass heat capacity J/kg-K 938.22 1205.74 1351.41 2403.83 233577 2260.68 1376.30 4545.31
Mass Density ke/m3 2.02 1.85 3.88 0.61 0.22 0.08 0.49 1016.80
Volume Flow m3/hr 5171.57 7749.02 3698.07 23444.06 64446.94 175073.59 29050.91 591
Average MW 32.00 27.41 27.41 27.41 27.41 27.41 27.41 18.02
Mass Flow
CH4 kg/hr 2612.70 2612.70 0.00 0.00 0.00 0.00 0.00 0.00
co2 kg/hr 1158.42 1158.42 8325.79 8325.79 8325.79 8325.79 0.12 8325.67
H20 kg/hr 15391 153.91 6021.83 6021.83 6021.83 6021.83 6005.90 15.93
H2S kg/hr 0.20 0.20 0.13 0.13 0.13 0.13 0.00 0.13
NH3 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CcO kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 ke/hr 10424.00 10424.00 1.36 1.36 1.36 1.36 0.00 1.36
N2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kg/hr 0.00 0.00 0.12 0.12 0.12 0.12 0.00 0.12
INERT kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA ke/hr 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.00
MDEAH+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow ke/hr 14349.25 14349.25 14349.25 14349.25 14349.25 14349.25 6006.04 8343.21




Compressed CO2

Pressurized utility

Pressurized utility

Compressed CBG

Stream Name Pre-CO2 2 2 Utility water water water 2 Utility steam Preheated CBG 1
Stream Number unit 81.00 82.00 83.00 84.00 85.00 86.00 87.00 88.00
Temperature C 0.00 102.83 25.00 25.02 25.01 159.78 50.00 197.52
Pressure atm 1.00 3.00 1.00 3.00 593 593 1.00 3.96
Vapor Fraction 1.00 1.00 0.00 0.00 0.00 0.82 1.00 1.00
Liquid Fraction 0.00 0.00 1.00 1.00 1.00 0.18 0.00 0.00
Mass Enthalpy J/kg -8.98E+06 -8.89E+06 -1.60E+07 -1.60E+07 -1.60E+07 -1.36E+07 -5.93E+06 -5.63E+06
Mass heat capacity J/kg-K 828.27 928.97 4528.80 4528.56 4528.23 2496.56 1873.10 2266.48
Mass Density ke/m3 1.97 4.30 993.03 993.01 993.02 3.79 0.75 2.03
Volume Flow m3/hr 4230.15 1939.64 25.18 25.18 25.18 6597.79 1667.21 613.75
Average MW 43.89 43.89 18.02 18.02 18.02 18.02 19.74 19.74
Mass Flow
CH4 kg/hr 0.00 0.00 0.00 0.00 0.00 870.90 870.90 870.90
co2 kg/hr 8325.67 0.00 0.00 0.00 0.00 365.49 365.49 365.49
H20 kg/hr 15.93 25000.00 25000.00 25000.00 25000.00 6.90 6.90 6.90
H2S kg/hr 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH3 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CcO kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 ke/hr 1.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kg/hr 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kg/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow ke/hr 8343.21 25000.00 25000.00 25000.00 25000.00 1243.29 1243.29 1243.29




Compressed CBG

Compressed CBG

Compressed CBG

Stream Name Cooled CBG 2 3 Cooled CBG 3 4 Cooled CBG 4 5 Cooled CBG 5 CBG
Stream Number unit 91.00 92.00 93.00 94.00 95.00 96.00 97.00 98.00
Temperature C 70.00 182.94 80.00 200.87 100.00 227.48 130.00 133.21
Pressure atm 9.88 27.65 27.65 80.94 80.94 240.82 240.82 247.73
Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Liquid Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mass Enthalpy J/ke -5.90E+06 -5.67E+06 -5.89E+06 -5.65E+06 -5.88E+06 -5.62E+06 -5.88E+06 -5.87E+06
Mass heat capacity J/ke-K 1956.88 2277.74 2054.23 2425.88 2297.58 2685.32 2676.82 2681.22
Mass Density ke/m3 7.01 14.65 19.38 41.12 55.00 109.88 144.70 146.75
Volume Flow m3/hr 177.30 84.88 64.15 30.23 22.60 11.32 8.59 8.47
Average MW 19.74 19.74 19.74 19.74 19.74 19.74 19.74 19.74
Mass Flow
CHa ke/hr 870.90 870.90 870.90 870.90 870.90 870.90 870.90 870.90
co2 ke/hr 365.49 365.49 365.49 365.49 365.49 365.49 365.49 365.49
H20 ke/hr 6.90 6.90 6.90 6.90 6.90 6.90 6.90 6.90
H2S ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH3 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cco ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- ke/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow ke/hr 1243.29 1243.29 1243.29 1243.29 1243.29 1243.29 1243.29 1243.29




H. 11519 Stream Table Base Case (Mole Flows)

Stream Name Food waste FW Makeup Water Mixed FW FW Pre-Biogas FW Liquid waste FW Pre-Biogas 2 FW Biowaste FW Pre-Biogas 3
Stream Number unit 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
Temperature C 20.00 25.00 11.57 55.00 55.00 55.00 55.00 55.00
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.01 0.05 0.00 1.00 0.00 0.99
Liquid Fraction 1.00 1.00 0.99 0.95 1.00 0.00 1.00 0.01
Mass Enthalpy J/ke -3.20E+06 -1.60E+07 -1.37E+07 -1.35E+07 -1.58E+07 -4.02E+06 -2.57E+06 -8.13E+06
Mass heat capacity J/kg-K 2126.07 4768.88 4223.70 4234.97 4793.20 1907.57 2436.09 1398.08
Mass Density ke/m3 1786.99 959.49 68.83 16.90 934.20 3.32 3332.01 1.01
Volume Flow m3/hr 6.85 57.42 978.23 3985.51 58.15 3927.35 2.76 3777.24
Average MW 449.15 18.02 21.82 21.31 18.06 85.45 886.82 26.97
Mole Flow

CH4 kmol/hr 0.00 0.00 0.00 66.51 0.00 66.51 0.00 66.51
co2 kmol/hr 0.00 0.00 0.00 53.97 0.09 53.88 0.00 53.88
H20 kmol/hr 0.29 917.41 3058.32 3027.79 3007.06 20.73 0.00 20.73
H2S kmol/hr 0.00 0.00 0.00 0.27 0.00 0.27 0.00 0.27
NH3 kmol/hr 0.00 0.00 0.00 0.82 0.08 0.74 0.00 0.74
CoO kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.53 0.00 0.53 0.53 0.53 0.00 0.00 0.00
CELLULOS kmol/hr 10.90 0.00 10.90 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 4.09 0.00 4.09 0.00 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.55 0.00 0.55 0.27 0.26 0.01 0.01 0.00
TRIGLY kmol/hr 10.90 0.00 10.90 10.36 0.00 10.36 10.36 0.00
MDEA kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C0O3-2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 27.26 917.41 3085.29 3160.52 3008.02 152.49 10.37 142.12




FW Condensed Mixed Condensed Total FW FW Treated Recycle FW FW Discharged
Stream Name water liquid wastewater water FW solid waste wastewater water FW Biogas
Stream Number unit 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
Temperature C 5.00 71.23 50.37 50.37 50.37 50.37 50.37 5.00
Pressure atm 1.00 3.00 1.00 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 0.00 0.96 0.00 0.00 1.00
Liquid Fraction 1.00 1.00 1.00 1.00 0.04 1.00 1.00 0.00
Mass Enthalpy J/ke -1.61E+07 -1.56E+07 -1.41E+07 -1.59E+07 -6.51E+06 -1.59E+07 -1.59E+07 -7.63E+06
Mass heat capacity J/kg-K 4788.07 4180.31 4422.70 4764.35 2347.33 4764.35 4764.35 1256.79
Mass Density ke/m3 976.12 550.28 97.22 936.86 1.87 936.86 936.86 1.25
Volume Flow m3/hr 0.37 10.94 718.97 58.78 7916.23 58.78 58.78 2777.63
Average MW 18.02 18.08 20.73 18.02 47.15 18.02 18.02 28.43
Mole Flow
CHa kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 66.51
co2 kmol/hr 0.00 0.67 0.76 0.00 0.76 0.00 0.00 53.88
H20 kmol/hr 19.94 331.86 3358.85 3056.55 302.30 0.00 3056.55 0.79
H2S kmol/hr 0.00 0.25 0.26 0.00 0.26 0.00 0.00 0.27
NH3 kmol/hr 0.00 0.12 0.20 0.00 0.20 0.00 0.00 0.74
CcO kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.53 0.00 0.53 0.00 0.00 0.00
CELLULOS kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.00 0.00 0.27 0.00 0.27 0.00 0.00 0.00
TRIGLY kmol/hr 0.00 0.00 10.36 0.00 10.36 0.00 0.00 0.00
MDEA kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 19.94 332.90 3371.24 3056.55 314.68 0.00 3056.55 122.18




Stream Name Cassava waste CW make up water Mixed CW CW Pre-Biogas CW Liquid waste CW Pre-Biogas 2 CW Biowaste CW Pre-Biogas 3
Stream Number unit 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00
Temperature C 25.00 25.00 17.39 37.00 37.00 37.00 37.00 37.00
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 0.20 0.00 1.00 1.00 1.00
Liquid Fraction 1.00 1.00 1.00 0.80 1.00 0.00 0.00 0.00
Mass Enthalpy J/ke -1.23E+07 -1.60E+07 -1.32E+07 -1.35E+07 -1.57E+07 -7.94E+06 -8.81E+06 -7.87E+06
Mass heat capacity J/ke-K 3129.10 4768.88 3486.27 3736.37 4730.53 1270.40 1049.08 1292.14
Mass Density ke/m3 803.61 959.49 841.27 4.02 954.15 1.16 1.76 1.13
Volume Flow m3/hr 41.48 11.58 52.83 11075.52 33.24 11042.28 520.24 10494.95
Average MW 26.27 18.02 23.57 20.65 18.44 29.37 44.52 28.62
Mole Flow

CHa kmol/hr 0.00 0.00 0.00 205.07 0.00 205.07 0.00 205.07
co2 kmol/hr 0.00 0.00 0.00 205.07 0.07 205.00 20.50 184.50
H20 kmol/hr 1191.58 185.03 1808.34 1736.98 1714.28 22.70 0.00 22.70
H2S kmol/hr 0.00 0.00 0.00 0.64 0.00 0.63 0.00 0.63
NH3 kmol/hr 0.00 0.00 0.00 1.91 0.06 1.85 0.00 1.85
Cco kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kmol/hr 48.31 0.00 48.31 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 28.01 0.00 28.01 5.60 5.60 0.00 0.00 0.00
PROTEIN kmol/hr 091 0.00 0.91 0.27 0.24 0.03 0.03 0.00
TRIGLY kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 1268.81 185.03 1885.56 2155.54 1720.25 435.29 20.53 414.76




CW Condensed CW Treated CW Solid Recycle CW CW Discharged
Stream Name water Total CW wastewater water waste wastewater water CW Biogas Total Biogas
Stream Number unit 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00
Temperature C 5.00 36.31 36.31 36.31 36.31 36.31 5.00 5.00
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.01 0.00 0.12 0.01 0.01 1.00 1.00
Liquid Fraction 1.00 0.99 1.00 0.88 0.99 0.99 0.00 0.00
Mass Enthalpy J/ke -1.61E+07 -1.55E+07 -1.60E+07 -1.27E+07 -1.55E+07 -1.55E+07 -7.74E+06 -7.71E+06
Mass heat capacity J/ke-K 4788.07 4626.35 4764.10 3769.84 4626.35 4626.35 1226.62 1233.61
Mass Density kg/m3 976.13 57.06 949.61 8.25 57.06 57.06 1.28 1.28
Volume Flow m3/hr 0.37 578.23 29.94 552.65 578.23 578.23 8970.26 11747.89
Average MW 18.02 18.74 18.02 24.96 18.74 18.74 29.16 28.99
Mole Flow
CH4 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 205.07 271.58
co2 kmol/hr 0.00 20.57 0.00 20.57 0.00 0.00 184.50 238.38
H20 kmol/hr 20.14 1734.42 1578.32 156.10 0.00 1578.32 2.57 3.36
H2S kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.63 0.90
NH3 kmol/hr 0.00 0.06 0.00 0.06 0.00 0.00 1.85 2.58
Cco kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 0.00 5.60 0.00 5.60 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.00 0.27 0.00 0.27 0.00 0.00 0.00 0.00
TRIGLY kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 20.14 1760.92 1578.32 182.60 0.00 1578.32 394.62 516.80




Preheated Treated gas to Treated gas to
Stream Name Compressed Biogas Make up MDEA Pressurized MDEA MDEA Treated gas fuel gas CBG Liquid waste
Stream Number unit 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00
Temperature C 70.48 25.00 25.05 43.00 43.80 43.80 43.80 0.00
Pressure atm 2.00 1.00 3.00 3.00 1.97 1.97 1.97 1.00
Vapor Fraction 1.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00
Liquid Fraction 0.00 1.00 1.00 1.00 0.00 0.00 0.00 1.00
Mass Enthalpy J/kg -7.63E+06 -1.29E+07 -1.29E+07 -1.28E+07 -6.20E+06 -6.20E+06 -6.20E+06 -1.60E+07
Mass heat capacity J/kg-K 1328.44 3911.35 3736.16 3753.14 1871.97 1871.97 1871.97 4216.37
Mass Density kg/m3 2.06 1020.26 1020.32 1012.60 1.50 1.50 1.50 999.68
Volume Flow m3/hr 7258.43 176.23 176.22 177.56 4294.01 3435.20 858.80 0.04
Average MW 28.99 22.87 22.87 22.87 19.68 19.68 19.68 18.02
Mole Flow
CH4 kmol/hr 271.58 0.00 0.00 0.00 271.43 217.14 54.29 0.00
CO2 kmol/hr 238.38 0.00 0.00 0.00 41.53 33.22 8.31 0.00
H20 kmol/hr 3.36 7484.83 7484.82 7484.65 14.23 11.39 2.85 2.46
H2S kmol/hr 0.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH3 kmol/hr 2.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CcO kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kmol/hr 0.00 376.79 376.77 376.61 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 0.00 0.42 0.43 0.60 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C0O3-2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.42 0.43 0.60 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 516.80 7862.46 7862.46 7862.46 327.19 261.75 65.44 2.46




Pressurized Rich

Preheated Rich

Stream Name Pre-CBG Rich MDEA MDEA MDEA Acid gas Lean MDEA 1 Lean MDEA 2 Total Lean MDEA
Stream Number unit 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00
Temperature C 0.00 58.28 57.96 90.00 5.00 5.00 135.04 134.88
Pressure atm 1.00 1.98 3.00 3.00 2.96 2.96 297 2.96
Vapor Fraction 1.00 0.00 0.00 0.01 1.00 0.00 0.00 0.00
Liquid Fraction 0.00 1.00 1.00 0.99 0.00 1.00 1.00 1.00
Mass Enthalpy J/kg -6.02E+06 -1.26E+07 -1.26E+07 -1.25E+07 -8.96E+06 -1.58E+07 -1.25E407 -1.25E+07
Mass heat capacity J/kg-K 1779.54 5305.00 15553.48 16564.46 845.00 4258.19 8079.63 3905.87
Mass Density kg/m3 0.88 1045.88 1046.18 319.85 5.80 997.59 948.50 855.88
Volume Flow m3/hr 1407.32 180.08 180.03 588.85 1459.31 0.08 189.56 210.17
Average MW 19.74 23.97 23.97 23.87 43.88 18.12 22.90 22.90
Mole Flow

CH4 kmol/hr 54.29 0.15 0.15 0.15 0.15 0.00 0.00 0.00
co2 kmol/hr 8.30 1.38 1.36 35.77 191.84 0.01 0.00 0.01
H20 kmol/hr 0.38 727891 7278.88 7313.29 0.57 4.24 7464.41 7468.65
H2S kmol/hr 0.00 0.20 0.20 0.28 0.28 0.00 0.02 0.02
NH3 kmol/hr 0.00 2.58 2.58 2.58 0.14 0.04 2.40 2.44
CcO kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kmol/hr 0.00 159.69 158.74 205.84 0.00 0.00 371.16 371.16
MDEAH+ kmol/hr 0.00 217.52 218.47 171.37 0.00 0.00 6.05 6.05
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 174.13 173.24 151.43 0.00 0.00 4.72 4.72
CO3-2 kmol/hr 0.00 21.34 22.26 9.65 0.00 0.00 0.28 0.28
HS- kmol/hr 0.00 0.70 0.71 0.62 0.00 0.00 0.60 0.60
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.00 0.00 0.01 0.00 0.00 0.16 0.16
Total Mole Flow kmol/hr 62.97 7856.60 7856.58 7890.99 192.98 4.30 7849.80 7854.10




Preheated Acid

Compressed CO2

Stream Name Recycle MDEA gas Scrub water Pressurized water | Treated Acid gas Pre-CO2 1 1 Acid liquid waste
Stream Number unit 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00
Temperature C 25.00 90.00 25.00 25.09 25.35 10.00 110.06 10.00
Pressure atm 3.00 3.00 1.00 3.00 2.96 3.00 8.51 3.00
Vapor Fraction 0.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00
Liquid Fraction 1.00 0.00 1.00 1.00 0.00 0.00 0.00 1.00
Mass Enthalpy J/kg -1.29E407 -8.89E+06 -1.59E+07 -1.59E+07 -8.97E+06 -8.97E+06 -8.88E+06 -1.59E+07
Mass heat capacity J/kg-K 3390.16 917.64 4179.20 4179.17 865.39 849.26 952.20 4189.25
Mass Density kg/m3 1021.26 4.46 997.17 997.24 5.37 577 12.08 998.89
Volume Flow m3/hr 176.13 1900.64 25.07 25.07 1564.19 1449.98 692.66 0.02
Average MW 22.90 43.88 18.02 18.02 43.70 43.88 43.88 18.08
Mole Flow

CH4 kmol/hr 0.00 0.15 0.00 0.00 0.15 0.15 0.15 0.00
co2 kmol/hr 0.00 191.84 0.00 0.00 189.77 189.76 189.76 0.00
H20 kmol/hr 7468.78 0.57 1387.71 1387.71 2.12 0.79 0.79 1.33
H2S kmol/hr 0.01 0.28 0.00 0.00 0.01 0.01 0.01 0.00
NH3 kmol/hr 2.44 0.14 0.00 0.00 0.00 0.00 0.00 0.00
CcO kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kmol/hr 368.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 8.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 2.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kmol/hr 2.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 7854.09 192.98 1387.71 1387.71 192.04 190.71 190.71 1.33




Pressurized scrub

Preheated scrub

Pressurized lean

Stream Name Rich scrub water water water Off gas Condensed liquid Lean water Total lean water water
Stream Number unit 57.00 58.00 59.00 60.00 61.00 62.00 63.00 64.00
Temperature C 29.55 29.68 90.00 5.00 5.00 151.99 114.82 117.46
Pressure atm 2.97 6.00 6.00 4.93 4.93 4.94 1.00 3.00
Vapor Fraction 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Liquid Fraction 1.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00
Mass Enthalpy J/kg -1.58E+07 -1.58E+07 -1.56E+07 -8.95E+06 -1.58E+07 -1.53E+07 -1.55E+07 -1.55E+07
Mass heat capacity J/kg-K 4226.61 4177.10 4205.67 857.03 4196.16 4322.52 4239.23 4243.88
Mass Density kg/m3 993.65 993.71 854.64 9.81 997.95 914.88 946.94 944.91
Volume Flow m3/hr 25.24 25.23 29.34 6.33 2.50 24.61 30.12 30.18
Average MW 18.06 18.06 18.06 43.92 18.17 18.02 18.02 18.02
Mole Flow

CH4 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO2 kmol/hr 2.07 2.07 2.07 1.41 0.67 0.00 0.00 0.00
H20 kmol/hr 1386.16 1386.15 1386.15 0.00 136.41 1249.75 1583.13 1583.13
H2S kmol/hr 0.26 0.26 0.26 0.01 0.25 0.00 0.00 0.00
NH3 kmol/hr 0.14 0.14 0.14 0.00 0.12 0.02 0.02 0.02
CcO kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 1388.64 1388.64 1388.64 1.41 137.45 1249.78 1583.16 1583.16




Scrub water

Cooled Recycle

Preheated fuel

Treated gas to

Stream Name waste Recycle water water Pre-Fuel gas gas Fuel gas CHP Oxygen
Stream Number unit 65.00 66.00 67.00 68.00 69.00 70.00 71.00 72.00
Temperature C 117.46 117.46 25.00 43.78 100.00 73.86 43.78 25.00
Pressure atm 3.00 3.00 3.00 1.97 2.00 1.25 1.97 1.00
Vapor Fraction 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00
Liquid Fraction 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00
Mass Enthalpy J/kg -1.55E407 -1.55E+07 -1.59E+07 -6.20E+06 -6.09E+06 -6.14E+06 -6.20E+06 -2.98E+02
Mass heat capacity J/kg-K 4243.87 4243.87 4179.27 1866.22 1993.47 1927.74 1866.22 918.89
Mass Density kg/m3 94491 944.91 997.25 1.50 1.29 0.86 1.50 1.31
Volume Flow m3/hr 3.73 26.46 25.07 858.81 999.82 1491.99 2576.43 7962.29
Average MW 18.02 18.02 18.02 19.68 19.68 19.68 19.68 32.00
Mole Flow

CH4 kmol/hr 0.00 0.00 0.00 54.29 54.29 54.29 162.86 0.00
co2 kmol/hr 0.00 0.00 0.00 8.31 8.31 8.31 24.92 0.00
H20 kmol/hr 195.45 1387.68 1387.68 2.85 2.85 2.85 8.54 0.00
H2S kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH3 kmol/hr 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00
CcO kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 325.76
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 195.45 1387.70 1387.70 65.44 65.44 65.44 196.32 325.76




Compressed Condensed flue
Stream Name oxygen Mixed Fuel Pressurized fuel Flue gas Flue gas 2 Flue gas 3 Cooled flue gas gas
Stream Number unit 73.00 74.00 75.00 76.00 77.00 78.00 79.00 80.00
Temperature C 113.97 83.46 236.69 3000.00 2696.96 2389.73 169.77 0.00
Pressure atm 2.00 1.97 592 6.00 1.98 0.65 0.65 1.00
Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
Liquid Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Mass Enthalpy J/kg 8.20E+04 -1.65E+06 -1.45E+06 -5.03E+06 -5.75E+06 -6.46E+06 -1.06E+07 -1.61E+07
Mass heat capacity J/kg-K 938.22 1205.74 1351.41 2403.83 2335.77 2260.68 1376.30 4545.31
Mass Density kg/m3 2.02 1.85 3.88 0.61 0.22 0.08 0.49 1016.80
Volume Flow m3/hr 5171.57 7749.02 3698.07 23444.06 64446.94 175073.59 29050.91 591
Average MW 32.00 27.41 27.41 27.41 27.41 2741 27.41 18.02
Mole Flow
CH4 kmol/hr 0.00 162.86 162.86 0.00 0.00 0.00 0.00 0.00
co2 kmol/hr 0.00 26.32 26.32 189.18 189.18 189.18 189.18 0.00
H20 kmol/hr 0.00 8.54 8.54 334.26 334.26 334.26 334.26 333.38
H2S kmol/hr 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
NH3 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CcO kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 325.76 325.76 325.76 0.04 0.04 0.04 0.04 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 325.76 523.49 523.49 523.49 523.49 523.49 523.49 333.38




Compressed CO2

Pressurized utility

Pressurized utility

Compressed CBG

Stream Name Pre-CO2 2 2 Utility water water water 2 Utility steam Preheated CBG 1
Stream Number unit 81.00 82.00 83.00 84.00 85.00 86.00 87.00 88.00
Temperature C 0.00 102.83 25.00 25.02 25.01 159.78 50.00 197.52
Pressure atm 1.00 3.00 1.00 3.00 593 593 1.00 3.96
Vapor Fraction 1.00 1.00 0.00 0.00 0.00 0.82 1.00 1.00
Liquid Fraction 0.00 0.00 1.00 1.00 1.00 0.18 0.00 0.00
Mass Enthalpy J/kg -8.98E+06 -8.89E+06 -1.60E+07 -1.60E+07 -1.60E+07 -1.36E+07 -5.93E+06 -5.63E+06
Mass heat capacity J/kg-K 828.27 928.97 4528.80 4528.56 4528.23 2496.56 1873.10 2266.48
Mass Density kg/m3 1.97 4.30 993.03 993.01 993.02 3.79 0.75 2.03
Volume Flow m3/hr 4230.15 1939.64 25.18 25.18 25.18 6597.79 1667.21 613.75
Average MW 43.89 43.89 18.02 18.02 18.02 18.02 19.74 19.74
Mole Flow

CH4 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 54.29 54.29
co2 kmol/hr 189.18 189.18 0.00 0.00 0.00 0.00 8.30 8.30
H20 kmol/hr 0.88 0.88 1387.71 1387.71 1387.71 1387.71 0.38 0.38
H2S kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH3 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CcO kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.04 0.04 0.00 0.00 0.00 0.00 0.00 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 190.11 190.11 1387.71 1387.71 1387.71 1387.71 62.97 62.97




Compressed CBG

Compressed CBG

Compressed CBG

Stream Name Cooled CBG 2 3 Cooled CBG 3 4 Cooled CBG 4 5 Cooled CBG 5 CBG
Stream Number unit 91.00 92.00 93.00 94.00 95.00 96.00 97.00 98.00
Temperature C 70.00 182.94 80.00 200.87 100.00 227.48 130.00 133.21
Pressure atm 9.88 27.65 27.65 80.94 80.94 240.82 240.82 247.73
Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Liquid Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mass Enthalpy J/ke -5.90E+06 -5.67E+06 -5.89E+06 -5.65E+06 -5.88E+06 -5.62E+06 -5.88E+06 -5.87E+06
Mass heat capacity J/ke-K 1956.88 2277.74 2054.23 2425.88 2297.58 2685.32 2676.82 2681.22
Mass Density ke/m3 7.01 14.65 19.38 41.12 55.00 109.88 144.70 146.75
Volume Flow m3/hr 177.30 84.88 64.15 30.23 22.60 11.32 8.59 8.47
Average MW 19.74 19.74 19.74 19.74 19.74 19.74 19.74 19.74
Mole Flow

CHa kmol/hr 54.29 54.29 54.29 54.29 54.29 54.29 54.29 54.29
co2 kmol/hr 8.30 8.30 8.30 8.30 8.30 8.30 8.30 8.30
H20 kmol/hr 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38
H2S kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NH3 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cco kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SO2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INERT kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CELLULOS kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEMECELL kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PROTEIN kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRIGLY kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEA kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MDEAH+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H30+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HCO3- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO3-2 kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HS- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H+ kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OH- kmol/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Mole Flow kmol/hr 62.97 62.97 62.97 62.97 62.97 62.97 62.97 62.97




