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FCl
FCI,
FM
IRR
ISBL
LNG
MOP
NG

NPV
ORC

PEM

Sa

JouanwaluazAiga (Abbreviations)

¥ '
|

fufiwanudeuninudou, Heat Transfer Area (m?)

Auset, Annual Value

gnsnsdulesiel, Compound Annual Growth Rate
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G’funumimamimmw, The Cost of Manufacturing

ANNAUTBUTUNE, Heat Capacity (J/kg-K)
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AunuingAy, Total Raw Material Cost

suuasseyulag, Total Utility Cost

WU ugUdnas, Diameter (m)

AdRNTIA, Depreciation

iwsﬁunu, Discounted Pay Back Period (V)

L?iuamuﬁuéfu, Fixed Capital Investment
Funumsasuiusileaglisinsafiau, Fixed Capital Investment without Land Cost
Uaduvilnvesian, Material Factor

émeamammuiumiamu, Internal Rate of Return
i’lméfmﬁtﬂwuauwmmm%’uﬁmawaﬂiamu, Inside Battery Limits Plant Costs
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uNE5IIUYIA, Natural Gas

aunuiisudusens, The Number of Operators per Shift

yar1U290ugws, Net Present Value
nszUIUNSHER T AIE TN INIusIAUaI5BUNIE, Organic Rankine Cycle
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1. uni1 (Introduction)
1.1 NuazAUFIALY

1.1.1 WAITUAUDUINWAGSITUBIRLNRAD

uAasssHYIAMAT %38 LNG (Liquefied Natural Gas) Ao ufasssuvafiiiunsangamniilieglugivesmar el
qudsldlnede iewnivsinasesninanusiiduuia 600 wh wildssndaiuiivasndanulumsuudet? §asvmelved
auslusionind LNG naunudSinaufasssunitusnilnefifuulduanas lnstidrandssnadioutiu Ao oun uas
Sndaund siidwdu LNG 9 neUsena 1wu n1and Suladife waresawside® enunuusmsdanisuiasssuyAd
2558-2579 9xiin1uiudn LNG iinsnnd uauds 22 duiusedlul 2579 daudu 71% vesnsldufaluuseme eossnuia
sssuvRfndnlilussmaas i nUssmmdounivinuanas luvusiguaslulsammivtuegiemoidos

uiadidfomagalfidudomdmdnlunisadalniinessema uaglfidudomaslusoud (Natural Gas for
Vehicles: NGV) Tag LNG fisidnasiuliludainfiveunalng neursidsuansliduuiauazdamuszuuvie fanszsuiuns
Wasuanugves LNG Mnweswanlindulfuuia (Regasification) sndunislaeifivgamniives LNG Wgstudu 10-25 °C 7

v v
o

AR 16,770 kPa® gaazldinmziaidusinansdmsunaniUdsuanmnill naldainnszuiunisningnn fe LNG faumngigeau

suldsuluuidluign widsgadernnszuiunisi fie “wdsuanudu” {Weawin LNG Fvegluaouzvesnaituiigamgl

'
o

AN szl -160 °C ety nszurunsaafndsibiinanudulugiiuuresindugnuaesamsiandt 2,500 fusodalug

= a a

FelumAnthanubuildannszuaunsiulslianusslenifudsema s Savdmnuamubuinanannsouyadussld
4 929 pugUn)ives LNG %4l Deep Cold Uszanau -160 f3 -70 °C Medium Cold Uszanas -70 &3 -10 °C Low Cold Usza
-10 9 -5 °C udz Low Low Cold Uszana 5 fia 25 °C

Uszmalnglihitannmsliusslovinnmdanueuduguuvlufunadulavesnmsind ING wlelymdesldauiled
nsd i lusSnadigs fedunsifumuuuimsssvidvemssumanianszidiogin TaoFuniseiaun 2 Tasins

1) Wamaluladmssnifusagiedeudioanubu Tnswanmsesnuuugunsaluasdaidenansinfueaniu

2) fiwumsvgnlsiidesiun dmdsnumiubuain LNG fthansmsussmanswiunsldufansueulneenlas

Fadunandanassleuadlsaenuiasssurfinsseod Favinmsuenuianuaalatusilve lnenisiiuaisusulasenlamiulsaniy

¥
= A

FIATANUINTUGITY WoWU2AUAIUTUYDINAINATEUNNTVBIDINA ALY IRENTINTFUATIEVIAIBLAIEITY NYae

WigAulneg959a157 sennenesnnas wazeenneneanrauenggnIa 1y Maudny (Giant Tulip) fadusddiesdiu

£

a A

(Queen of Night Tulip) kazdadndu 3 u
wenantl azfinsiwugnavnssuiesdu (Cold Storage) iasaasunisndnnaldduluiugiuasugionuiuves
Jrinszeeanardunys usnaniaubusdidalinismunudadiuussennie loun Usinaeendiau msueulasenles widu

wazlulasiau Tngauwazen Wievzanisan n1sideNanIn wu saully uazwnde sudwemuaudelsauisyiingie vil

¥
= ] a o 1

Tanunsadaognisinusnednualdliuiuiu dawadseinuasnsliinazdmigludssinavsedisen SnvisluussmadUudald
nannsvualniinaeInInsusaAuansBumnie (Organic Rankine Cycle) Nfigawiu e Lifinsudesveuds Td5aulunsyuiunen

oA ananaonTaunaz bulasauadls vinlvaiuisaannistandsnulniinasussunad 30% 199058 UIUNITHENDINALND



6

nanwfdenavinssy wardiaunsomdsnuanudululdvsslenilunsinvmmenisunng (Cryotherapy) wasiiuussavann
yaalgarsian Y
a o < & a o 4
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£ a 9 <

Saa Bnvia WuAsImnzaudmsunisdanulnimyudeuluUSunaunnt

Y

A a Y a = a
1aNNVaNY AR WaA H, TaUSunaann LASHAINUTEN

v
& A a

Tngazldnszuiun1sdounduvanwadidolnds (Fuel Cell) ranlasaiildazidulie

A o a I3

U19DUVBILUY (Solid lon Conducting
Membrane) dslutiagUuieadidomasidenlslunssuiunisusnmdelifiuvunediwesvesudsandurinbenanudey
TUsnau e Proton Exchange Membrane (PEM) Faifafinanausznis e laezunsy wie odarlnsladanusavirliunsunn
16 i lsinsthlsiduedsiiuszansamlagliiAanssitruvesufandndoet lifnslvavesdianlnglad ludesiinisnsesuen
wad Hufinsredaindon way H, Alddaruuiansaemnnuinndt 99.99% Tnglua Snvidldlfidedanudugs 168 20,000 kpa
TnelsifedldgunsaineuenszuuriliAnauaenfbunndeduls

YoNaNil HERANTIINTRINTTUIUMSTIELNTaNER O, Mensunmdidenadestunisldeluaaiunisal COVID-19
Fadulsediiodostuszuumadumela uazdenfuefondlussuumaiumelafildsunansenuanniigninmsinidodidesa
Tiszansnmlunisuanidsuniasendiau (0,) wazaiusulpsenlasanas (CO,) Wmdunnznieseandiau fodldiadostie
ymelale vilienudesnisld 0, mensunmdgstunaludeanunituas 300-350 fu Hutuag 400 fu vide iiudu 20017

1.1.2.3 A52UUN1TIINTUIIAUA1UN3EY (Organic Rankine Cycle — ORC)

'
1Y

Mamdnlnivesszimalvnetusg Nuseau 42,000 wingdnd §911nn31 60% KARNUAASTINYIA BnUsENIN 15%
nanaINaIuiy 15% Wulwihaldanlow wdsnunyulew 1wu e waendfind au uaz 10% SuTioand1slszme liun a1
S I Y e a a < 1Y) "o 2 & a ] o w
wazaade Jadulainlsemalnglduiasssumandalniiidundn willesnUinauiasssumaluenlvemdanauazens

derasioanuuAwunasuresUsmaldt® anuRvesnuensTinIsulsvenasuwisAUsTnalngazajslugnisndnlai

a o

o ~ & o a1l v M a
MNAAINIUAYUITUNINVU mﬂmiﬂizsqma:u‘umﬂizL‘VlﬂmﬂauammﬁaﬁﬂizmﬂﬁﬂmﬁﬂﬂjEJﬂ’]iL‘UaEJULLUaQamWQ‘Mmmﬂ (COP)

q

a

FalinsmnuauwwIniansaIuaun1sUaes CO, fim Carbon Neutral Wunsuassufia CO, gnaidugud gnannnssunisnanlnih

=% o & v i = a o a a | @ ) & = v a
Jsdndudesannisudes CO, Fuinnisvanensandugsiallguinnssundnuazorauiniu islianamnssuniswdnlih

999U SLMALALEDAAADINULUINIINSHAIUNBE19T9gURINaN Y]

a

walulagndsnuazornnaiuisatianuduiaunaia luldndalniwaz i Wi iudsleunldlufanisveenueadu

9 Y

AsTILann1sEA1sTaliinanAeusnlatidanndaiunNIsATEURIN1TRE19SITULATaLaTNYNIEINA WAlWlagn1suan LN

naulalulasanis Ae nsudnlniialedgdnsusedu (Rankine Cycle) uay 0dnsusesAua1sdumnse (Organic Rankine Cycle -
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ORO® T ¥dnsusedu fe Tdnsnisndalily dmsulselaihvwmelugdinldunduasdmsumyuioulussuu Fedosld

gaumgiiuazauiugs wa IHdemdsssurimeluwadiniuiouluniosseme (Evaporator) PV @y ORC Wuszuunis

9 Y

'
a o

wanluivundnTnevinnuilgungiish 19a1s8uns wu asuszneulelasesueuusransianuduumudilunfnsusedu
vl ORC faudunarumnion Tedwmalidunundanus uanaini TofEnUsznisuilsnes ORC Ao annsandnlllas
Full Load uaz Partial Load saaiaiiesngesnusnann? dady ORC Jamnsdunadeniifdmsunsndnli

nsudnlnfidieszuu ORC Wewssuifisusussuuay 4 wu ssuundnlniirdefeiuledn (Steam Turbine) f4o7
saeUaznig Hel

1. UsgAvignimvesssuunugs lngamzegdinisinluldlussuundnanueusiu (Cogeneration plants)

2. UsgAnSnnvesieiugauszanu 90%
3. AUASEAYDIATDIINTALLDIIINAMUSINTTAADUNVRIAN TV INUTUSTUUAN
< Y] ° o v 1 4' o a [ YY) a 6
4. anUSIsauveInIusv L sanemsasn el lalngsssiuneiy Ineusiaannifesnaseu
5. lufinnsiansauvastuiaiu wesanbifianuduluidalaveswesluarinanu

[

6. fimgnisldauen Wesnauautiveswetnarinauiilimilouleunfdnazduaiuwasiinn1sdnnseuresnds

wazluiamy

v
[y [

UsyAnsnmnssdnlaliindieszuu ORC axduegivssdugmumyiuassnamesanudoundotieitnludnlnihes
anudszneunis lavhlumaluladmswdnliindessuu ORC axfivszAvBamlnesaudssanm 15-25% lnefiuszavinimas
wstunssugamgithioufidinedosssve uasiiduiidiadoseuuiiu (Condenser)?
1.1.2.4 nszurunsiauduriu Data Center

Tuted 2563-2565 yarmainnnsliu3nig Data Center smmaslanaainazidulaseiloasn 23% tneiitadevmyuain

pa1m Public Cloud iulalaneau iasanaiuisanaulandmsidaulusesusssnsnieldialvg (New Normal) Iaidusensd

' [
a = 1

won3nil InUTuamsiiveyaniiiuduegedeilasnunisimuiveunaluladfdng wazdnsinisidndeauialng waz
a s & < qu PN £ o QIU A Iy-uxg[za] o =
duwesidnauiigawesruilaaliiuundu dns1nadulafenaifiunldanseindu 2 nn1sunsseuinves COVID-19 @4
& U 1o w D o = v | o a a & ] Y i v o a 1A
Juladeiseddglviesdnsiunalulad Cloud iundiglunisaniugsiauniy uazanduuiliudeinanagdiniuseliasiy
Tusuien wasanmalulad Cloud anunsavivandunuludulefiliiuasdnsuasdiglisdruieanuasaantindnanulusiing
asavhaulavninniamugeawIsng o 1wy gendwisn1sianisgnan (Customer Relationship Service, CRM) gavliiias
nsUszguszerlng (Teleconference) wawsdiwisnmsdnvinenaisesulatl uag E-Signature 1Jusiul?”

v s A

& ez N A a s & ¢ alg o
o4 Server Uag Data Center {uaudvoyaveininsnilinIasnauiiames Server szuulnsauuiay suviagunsalily
= [ | | . L3 ! dyo [ ¥ a 4 Y = o Y a o/ v & =
Wouleadyans a1y Switch wag Hub laegunsalmantidnluseataldnunasn 24 Tl Faagihliinainusou A
Y a o o o < d'elvu % 19}d[25] lld‘u o < B a ¢ & ¢ ‘Ull
ARIAARITEUUIAEui e lissuIgaNsoulad 2 vanlddssuurianuduiniesnauiines Tiungunsalnig q agly
annsaldauldnuund? uiluvaifeatussuuyhenududedinmsmuaulidlisamgisawiuly Weswinenavibiinlein

WMEAnAAIBe Server w3e gunTalie 9 la Falinsimuaninsgiugumglainaiiieadnsniewindaumvanzay s
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20-22 °CP" fsiunseenuuuszuuianudulivasasefiunsguldauldegrsenuulumlandnvessios Server uaz Data
Center!?®
1.1.3 @159iAuLdu (Refrigerant)

wa & & °

asiAnubu (Refrigerant) Ae ansiadimanitldluszuuenudu Sauaudd fe gaiiend sumeldidfianusuund
viligadu wazihmenuouandandenldd msvhauvesasvhanuduazyhuihfdusnansdisleunnufeuluszuusi
anudu Wegunsalmuauansihaubudaamsihanududilulueiossme asanubuasiinnsitesuazsvasuaniuy
naneidule nduasifnnnudosmagadutiinueuiounazanufoundinigluuinaiifesnslifnmimdu Wy nelutes
vienmelugfaduuinalassouronniotssve uaranufeuiianshanubuiuludasgnssunevdedeleussnmeusnuiini
FosmsliAnaaduiigunsaimuuiy dudugafiarsienuduezsiinnsndud adtewdsuanuslinaneduveanardady
waglvadeudndssuunanaduigdnsinannuu
1.1.4 viavasssvianuduiilinalu®! aunsaudinunaauifmanild 4 Yszion 1iun

1. ansngu CFC (Chlorofluorocarbon) fldautsznautes aasiu Wapedu wavaiveu arsvhanuduiioglunguil u
R11 uag R12 Ssiriusndnislénuegiaunivas fenaaonds uagliiduiiy

2. @19ndu HFC (Hydrofluorocarbon) fidrutsznouves lelnasiau Wgoodu uazarsueu ansvarandudieglungui
WU RAOTC way R13da tnzanndmiunsldailuaiessfuomemly mgldfiie Lifiels lddanseugunsal wagliviiane
Tolguluduussenna

3. @13n§u HCFC (Hydrochlorofluorocarbon) fduusyneuves lelasiau aae3u Wgessu wazasuau a1sinauiy
foglunduil wu R22 Fafuansvhanubuiimngfussuuresgunsaififvwadn Wesnniivimnssumeties vlfvuinves
AoumsawosTivuadnnhmesmsawe s ldansvhanaduy R12 uazdsduualiunssivaditesndn siangnnin

4. ansnga HC (Hydrocarbon) Sdhuusznautes lelnsiu wazaniveu ansvhanudulunguil wu R290 (Propane) &
anslunduildssanszmusetulolsutionndn 3 nauusn
1.1.5 ansianuduludagiu wee wwnlinvesasianudulusuian!

anunsallanlutlgtulfidnamslandou iesnmaiinduresiinuufaFounszan wasiidrdy Ao Tuussenie
Tolsugnyhans fisnusnansvhenudulundu CFC uay HCFC Sinansenuseduussennielanuin Saudngu HFC aslsifinanseny
sotuusssnalan uddeliAnanzieunszanis 4,000 whwesasueulaeenled fuiu madenldamhanuduazdos
pszntinuazAddmanssnumanisng Jdldfimssinundftannsatseniwansenustedulelauly e

1. ODP (Ozone Depleting Potential) idudnfivendsnisvhanedulelou ileufuarsiainudu R11 fmualiilen
Winiu 1 1aue

2. GWP (Global Warming Potential) {udnfiiisusuufansueulaeanles wemiivendsnnizifounsyan Wisusu
msuaulaeanlen Mvualadaiu 1 e

Mnanumsnifng Sufndennas iBaaAeln uay AGasueuvdesa iomuau Suds uazsusadliannisuanuas

msldasrianudugluuumnlivaendesedulelent Tlunmsimuanisidentdansinannudunlirifisia ODP uay GWP
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g0l Famsdenldansvihanuduiifaisiar ODP WWugud uazan GWP i lasansianudulueuian sxajslugnisldasvi
AUdUsTINYIR Wy a1suszneulalasmsveutaduasinumesgluaninwindey A1 ODP Wiy 0 uaxildn GWP ¢ Fadie
Juneenddglunisdisussinimansevusedswindeu® lnsnansuszmeluglsuliduiulevienisiuldans CFC wag

HCFC Wuansvinanudundn

Refrigerant Atmospheric | Ozone Depletion | Global Warming
Litetime (Years) | Potential (ODP) | Potential (GWP)
(100 Year)

Ammonia  |R-717 - 0 <1

CFC CFC-11 50 14000

(no more) | (Baseline ODP)
CFC -12 102 1 10900

HCFCs HCFC-22 13.3 0.055 1820
HCFC-123 1.4 0.02 93
HCFC-141b 9.4 0.11 630

HFCs HFC-134a 146 0 1300
HFC-245fa 7.3 0 820
R-32 - 0 675

HCs HC-290 - 0 3
(Propane)
R-1270 - 0 <2
(Propelene)

HFC Blends | R-404A - 0 3260
R-407A - 0 1770
R-407C - 0 1530
R-410A - 0 1730

co2 R-744 - 0 1

HFOs 1234yf, - 0 47
1234ze

g'ﬂﬁ 1.1 ODP waz GWP 483a15¥i1AuLuB?
° 2 a X P ) ° | a | o | P « ° & a a y = @
ansvhanudunneulandginisldauiarndlan Wiludnisaaludvinlug Tnenmsldnu “asvianududies” sadu
a139AuLdusTIUTATEA1 GWP Wiss 3 mhewiu fe a1svienudusssun@ R290% adudiuniwesindnsmneiissd

Ada X a oy a ' 1a 1% I a = ' a o & = & I o g
LﬂﬂJV]LﬂﬂsUumijﬂmquﬁﬁillqum WWIWLNaUaaﬂaaﬂgaﬂLL'](ﬂaallf\]ngllLﬂﬂNaLﬁﬂLLagiﬂﬂauaWUagam PNUU ﬁ]ﬂuulﬁ]lﬂﬁﬂﬂzluwﬂaﬂﬂsuu

v A =

Tolounazlidmansznusaniizlandau Nd1anee WelieuiuaisvinauduluuniIty Sa1unsadloannisia bl laainds

o

= 1

5-25% faeuszansamlunisvhauiinnn Jenanldd ldifeauataeTanwidu wigldnuesissldsuuslsnilunioudy
Tutlaqiiu finsFuth R290 inldnuudaly 103 Uszimavialan Tasavnmelsuidunumihsumsndndunsldasihnnudud
Je7 suanusaiennuatgmedanlunisiieuids siww wasndngunsalfisesiunisldnuldads muludanisadanniy
aszmin uazsasiiiotiefundlalamilandeu fufu nsliidordnuissmalng Sesufvesdnsanusauilosswing
Usewruaaeosiu aliulasans Thailand RAC NAMA (Thailand Refrigeration and Air Conditioning Nationally Appropriate
Mitigation Action) Inendnsuligmanvnssusng o Wiiusnldasviananduiduinsdedwnndon duaiunisuanuagnisly
wialulaBansyiaudusssuni R290820
1.1.6 a1 (Flare)i

TunsdififufadiuAuanszuunmandavieriearsinamuduuuulalnsasueusenin vewnagvhmiiwudamady
lilvfeengdanndon ananusuaingunsal desdulailinnusugaiuninfigunsalesmuldudiunnoon wu venduiitinain u

a a a = a 9 a = o o ¢ ~ Y] % o A a o =
NAUNA ﬂqﬁLﬂuLﬂiaQIUﬂqjggﬂLau ﬂaﬁﬂu’ﬂqiigLUﬂ MiavLWVL%@JVlQUﬂim LLagL‘W@{]aﬂﬂuvLiﬂVﬂfmuiauwLﬂﬂ‘ﬂqﬂﬂqiLN'{L‘WﬂJ ARG

anuSeuaududunsiereguruuenslssny uenaind vewndinaiieugwnn Jadiihidiesneanuvaensds waziinig
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&

aunaen 24 Talus aundldauluhissuiunisuasngaiuniasie Ineninaluaun s bl iiAnduegauy salans

wafivivdesgziifivwuiansueulaoenluduazindudinulszney

o
Y

wiafwwfislanlng duuiialslasasveundnuauifilugemadae i iuiwagninniteinia tnganiznsdl
wiatuntinndte1nia wu nswu (Propane) mndaegeanuilaglimniisenaiinnisasaudiluusnalndifesaiiinimenis
Insivisosuidnla

1.1.7 N1399NLUUN1INAADY (Design of Experiment : DOE)!3>3¢!

I3

& ~ Y a o aa " A a L. .
ﬂqiaaﬂLLUUﬂqimﬂa@QLUUﬂqﬁaaﬂLLUULW@Im@Na@ﬂm‘WVINﬂ'ﬂ’]lll,ﬂll']gall Iﬂ&JﬂTﬁmmVImmzauWﬁﬂ (Optlmlzatlon)

v
[

P 1AELUUTIRDMTRANN TN IANAAAN SWALITN TN sERATUgNaSUEANdTUSvesUdev i TNase Uadeueen Loy

= a a

= vy v Y] & aa 2 a a = o
mmiﬂﬂﬂ“&ﬂNamaﬂwaﬂﬁlﬂ%ﬂﬂwmuﬂu ﬂ’ﬁﬁ]@ﬂLLUUﬂTﬁW@a@QﬁNL‘Uu’gﬁﬂqiLﬂU%@NﬂaWNUi%aWﬁﬂ’]WI@EJﬂ’]'ﬁLUaEJULLUaQVﬁE]UTU

oA ' =

Aestlady (Factors) agnsllanianunenazdunanisaliasuliasusinanau (Response) NAnTu

q q

nsrUIUNSTNTdea1LdN (Factors) ane o Nlaidudasyaindu Ndwane A1 Y agldn1509NLUUNITNAADILUUNEX

(Mixture Design) Fa.duniseenuuunisnaasaiievdndiunvnzauvestadovndudealsunanue 2 Jadedulilnedananin

v
g

NasIuUSIvestadsv I rLnEdandy 1.0 50 100% Laue nandewiothdevdinis SUSuuiiuly deuvinlidade

Ydu 9 Tdndiuanas ddef Ao awnsaliasginaansauiiivun lunsadinaans iiendnsdmimvunzaunanlunt s
PONLUU FIUNTIATIwslAee1suluguaviussuudnaie
1.2 wurAnlun1seanuy (Conceptual Design)

nszUuMThngauenduain LNG wildgnesnwuuniglduudnnislivinensinundsnuegisduean iiauszlod

gean WuUszaniamnslondenu uansdesui 1.2 Ineiuduainnisii LNG Aflgumigiian wWignseuiunisaniuaisuey

Y

(Carbon Capture) Lun1siufialeide (Flue Gas) 9 nlsalniianudiu a1ndu iieiiuyad1ves CO, Fadudrgnszuiunis
Emission-to-Liquid (eTL) Aitdumaluladyildauisandnuniuea (Methanol Synthesis) lopg1edsdiu iiesarnumusaidu

ansyanunsarlulguselesile eg19nainviane laeansiany Ae CO, way H, 191 @1U15OHEM H, LAINNNTEUIUNNT

[ I3 [

didininsladavesin (Electrolysis of Water) suaglindndnminanidu H, fdanuuiandas wasdununvaundmsunisdaniu

v
a

Ty uiew annidalindadanisiuiindudn fe O, §931NN1TUNTTEUINTEY COVID-19 dewaluininudenisly O, N

nsunndgatumuluiie a1t LNG azidignszuiunsingdnsussiua1sdunie (Orsanic Rankine Cycle ~ ORC) Wuwmalulad

o w @

wisuazerniannsatanudululdlunisudalaiild wazidignszuiunisiiaanuduiu Data Center ifaadfidnsnnig

'
Y] =

Wulngeuegranntudagiu s 2 nszuiunisninan agldasianuiusssusi@ Ao R290 (Propane) duiluansviiaiu
& ad & a | a v A&, o o @ A F ovve o
Wusssunanluiinsdedaindey vie “waluladvianududiles” wenanil Siladmannisniseaniuunismaaeduuray

(Mixture Design) ladsianaainAmuminganvesnisit iUl dveausaz nszuiunmaiieiladnaiunisihndsauanuduly

¥
a A U

TfnurasianszUIUNILANLANAININTER Inendnnisrainismaasswuuranlulasinist fie msmnusdadiuuiuinnes

[
(Y

LNG Ml amsaznszsuiuni1sdsmaiuwuurunu lnedndiuazsiuduls 100 wWosidusd wanasanisnad 1.1 viail

Y @

WUSHAANS

Qo

wanilaluusaznsdindnisiudeundasdndiu fe ANuANAIMLATYSAERS dadunislivanniseenuuuranil Jadiludnadn
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gnsmaniinzauLayldninensegeiivsednsnmunnitgalunsesniuuld wenaintl Tusunmsuinsdanisansvitay
Wumniinisiilvadadinisfinnaew (Flare) iieanuvaendeilowiudneie

ANLUIAATUNITODNLUUNTZUIUNITAINANIUINAINALITUNITARNITURREWARLS o UNTZANLAD (Zero Emission) §aidu

nsiiunadszneunsiiesanlandndaeiiaiy sudwdadasidenanaiunsoadislselevdluinyusunazgnainnssy

RNCENRE

H,O Methanol

v

H,O0 y . |Electrolysis of Water| H, [Methanol Synthesis| Methanol Purification of Methanol

»
»

o N A
* o co, H,0
Lean Gas H,O >
Electricity
LNG Carbon Capture Organic Rankine Cycle R Data Center NG _
Flue Gas R290 R290
Flue Gas o, R290 | Flare [40,

gﬂﬁ 1.2 Block Flow Plant Diagram of Cold Energy Utilization from LNG

1.3 aguUnsal Mixture Design (n3al 1-10) Tun1suusdnadiuvas LNG

[
N o

Tun1399nNLUUNITNAaBIRAI8A5 Mixture Design Azdlvianug 10 nsal FelulAaznsaldyianun 3 nzUIUNIT Yn1sAnw

NaveINSUAsURUAEREIUVBIUSUI LNG Nt lUFumaznszuiunis tnednaiueasusuias LNG Auussuaisnean 1.1

CO2 capture

80 20

Cooling data

100& + + + + & + + + + ©o
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00

ORC

sUT 1.3 aguUnsdl Mixture Design (n3d 1-10)



A15197 1.1 Mixture Design LUSEA&1U LNG LeaznIzUIUNT

Scenario % CO, Capture % ORC % Cooling Data Center
1 50 0 50
2 66.7 16.7 16.7
3 333 333 333
4 0 50 50
5 0 100 0
6 16.7 16.7 66.7
7 16.7 66.7 16.7
8 0 0 100
9 100 0 0
10 50 50 0

1.4 WugIun1509NLUU (Design Basis)

[
A A

é’m%’uamyﬁgmmawugmmiaaﬂwamﬂismumim

a3AUsZNauYed LNG Miindnszuaunsildlunmsesnuuudulusudeinunanlandiilasu lunsal Lean Case &l

wiiailny (CH,) gafian Asuandlunisai 1.2

A15199 1.2 89AUSENBUVRY LNG ﬁLsﬁwéﬂizmumﬂumazmaz

%Mol
Composition
Lean Case
Methane 99.84
Ethane 0.01
Propane 0.00
i-butane 0.00
n-butane 0.00
i-pentane 0.00
n-pentane 0.00
CO, 0.00
N, 0.15
Total 100.00

13

19 9 faullulassnsiuandiluidern 1.4.1 8¢ 1.4.6 1ng

A9
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1.4.1 nszusumsiasuvesmaundunduuiadauiu (Regasification)

Amzfauanafinisad 1.3 waraussauzvesgunsallunszuiunsidsureamannnduinduniasaiiy insusuuse
WAZATITADUAIUYNABININATFUIUNTAULUUAUBNAN58198427 Taedin1suSuagaumgivdt anuduvdl uazdnsinis
Iyavas LNG smuderiviunvedlang

A19519% 1.3 aqﬂiwmﬁﬂ'wmazLLasamsauﬂumiaammu Regasification Unit

Condition Value Unit
LNG Stream
LNG Inlet Temperature -154.5 | °C
LNG Inlet Pressure 105.5 | barg
Mass Flow Rate 100,000 | kg/h
Sea Water Stream
Sea Water Inlet Temperature 30 | °C
Sea Water Inlet Pressure 1| atm
Sea Water Inlet Mass Flow Rate 20,000,000 | ke/h
Regasification System
Net Pump Power 1,823.3 | kW
Minimum Temperature Approach 51°C
Pressure Drop 0 | kPa

1.4.2 NS2UIUNTSANIUATSUBY (Carbon Capture)
p9AUsENauYRaLialolds (Flue Gas) NhUhuN15a9nkuy 91989ANU89AUSENaUYRILAALBLE8INNNSNAANSI9I1UYDY
15eluiiauiut® Teedadiulngluavesuiadamosinoonlen (SO,) wazuidlulasiaulaoonlen (NO,) WiguanwuIg mg/Nm?

M13199 1.4 3AUENOUDY Flue Gas Midgnszuiun1s

Composition Mole Fraction
co, 0.10

0, 0.0728

N, 0.6927

SO, 1.336 x 107
H,0 0.1345

NO, 2.657 x 107

AMgRauanlunsen 1.5 uavaussauzvagunsallunszuiumsaniunisueu yinsuSuuuasnTvdauaNgnfes

a

11NNTLUIUNITAURUUANLENEANT19895% TpedinsuTurgamgiiunt1ives Stream 7 Seperator islvivangauiugungil

Y

299 LNG aruderiinunainlang degamagiaes LNG fdeudngnssuiunisiailiegi -154.5 °C gudursnfigailang

muualildld wazasimnudulumgaganlandamnsalildls Fadnsnisdnduansveulneenledgnaiuaulifidiuse ua
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1%
g a

90% wirdudasleelureumalulagnisinduasusunaziniiu (CCS) Tulagdu Snvisgaumgihidewdiieldlunisnds

lothuazgamaiilothdudmiinanladianviiiu 30 way 120 °C aud1du Wuluaudade 2

M19199 1.5 agunemsmnneiazaussauglunmseenwuy Carbon Capture Unit Tunsaifiugnul>9404142

Condition Value Unit

CO, Capture Subsystem

- Flue Gas Inlet System Temperature 52 °C

- Flue Gas Inlet System Pressure 100 kPa

- Stream Temperature Outlet Steam Generation 120 °C

- Stream Temperature between Heat Exchanger 15.50 °C

- Stream Inlet Separator Temperature -102 °C

- CO, Recovery Rate ~90 %

- Compressor Adiabatic Efficiency 95 %
LNG Stream

- LNG Inlet System Temperature -154.5 °C

- LNG Inlet System Pressure 105.5 bar

- Mass Flow Rate of LNG 100 Ton/h
Steam Generation

- Portable Water Inlet Temperature 30 °C

- Saturated Steam Pressure 300 kPa
Overall Specification

- Heat Exchanger Pressure Drop 3 kPa

s
a a

1.4.3 NIZUIUNIINAALUNIUDEA (Methanol Synthesis) wasn3szuUIUNITNIUTENSIUNIUDA (Purification of Methanol) 42!

q

v [
a v I3 I3 [ v v

1. MsinUfAzen COxg) + 3Hx(g) = CH;OH(g) + H,O(g) HAnAMIIIxTUAVAITAIAUNEIRE 1L AEININUTUIMEATS

¥
U U & a

wius dnisldisauisenludafnsal Ao Cu/znO/ALO, sauvaduufisennlidoundu amendsnu
2. Tunsndunenuniuea wag H,0 98NN iANUUITFVTVLUVIUEA 1IN 99% laelua

1.4.4 nssurunsaianInsladavesi (Electrolysis of Water)™s

1. N3 AU 2H,0(0) = 2H,(g) + Oxe) ARSIz TuiUaAsuiEseEufsImUUTINMEsdNTLS Taady

' v
v v

Ufseniilaidoundu Juuisengandsanu Imafwu%qwéﬁLﬁumimmumqmﬂﬁmmﬂﬂizmumiwﬂiuﬂﬁﬁﬂé’umi‘uau
(Carbon Capture) Way ﬂizmummwﬂhﬂﬁﬁ@%é%ﬂ%ﬁ (Purification of Methanol)

2. Wnszuaumsuenihdelwihuuunedweivewdifurindewanasulusneunio Proton Exchange Membrane
(PEM) LLaquﬂsaiﬁiﬁﬁuﬂszmumi fio 18euaniudsulusmau (Membrane) $aunlnn (Cathode) iuunandiiy (Platinum)

[

Tuelun (Anode) Wusfifleseanles (RUO,) (Ruthenium Dioxide) Aldlun1suandavesin
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I3
a |

Sa91n (11NN 99.99% leglua)

Y

3. wansdaueilalasiau (H,) Nlaliauuian
4. Jualnn (Cathode Zone) agiiin H, Lazaauelua (Anode Zone) axtin O, kay H,O lagaziinisnauleniiiatt H,0
naulUlglmilunszuiuns wielidenmdssiuusunaasduiusiiiniu dnraiafindseansnmnisuanalvesul Tull 997

uAlnaagAusaUfATen (Catalyst) Ao Platinum Black High Surface Area (HSA) iusissufAzenfidanuuzansgailsla

¥
|

Vudlovluansniniut uilstauslunagfifauseujisen fo ridium Black andususejisefidiuiiiagauagiunu
1.4.5 NTUIUNTIINTUIIAUAITBUNTE (Organic Rankine Cycle - ORC)

AMzfInIadl 1.6 uwavanssnuzvesgunsalunszuaumsiginsussduansdundd ffuuulumsesnuuuuazasiaaey
ANNYNFBI9INS198s B iulieafunssuiudnduasuou Insusuusdldifios 1 Ydnsded R290 iduansyiannandy
UsgAnsnmmis Adiabatic vesgunsalufuiasunnusunnviadeavintu 95% uazmuauliasianuduiiazgnloudh

Pump faaueiduveanadudd Inedaaudulowindu 0 wazaumgivesasvinaauduwidi Turbine gnAluANegf 75 °C

o [
o a o

lndlAgatunanismeassnueedslutieiu anvis gaumgivesidewdiludiundn Chilled T¥A1m11819891%2 Wwidigaiuiu
NIPUIUNIANIUAISUDY

M13197 1.6 aguemsanziavaussauslunisoanwuy ORC lunsaliiugiul

Condition Value Unit

Organic Rankine Cycle Subsystem

- R290 Inlet Pump Pressure 125 kPa
- R290 Inlet Pump Vapor Fraction 0 -

- R290 Pump Pressure Ratio 7.562 -

- R290 Outlet Chilled Water Generation 20 °C
- R290 Inlet Turbine Temperature 75 °C
- Pump and Turbine Adiabatic Efficiency 95 %

Chilled Water Generation

- Portable Water Inlet Pressure 350 kPa
- Portable Water Inlet Temperature 30 °C
- Chilled Water Outlet Pressure 230 kPa
- Chilled Water Outlet Temperature 5 °C

Heat Exchanger Specification

- Heat Exchanger Pressure Drop 3 kPa

- Heat Exchanger LMTD (LNG - R290) 15 °C
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mssaAaIzTeInsTUIUMs I insussAumsBunisimausuusuduresamduillflunssuaums Tnsauduidn
Pump gnauAiliLdu 255 kPa uay 416 kPa mudfu FeAndsnangnimusainmsusunnsiieliginsiussansaimms
wATWEIUgean Taoriun1ssraedlulusunsy Aspen HYSYS V.11 usnindleluniniimanizaindu 1 muauuasimuslmduly
punsdifiugiu Tnsrauniignaauey uanafnisg 1.7

M13199 1.7 asusienisAinizuazaussaugluniseaniuy ORC Tunsdl Mixture Design (nsel 1-10) 7

Condition Value Unit

Organic Rankine Cycle Subsystem

- R290 Inlet Pump Pressure 1* Cycle 255 kPa
- R290 Inlet Pump Pressure 2" Cycle 416 kPa
- R290 Pump Pressure Ratio 7.562 -

- R290 Outlet Chilled Water Generation 20 °C
- R290 Inlet Turbine Temperature (1% and 2") 80 °C
- R290 Inlet Pump Vapor Fraction 0 -

- Pump and Turbine Adiabatic Efficiency 95 %

Chilled Water Generation (1 and 2™ Cycle)

- Portable Water Inlet Pressure 350 kPa
- Portable Water Inlet Temperature 30 °C
- Chilled Water QOutlet Pressure 230 kPa
- Chilled Water Outlet Temperature 5 °C

Heat Exchanger Specification

- Heat Exchanger Pressure Drop 3 kPa
1°" Heat Exchanger Minimum Temperature Approach 1.3 °C
2" Heat Exchanger Minimum Temperature Approach 0 °C
LNG Stream
- LNG Inlet System Temperature - 154.5 °C
- LNG Inlet System Pressure 105.5 bar

1.4.6 nszuruMsTiAMBUAY Data Center
amginmualdlunssuiunsvianuduiu Data Center LAFUKUUKAZATINAEBUAIINYNABININNTTIABIA 151981

lngenfignansdafiguidesandeyavasniglunisaniiunismalulad IFV (Intermediate Fluid Vaporizer) waggamgilvesin

KU U

'
S

waewdufidslunaeidu Data Center gnauauliidiaUszana 5 °C ielilulunuaudenisves Data Center Tunazifieaiu

gamalivennaeduiainduidundsigdnsasimuauyfgiuanualunisnwineu 9 og 15 °C

a

gamgiives NG weendnnszulumauyiigiunisiasdliedd 48.9 °C Fadurgamaliasiigadlosanainlasinisniy

9 Y

1

oMUUATBILANG LARININITIT 1.8
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M13199 1.8 asUTensAInzazanssauglun1seaniuy Cooling Data Center [*®

Condition Value Unit

Propane Cycle

- Propane Stream Inlet Evaporator Temperature 1.230 °C
- Propane Stream Outlet Evaporator Temperature -6 °C
- Propane Stream Pressure 400 kPa

Cooling Water Cycle

- Water Outlet Propane Evaporator Temperature ~5 °C

- Water Temperature Return from Data Center 15 °C

- Water Outlet Pump Pressure 350 kPa
LNG Stream

- NG Outlet Propane Condenser Temperature - 1.27 °C

- NG Outlet System Temperature 48.9 °C

Heat Exchanger Specification

- Shell Side Pressure Drop 35 kPa
- Tube Side Pressure Drop 60 kPa
- NG Heater Minimum Temperature Approach 2.0 °C
- Propane Condenser Minimum Temperature Approach 25 °C

3

Assumptions 11.Jﬂ’1‘5’3Lﬂ'§’]2:W§I1’\1%3m

1. mawaniasumnufeulugunsaiiineganysal Ao Lifinsgaidsanuiousenaniadesuaniudsunimiou (No
Heat Loss) wagituiilunisuaniudsunudounvunszwiiu fio 60.32 m?

2. ldfinsifinnznsunuedesaniudeuaudou (No Fouling)

3. I;J'ﬁmim?{aul,mmizé’fummgm’]sﬂw,ﬂ%ﬂqusuaﬂmaa (No Elevation)

4. mnudafieanain Suction Line Wit Discharge Line s[,um%laﬂqmm\‘lma’l

5. ansaglvaiduvie lilfldesinavesennia uaznnm sl ngiaeiiusinunslindsauanuduain LNG 100 fusiodalus

6. mgrydovidonisiilnaingunsalla 9 Fshifnsfinnsannsiilvavesas
1.5 wann1sa@nuuU (Design Philosophy)
1.5.1 Tunsalvaawmatundvundunfanaia (Regasification)

N33UNS Regasification AFsmuiueglutiagiu undslunszuiunslumsndnufasssuwd (Natural Gas) Tagagiin
95U LNG :mﬁnﬂﬁ’aﬁﬂmﬂmﬂwﬁu%ﬁaﬂWWLTJW@@mmﬁ'ﬁﬂmLﬁamf’wmm (Cryogenic Liquid State) nuazeh LNG g
nszuauM sz Tnenstiannudouriuiesd esanildsuaudeu dednlngeeldduniewanuasunnufousiin ORV
(Open Rack Vaporizer) #sagld@nansiilianufoudutimeiadomananisinuasusmansuag Soswosnmuaonsoniely

nsrUILNT wiludiuvesdaasasanldsunnuseusiin ORV luanmgionanieuvgdreudisimnuseuia 5 °C gyl
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nsldnureanieddlaldifuuszdniamuazoraldduan fsinseanuuulildinisananasunnuioudidusida scv

P

(Submerged Combustion Vaporizer) adlaldaglunsaniiunisndniganin® gslainisesnsuunszuiunslaednlaseasng
119NNV Koku uazanuss?)

Sy o oa &, = ' Ty o I3 o A a o

nsrUIuNsiided Ae Wunszurunsianansaeenuuuldlienn warligudounnnin Tneidunisli LNG Nilgaumgiien

Faute Deep Cold Temperature uaniUasuauisuiuilsimeialaenss dudeidevesnszuiunisi e dnsld Heat

Exchanger igeaatAgalunns Operate Tevinlenaasmosldsa Heat Exchanger daunalugiielilafianuaiuisawinnud

v
a1

Aoin1seanuuy wasliAldaiereudneas Inglunseuiunistifidldaneludiunes Capital Cost Inausvunandu 350,247,705
v Bnsenubuiigardseenain LNG fadisuiaiioundenusianis awgnudesislufuimeadigareuddonhnsudend
Awuanden Sninsudestnziaiifgungduaniannauindenluiinasnnfasianadedussuuinduuinuiugnge

drownil Feldimaaueniseonuuulunnierndululdlusuremdanu (Cold Energy) italiAnusylominniu
uardnadsiedaindenionas

1.5.2 lunsdiitugiu (Base Case) waznsali 1-10

ATEINAINUANUE LN LNG unldUselovuitiu daetunalanszuiunis 1iadann LNG dsnsinistualudsunamnn

Feaursandaunnuduunldlduinaulusig nsouraaunsawUsr9Anudulanaeyae AISHLINATEUIUNITYAY

o
[

= & aa d‘ &
nszvunsIadudsmsiaulaluasail
nszuaumsiunaula fis nszuIuMIANdUASUBL (Carbon Capture) Wunszuaunsanduiamsusulaesnlan (CO,)

Tnglunszuaunistilunszuiunisidesnisaamagiisnunn welillanumunzausdenisldussleriananuduves LNG Tutaa

'
a

Deep Cold ilgaumgiiuseanas -162 °C agyhlnldinisauFeadanulunsdafiuaudu dwasenisdsuwdasaniusves
CO, 4agdn31n15 Recovery J9vilnlinnuAuA 8nM99In1u3Tavad Baxter wavanz? lavin1s@nel n15andu CO, Uy
Cryogenic @3nsawen CO, tlluveasuds neulusunIasaniuisuainusou (Heat Exchanger) vinliiUdsuanusiluvesvan

19 Tnsudalulasiau (N,) whadawesinoanlen (SO,) uidlulnsiausanlas (NO,) Lazwiaeandiau (O,) Ssanduaniugiiad

' 1%
a '

1115060 CO, IANTAMUUIANTUINNTT 90% tasuia Laun1elulasan st lada Ul uUnTEUIUAISANTIUAIS UBY Lay

9

NILUIUNIINITININIHIIAUAITBUNTE (Organic Rankine Cycle — ORC) TunisiigutAsiazanuwlaunainauiseves Zhao

[ [

o 0[3911 P ° ‘U ¢ o Ud'o o sLye 9 o I = = Ucu °I_J A o
A1 AENNITUR NIULATANITNHNAYVDINTZUIUNTITUYF IR IULLUUINADIVBILATINTT GIUNITUTIU ﬁquaqﬂmﬁnﬂ

o o

v A

NUITE fio N15andIudins ORC anduiu 2 ddnslunuidemaaiios 1 Tgdnsluiuudiassveddasinis Wesannisly
gunsalfidvunng@uarunsanaununsidaunsalniedginsiigidula wasdanuduainiaasegaansuinnitlunis
gnanITuy

83luni1ua1nawideaes Ouyang uazamzt? 9s1iiudn nMsiiesdinudinadonuduAwazUszdnsnmuenisld

naeuadu dnedatliiiudn Wenseuaunis ORC flidduneunszuIunis Air Condition #se seUU Cooling 81 9 aglsh

¥
a o

ANUANANNINATYFAENSTININNTT wazuona1nd Sldiinnsldansvinaufunanad Ao R-134A, R290, R125, R115 uaz R116

Tneradnstu 1dd1 R290 wie Propane Wuasvianududilivssavsnmiaafianlunszuiunis ORC
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ns¥UIUNIT Cooling Data Center Aldlunseanuuuuazinassnelulasinis lainnseedenizvesivaoifulay
gunIalfldun19Inaideves Sermsuk warAnz® lngdrasinisldndanuanuiuain LNG Wuwelulad IFV (intermediate
Fluid Vaporizer) Tunsadreassuuimasiduliiun Data Center 8nvistusuidelafinsldansitanandu fis R290 Naonadesse

wuIAe WAlLlad AU uae1ve9lATINIT BarAIusEUUANUARIEARITUNNSAS19Y LY U5 Air Condition 395ing

R

Iaseadalvinszuiunisiiegdunssuiunmsaneiieiaenndesiunuidednsiu

Y

nseanwuutuadunisdaiuued 3 N3EUIUMT Ao NIZUIUMIINTUAMTUDY NIUIUMTININIUITIAUANTBUTSY Lay
ASTUINASWIANMLEULA Data Center muaau 3nntuilafatsany CO, AandulanuindiuSuiauniiunananinu@adnis

29998107 Feladinsiiinfunssuun1sduATIZANNIUBALAZN Y USEYIEINIUea (Methanol Synthesis and Purification)

1% '
v v a v A

Waluyar1vedndue Snnedelnainsesiuiivunlvgnindesnuniueainisldnugaaimnssufivainvaie 1y
& a welD N a A I o Y a & a o . o wl13] Aa °
PAAVNITUT OGS Uazndna1sadvilndu q 1AenTEUIun1T919890uN191NUITEV0e Al-Kalbani wagane!™ Nin15in

nszwaunsdidningladavet (Electrolysis of Water) Ingld Polymer Electrolyte Membrane Electrolysis Cell (PEMEC) &<

v
a

Wunszurumsueniselviwuunedwesvosds Inediiugiuanain Solid Polymer Electrolyte (SPE)“ idldef Ao laifinns

navesdianlaslad ludeadinnsnsesuenwas wavilulinssedwinaen™ endnudalalasiau (H,) anduazindng

u

N3¥UIUNTT Methanol Synthesis and Purification WenaAWNIUEaNTALUTANTUINGS 99.5% laeiia
lun1seanuuuvedlasenisid ladnsiiugunsaivaniUdsuninudowiudn 2 w3es dmsuldlunisndaleuiuazuimvas

Wi Tnansdindsnuanudouldndnlour Jadunsusuisddunssuiunisdnduaisuau Wesainnisiiuaiudiu

v

neliingumgiiiaulunseuavesuidlods minhanuseugamgigelutunsuilluuanuasunnuiowiuiiiu LNG sy

Y
£ £

nsldndsnumnuioulasgaiuan Ay nmsdmdanuanuseuludmilluliluniswinleundalduselovinnniu luvasiieaiy

a

fimsudmivaedudiiudy lneuiulsdunszuiunsiginsusfuansdunididesnnasianuuiisamalion nsihwdasnu

]

anudululdlunisifiunandaneunisuaniieunnuioudulunmadiiuyaeliinszuiuns laglunnnszuiunisdenaniinis

WARINTITABUAIUYNABIVDUUTIADIMINUITEU T Appendix. A

' v
£ = a a A

msfdadsdanndeududnladfyvesnseenuuululasinisd fe wuarnudulinsdeduwindey dwmansznuse
Aanndenlitfoniian nunAnmsannisusssuiaEounszan aldiinszurumsinduasveu fiaansasindu co, Mluan
vdnveannissngnisaifeunsyan Inewdnsaeiazld Co, iflauuians anunsnihlulivselowddeldlunasgmamnssy
n3rUUMTigdnsussAuam sBundsiannsandn i ldanndanunguisuwnunsenlvivowiasssunAifinisaes Co,
90N wazarsvihanududides fe R290 unduarsvharnudulunszuiunsindnsusefuansdunid nszuirunishiaubu
ufl Data Center Insiflafinsdalvanengdandouayliifanadouar bifevafivazan alivinansdulelou waylddsmanssny

o

nannglaniou Snviadsauisadisannisldliihldfleisudvarsvianudulungy CFC Fanaaladn luniseenwuudl

s a

donARBIIUTY wWININIIAIUANNTUEY CO, Ap Carbon Neutral \unsUaseuiia CO, andiduaud anamnIsunsng
1999 ORC Tannasfisansiienln fisasuaunsona wazlasins Thailand RAC NAMA flda1svinainudiu R290
ANV DNLANNUADANYUBINTEUIUNT tUNNTBRNLUUTILAILLALEILYRIvBLN (Flare) Wnunlulasenis wWegain

o 2 g Yo = & s A o i v & A a & o § ¥ a a v oa I
mimﬁm’]mauﬁ/ﬂ‘n Av R290 “LNLUubLEJImmiUau%WUﬂMﬂﬂ’mmmﬁ ANUU LNaLﬂﬂﬂqﬁiﬂﬁﬁf\]&’VﬂiﬁLﬂﬂLwaﬂlﬁmﬂ RIAVINZRIAM
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Huiidnvazasniviuuindiiedesiuldlimuiouiiinnnnswnlnddssidanuiousududunmenounasuyuiiogln &

a v I

Tasansdae Bnva nsddiunisiiiedstuaneiisidudosedluuimsivasafododsnulnesines 9dsdu muuw
ynsAansMsIAnIsansiaiuviand AdilUszasd Ae Fipuuazdsundoutasadouui uguvesnisdanisansiad i
UsgAnsnm fduswanmnanadiu aenadosiunmsiauussma faaendufuidmnguesgmsamansssninessmainmenis
dnN19a13LAll (Strategic Approach to International Chemicals Management, SAICM)®>

wonand A dn19f mAun1meassd183511509NLUUNITNARBILUUREN (Mixture Design) 1t d192aHA9TN
Aminesvewsarnszuaumaitellddndiuiidauduaaniian lnevdnnisvesnimaaesuuunaslulasenisd fe ns
fvundndrutiinaues LNG Adludusiaznszuiunstsesuuuurunu Tnsdndruazsiufuls 100 Wesidud lnsnsmaass
awgnuuseenidu 10 nsdl uazusaznsdildndiuues LNG finszagludausaznszuiunsiisnstu dndruiiasuutasluusiay
nsdifmuenised 1.1 TnonadwsazRinsanlusidiorunsditugiu

TunsmaaesuuuraNGIazinTeinszuIunslutsaudgmnd -154.5 ssmawaidoa aunseis LNG wWasuwdaslug

a

NG floangfl 48.9 ssenawaded lalinsusuusalaeindgdng ORC windn 1 Tdns welianunsatanuduunldlaauysal

9 Y
1%

UNTEIRUNNNVes NG danlndlAes 48.9 samawalded ieaanminld ORC s 1 T93ns agvihlvnasiisseninegamgiin

'
A

1 LNG #u ween R290 fidniites shlaudududreleulddesnuludie smnifiunariswesgamgfiauyiili NG fgnmai
padirnvunagyili R200 fiduatesguuesvan ameluigdnstu nanewdiule Telianunsaith Pump 1¢ fdulunisoenuuuilis
namldn finsldgunsaiiifowelvafiaslutndngd
1.6 nann13AUAN (Control Philosophy)

STUUNSAIUAN Ao JULUUYesszuLle 9 fifinnsdnasdussnausng 9 melussuuiieliinansvauesvessyuuduly
pufifoanis dausnnedeiugiunguissuuidaduintaglunslinsgy finsundeeuduiussswihavena (Cause Effect)

(9

YDIUAALDIAUTENOUTDITEUY TeaeAUsenauNdnfny 3 diu fsll Tnquszasdveanisaiuay (Input) NSEUIUNTT TUABULALYEN

P | av v a Y} = v wa gy N o P ¥ A
Mldlunisaiunu (Process) wasAflasuads (Output) lunsiauaznisamuau Wslilinaautfinuiidesnsifmuusiieided

a

foensine Wi aangll (Temperature) AU (Pressure) A31MLEY (Velocity) s¥du (Level) Usuiaunsina (Flow Rate) wae
AMULTNYY (Concentration) 55%¢)

1.6.1 niiriivdnvesnisaaugu®® annsaduunld 3 Uszans fe

1. Gathering Information Huns3usazsIusmdeyaferiusudsidesnsmugy uaziieades

2. Decision Ustnanauasdndulaludeyafisudunlutunou Gathering

3. Take Action @¢#1 Output 8anlu&inns Final Drive 91nuawes Decision

1.6.2 Snguszasdvasnisadunu fe iiuuszansanlunszuiunsudn Jesdunnuidemevesszuunazfuisicu an
anldgrelunisudn wu 14 Operator tovas warldiunszurumsudnwuusasiiodifiusunamin

1.6.3 5UuuUYas Instrument™® fithaldnuiinaneuuy audnwarannudosnisldam leua

1. Indicator iionanspvasianls lianunsadsdyaalwiila 1wy Pressure Indicator
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2. Transmitter tiauansAvasinls lasanunsadadudyaalviiunnsgiuesnun (Standard Signal A 4 — 20 mA) e
i Analog wag Digital Signal Lt Pressure Transmitter

3. Switch \ileuansAveswiiuys Tnsdadudaanalniiilédhe Wuluu On-Off (Digital Signal) 19 Pressure Switch

4. Controller L‘fJuE;Uﬂﬁzﬁﬁiﬁﬁmmmwmumi \Judnwaizvein1s Programming 13w PID Control

5. Alarm Device Wugunsaindiliiteifieurvesiiulsionadudunsesessuunie Process

'
[ =

6. Transducer daaauufndneiu Transmitter usianunsaidsudyaradnindudyaindu 9 16wy wWasuandgygyrali

[

& o
Wudeyayeuay

[

1.6.4 A1Afinanlun1sAUAN (Process Control Terms) ! diail

1. Controlled Variable Aia fuwUsua Process Nidaan1saivan AdwUsAIuAuilddiuunn taun aaumnll Audy 8051n13

(%

g warszau
2. Measured Variable 1funsiauessuusiideanisauay Tagenafusuieniu Controlled Variable ¢

3. Set Point WuAthumneglunisaiuau

4. Deviation %50 Error LUuAUMANAN95EWINN 2 AN Fiar7 Set Point uaze Controlled Variable gnihuni3euiieuiu

1.6.5 Us2LANUB952UUATUAN (Control System) 5557 agnsauuadu 2 Ussinn fie

o

1. ssuumuAukuuLlla (Open Loop Control System) #d szuufitinistou Input é‘fqawaa&ﬂugﬂawmmmalﬁ/\mﬂ (Electrical

Signal) 1 fisEu (System) waglddnyayiaioan (Output Signal) Tnglsifinisthdyaatieundy (Feedback Signal) wnftszuu §i

- 9

Usglewil Ao szuvlufianududou szuuldivmunliddesnisauwiug uasilussuumuauiusendn

(%

2. 3¥UUAIUANLUUTA (Close Loop Control System) fie szuuiiiinistlou Input Fee1veglugudyanamaliihidfssuuuag

A

figunsaiiaiesile¥n (Measurement) irdygueendeundugszuuiiieieu sudunanouaussvesdyg uooniifesns
Fatfu Manipulated Variable ifiedi Deviation Lﬁﬂ‘ﬁuiumiﬂ’mﬂmﬁ’m’mﬂu (Controller) a¥ds Control Output vonly Lileudn
A" Deviation 4 Control Output ez lUvnsUSuussrndauUsiionin “Manipulated Variable” dadusaudsiivilinnis
Wasuulaswes “Controlled Variable”

Feedback Control tfudiunilsues Closed Loop Control Tnefi Control Action %azs'fuagj U Process Output lagn1s
Inrnmulsidosnsmuaudnindudianioudisutiun Set Point
A3AMIUANLUY Feedback Control wuslaldu 2 agns e
- Negative Feedback t{umsmuauilthamdyaruifesnsmunuieunduiiiouiisudue Set Point Tngthunaufuen Set

Point

a

- Positive Feedback {unismuauiithedayaranialadeundudiuiuiniuan Set Point

lngszuuarvaudulngaserfendnnisues Feedback Control Loop lunisaiuauuuuiiagld Sensor iudainan

1Y

Controlled Variable %38 Measured Variable wagastayaliniu Controller Ingdl Comparator Fadudrunislu Controller ag

u

in1siTsuisudgyey1ad Controlled Variable 41U Set Point A211LANAIIT LAAINAIY @83 L58n71 Error %30 Deviation

91n U Controller a¥1nAn Error Signal luidudinuunvuin wagfan1an1siud sunuasves Final Control Element L4u
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Control Valve Damper Wudu weviniswdsuen Manipulated Variable Wi esnwAa Controlled Variable Twlaannud
ADINNTOYARDALIAN

Feed Forward Control LﬂuﬂwsmmuﬁmwwﬁﬁﬁﬂLmﬁ'wm Yeueu10u04 Disturbance W11 071n15U UL
Manipulated Variable fiaufi Controlled Variable 2214 sundashuun deuldfu Process M iin151U8 sunlasves Load
Yopnds iilothnsauaueiindidanldeanlu Feedback Loop 2¥ils Controlled Variable iinuUAsuutamiafl Deviation
WERUED)
2. A85UENTEUIUNIT (Process Description)
2.1 n15Usaunsal Regasification @Tﬁgﬂ‘ﬁ 2.1

nsrrIuMsasuvemanduniluufia (Regasification) L“f]uﬂizmumﬁugmﬁlumiwﬁsuamumqLLﬁ”ﬁﬁﬁmﬁ

v v

wia (LNG) Tiiluufiasssun® (NG) ianunsadsenmuvialuieng q o lidnsdulssugeavnssunseaanieuinisuiiu

a

& a a d' ! = o [ vad o & 4' A o LY
WWalnae Inalsuann LNG V]iJ’]Q’]ﬂG]’NiJiSLVIﬂV]’NLﬁ@Q%Qﬂ‘L«!'WZﬂLﬂ‘Ul’WIﬂQLﬂ‘U TK-101 NANBBNLUULNBINYIAINUAULAZYIUNU

Y

(Y]

94 LNG ipsaanuzvosvarld Tngagiunsdndiuasuanuzidu NG Son Boil Off Gas (BOG) Fsazegfiuszuna 0.1% siefu
58 {agund BOG axlnaithg BOG Compressor Aifuledessammusudmiuleufia ileuinanuiuazdsioluds Re-Condenser
Fadugunsainandsuanudouresufadnaniu LNG visdufiinainds fadu agvinlileufia LNG wWasuanugnduandy
vounaIRaiy u3e Sub Cool 1Nt LNG Mndafiuazgnguanelag Intake Pump 1U59m/U LNG 7 Re-Condenser fevuzdl
wWasuanmanleudaduvounaiud lusa High Pressure Pump Literfinnusulildnaideanis udauiddenes Shin waz
Azl w1 Sasnslyaves BOG tesanndslalfinnsfinds BOG Compressor ilasanidunsifiuiuamuidudu 39léi LNG
g Intake Pump 7l P-101 Tnemss 91n1u LNG Jgnassialuds Open Rack Vaporizers %38 ORV 71 E-101 Favhutidiiuasy
LNG inaneidu NG Tnevie LNG asdaoslst LNG lnannduandludswinuuu luvusiiviedweiasUdestmsinnnduuuasg
Frudns nsduuenvewie vliAansuaniudsuarudoutu arndeunmimzaasild LNG wWasuanuzfuuia Tnglid

nsdudaiu My wiazgndsialuds Metering Unit Wiensiaindsunauazamuninneauiitzdudngssuurieduiasssuyis

wag imzlanilgumgiiinazgniasyadgneiasanu’®

SEAWATER

X-102

TK-101

;J‘tJﬁ 2.1 Process Flow Diagram (PFD) 484052 U3UN1S Regasification
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2.2 nﬂiﬂixtﬁuniﬁﬁugﬂu (Base Case Evaluation)
dauil 1 nszuaunsinduAsuau (Carbon Capture) faguil 2.2

Tunseenuuuiifunisihufdlelds (Flue Gas) un3umnanduain LNG Tasnsa liiuasvhenududu danszuaunis
Fuiinisunds Flue Gas 9nlsalwihauiiudnandsszuuiigumad 52 °C Anudu 100 kPa HumsiiiuAusulae Compressor

a 6

C-101 WAy 2,900 kPa wasidlesannisifiuaruduhligumgivestaledeiageiuie 520 °C Fuhmduaudon
TudauillUldlunsudnlothiianudu 300 kPa edowaniudsurnufoudl £-103 dou fafu gumniveufadsanawuni 120
°C Pntufsdatlusundsuanubuain LNG lufiamisaiusu (Counter Current) anelugunssiuanideuninudou (Heat
Exchanger) 2 81610 Tnaeid k11 Heat Exchanger @@ UWIAT E-102 gaunadl Flue Gas anaande -15.50 °C uazilufa
asusulasenles (CO,) gnAruunudn Mndudleiuiniosandsunnuioud £-101 ashlsligamglanaande -102
°C Fseglurrsgamgiifoundunissziiin (De-Sublimation) wazaniiu CO, fgnvinlvudasazgnueneonainuiauiddu o 1w
whalulasiau (N waz wideendiau (O, meluneusnvetwde-uia (Solid-Gas Separator) # T-101 Fafunisenaduadueuly
miaaﬂLmuﬁﬁuﬂuﬂizmumi Cryogenic Carbon Capture (CCC) oy CO, YNLENDBNUI 89.1% 91N Flue Gas noulasy

wianvdogussernie laediumnisves CO, Nanunsainiulaaztinenesnu wualudanszuiunis Methanol Synthesis and

Purification Tuuaue? LNG fi9onann E-102 axgnasludanszuiunisdnly A Jdnsuseduansdunie (Organic Rankine Cycle -

T-101 E-101 E-102 E-103 C-101
CARBON CARBON CARBON CARBON CARBON
CAPTURE CAPTURE CAPTURE CAPTURE CAPTURE
coz2 LNG 1ST LNG 2ND STEAM COMPRESSOR
SEPARATOR HEAT HEAT GENERATOR

EXCHANGER EXCHANGER

AIR FLUEGAS

FLUE GAS TO X-108 %

X-105TO E-201

;51]17'; 2.2 Process Flow Diagram (PFD) 983n3zUaun1sAnduA1suau (Carbon Capture)
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daudl 2 nsrUIuNIIHAALLMILDA (Methanol Synthesis) N3EUIUN1TYINUTANSIUMILeA (Purification of Methanol) Wag
nszuaumsBidninsladavenii (Electrolysis of Water) fagudl 2.3 uag 2.4

wAaansuaulaeenlad (CO, fildarnnszurunsdnduasueu gnimfiunNiusie Compressor Waviaa & Stages
Toilenusu 6740 kPa tielivhfuanusulueiesUfnsaiduasziumiuea Tnsfifinsfinds Cooler sewing Stage iilotosiu
naingamgifiguiuly lusasifriuuialelnaau () nnssuiunmsdidninsladavesiazgninidnuriu Compressor C-
501 wagHANfTU CO, Miiunafiuaruduiu 6,740 kPa ntuddliaudounnmanauauiigamgiidu 265 °C ¢ Heater H-
401 neuingiiesufnsaldaunneiumuea R-401 ufafildndsanmaiinufizerazgniliduasiie Cooler H-404 quimde
9aumndl 40 °C warviidng Flash Drum Fainnsusnans 2 aanuedl T-601 uadsliifAaufAzeorusdinazgnifinnnuduuas
Jounduintesufnsaidnadamdoniuaston dumvdainuiizendegnueneeninain T-001 idadrgnssurumsiian’
Wwynuea 7 Distillation Column T-402 iwvnusafinduenesnsnlfazgnasluifugadaiv éauﬁﬁqgmwﬂaaﬂmﬁ%gﬂﬁmﬁu
dgnsruaunsdidninsladavesii lnslunszuiunsdidningladaveahild Ae nssviumsuenthdaelniuuunediues
voauds unszurumsfounduressadifomasdsdidnlnsaflldidubouandeulusmeu (PEM) Inefiudnsunssuiuns
thilaiAansuansuay uRdeondLou (0,) ArunszuIunssianinglada axihdseluds Separator T-501 Woupnin uas 0,

1%

1Y o & v v & a o [ (% a s a A S a e v o
gananiiu lag O, szgnuniuludadanu vueiihazgnleunduludanszuiunisdianinsladadnasa anvia lunszuiunisandu

Y

v
a

Arsusuariu AU luaendndue 39laindn Separator T-403 Wiatdunisueniiesnun Feauisatluldlunszuiunis

a a a 90’ v ¥
dannsladavesinlaanse

Ta0; T2
METHANDL METHANOL
SYNTHESIS SINTHES:S

HESIS  STNTHESIS
FEATER  REACTOR  COMPRESSOR

FLAS
DRUM

LIQUID €O,
METHANOL

%417 T0X-501

e

gih'?i 2.3 Process Flow Diagram (PFD) 984n32U2UNTHAMINIUDEA (Methanol Synthesis)

o a Q( el .
LAZNITUIUNTVNUIENSUNIUDES (Purification of Methanol)
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c-501 -5 EL-501
ELECTROLYSIS ELECTROLYSIS ELECTROLYSER
COMPRESSOR SEPARATOR

H-402 TO X-501

C-501TO X-418

X503

a X-417 TO X-501

X502 X-501

X-510 TO X-604

311‘17; 2.4 Process Flow Diagram (PFD) 983n3guiunisadninsladavasii (Electrolysis of Water)

dauil 3 nsrUIUNTIInsuseAuansBuvdd (Organic Rankine Cycle — ORC) faguil 2.5

#AI91NNITUIUNTANTUAISUBN LNG Haaumafivussuna -127.8 °C Wl uunassuminudou (Heat Sink) vas
N3EUUMTININTusIAUaTBuVSS s Heat Exchanger E-201 Tuigdnstiansvivanududie R290 wie Propane ndtniians
vhanuduldFundsauanudun ING suduvesvaidusfionmgil -37.53 °C Tagimunnuduidy 125 kPa uazazgn
WiANaTuse Pump P-201 Wiy 945.2 kPa wazmdsnueaduildluldlunissdn Chilled Water gaumafl 5 asen (n12y
wudriuindeifulunssuauns Cooling Data Center) # E-202 Tnsgaumgiivtaanves R290 azagil 20 °C uda3sfuanny

a ia

Sounnunasliaauou (Heat Source) Ao Heater H-201 audulouazligaingiiog 75 °C annuudadndng Turbine C-201

)

Wendnnszuabiiln Tng NG 910 E-201 Jawmdennudusgazgnassaludinsyuiunis Cooling Data Center wiaiduunasves

NFRUANUE UV EDLEU

P-101 E-202 E-201 H-201 C-201
ORC ORC ORC LNG RC

Of ORC
PUMP CHILLED HEAT HEATER TURBINE
WATER EXCHANGER
GENERATOR

H-201

X-105TO E-201 X-203 TO E-301

JUN 2.5 Process Flow Diagram (PFD) 494058 UIUMTIINTUsIfuansduvsd

(Organic Rankine Cycle — ORC)
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dauit 4 nszuaun1stimnudufiu Data Center (Cooling Data Center) ﬁagﬂﬁ 2.6

N3¥UIUNTLR AT URYU Data Center tdunsguaunisateleuanudounuimnalulad IFV (Intermediate Fluid
Vaporizer) Ingilansvinanandu fe R290 nie Propane lngldndsanuanuduain NG Amdeainnszuaunsiginsusdu
@155un3¢ (Organic Rankine Cycle — ORC) thluldfuimaodulussuurinanudunn Data Center Ing NG 961 Heat

Exchanger 2 #2 @9 E-301 taaglaumuduludsansyitainudu Propane way E-304 lngsuniiuseuannindunisiiia

o '
[ o 1

gamaiived NG nasaneuihdinduidig NG Header figaungll 48.9 °C Tunsyurumsiiunazsuannuduain Propane 1ndnseu

Y

wilanu E-302 wazdiaaumall 4.993 °C newdndnisvinaanudulyiiu Data Center 1 E-303 wazndusenunfgamgl 15 °C wen
=

Fagngunduluiuanuiudnasimiaiiu Pump P-301 90U NG agnidseensiely

E-303  P-301 E-302 H301  E-302 E-304

DATA  DATA DATACENTER DATA  DATA CENTER DATA CENTER
CENTER CENTER ~ PROPANE CENTER PROPANE NATURAL GAS
ROOM  PUMP VAPORIZE HEATER CONDENSE HEAT
EXCHANGER

EXCHANGER EXCHANGER

DATA CENTER
ROOM

NG

X-302 O

E-304

¥-203 TO E-301 2 6

E-301

%303

X-303 TO X-603

5Ufl 2.6 Process Flow Diagram (PFD) ¥99nszuausiviananduiiu Data Center
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Aty NNNNsEUIUMIAINaludeuisaninsatandavih Process Flow Diagram veansaifiugiulansgui 2.7

LIowD Co,

METHANOL

ABBREVIATION

WP - PORTABLE WATER

WS COOUNG WATER SLPPLY
WR 2 COOLNG WATER RETLIRN
=N LOW PRESSURE STEAM

T

HOTE
S E-313 AWAILABLE FOR
DATA CENTER RO

H-301

KG

wae B o
v By
o
T o
X L]
e Fua
TLLIE
Foect Tk
*im
et

gﬂﬁ 2.7 Process Flow Diagram (PFD) of Cold Energy Utilization from LNG
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2.2 nsufuildsulaseadieuasnisiinaslun1sudn (Topological and Parametric Changes to Base-Case Operation)

Tunsaifnwi 1-10

Tun1susulasulaseas1einsAnwiniy IneanwaenISHUINAUYINTEUIUNITHGN 3 ATEUIUNITLNDUINSI9Y

[ YY)

< £ 1 ¥ 1 a L3 I~ v @ s a a a ¢
ANuduan LNG unldagaquauaziinUsyleviaegn Ae n1sandua1sueu (Carbon Capture) T3nsuseAuansdunse
(Organic Rankine Cycle — ORC) wazn1sbiaauiduriu Data Center lnsidsugluuullidudnuasvesnisaadiuuuuauiy
Wisdlweinvinsfnw laud dadiudnsinisivaves LNG Adidnsyuiunisuiaznszuiuns S404udnnisueen1snaaeIuuy

way (Mixture Design) wiseanlgidu 10 nsdl damsnedi 1.1

[
a

nseanwuululasinisidnisusulassasnvedasinisidntes negamaiives LNG idnandalasanisasisudui -154.5
°C pugamaiivilandimun 91ntuNIares LNG ssgnuuadudadiueanuuasnszangluds 3 nssuiunsaudadiunlaseyly

aelunszuunmsinuasusukaznszuIunsiinudunn Data Center asfidnuwazlassadauardwiugunsalnniudaly

~ a o & ° 1
NIENUEIY Uargnuuniived NG nii08nINNTEUIUNTIN 2 NTLUIUNTALNAMUABETN 48.9 °C
= @ v o a a a¢ = V) & v o o § v ¢ a o [
YuzLReiunszuun1sIginsussduansdunsd asinsiiuininadu 2 I9dns vihlvidlgunsalifiudn 1 e ldwn Pump
P-202 LNG Heat Exchanger E-203 Heater H-202 Heat Exchanger E-204 Wag Turbine C-202 Li99310#99n15LfNATI0WE 991U
AN LNG iieligamagiviesnved LNG getiu lngaumnives LNG fivneenainnszuiunsveiiaiegi -4.119 °C uaz

winld ORC iies 1 Tgdnsnieunsdiitugu azvilinaseseninsgamgiundi LNG fuviesn R290 fantiee vinlimanaduiiy

'
a a o o

aeleulddasnulusie viniiiunad1avesguniiauviili NG Taumgiauiimvunagyinld R290 NU1IATegUYDIMAT

Y

meluiginsnaneifuleddliansndiaiesguuoanadld

Tumsifisuifssiunssuiunisdu q asinmsmanuudiumdediausaldlunssuiudunduduld Sdusdaznsdives
nMsnaasswuurEl avliranududrdeiunnsesiulUluusaznsdl
3. Preliminary Plot Plan

Tuniseonuuuisuiialsany (Plot Plan) Wlonansiumisnisnsgunssiddguarlaseaing fugIuresnsTUILNIHAR

v v 1% ' ¥
[

Tulssau Fenseupgulutianuiidu 4 wu Auiidaiuingiu (Raw Material) Wuiindaduduaziufiansisayulna dudu Tnglu

[

N1308NWUULNURALIUTNNAN Y50 wUINUUR Aadl
1. fuvedlssnunmuadestaiiiy 20 15 (ulandimua)
2. fuviaegunsaliinisivuasseeinadumaunginaeidmsugaanssuell 1ieiinay azadnlunisiadeudiy

o ' ° & 9} A i ¢ =
ﬂ’]iﬁ]ﬂmiLLazmiéﬁaﬁJUﬁﬂ Wunan Iﬁ853EJ%MN‘UUWW?%‘VT’JNQ‘UﬂimLLﬁﬂﬂ,u 15199 3.1
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M13199 3.1 SeEEetue (Wng) senigunsaldmsugaainnssuadic”

Equipment Pumps Compressors Reactors Towers Exchangers
Pumps M 25 M M M
Compressors M 30 M M
Reactors M 15 M
Towers M M
Exchangers M

M = Minimum for Maintenance Access
3. MsdaTesgunsallunsagniigyJUaAnis/mun 9n159n38991UUWIY0Y Pipe Rack §357uvie dmsuvuds

as13yUlne vietngAuuazndndasiseninsgunsal iilelvigunsalanunsaifauazvuds ansserinsgunsalldine

4. 15773 Pipe Rack Banunsiuielussesmsiiduiignuasaseunqulunnumheufoans/mui lunszuaunisuas
el duseidouuasiesanisdans nsuuiaues Pipe Rack SULnaN1asg L LU 6 8 Wag 10 wns Loudy

5. nmseanuuunuy Tsaussndldlunsvudsgunsaianansa 1 -senlduasifuouusoudiuvesiuiiang 4 lu
NILUIUNTHER

6. Mutdnuiuingiu Aufindsduiuasiufiassyulng Snsssnaiuiinufiuiismmes mvurusslaeduinain

NN INAVDIENT

¥
@

* guiprasgunsallar Mo nsmuuiufivesgUnsaluaziufidnnuiansluiite Appendix. B

wwaAaN153n219gUnsally Plot Plan

Tunisesnuuuknuialssy malassnsididentdiiuiivun 20 15 Asgu 3.1 Tunsesnuuuunuialssanu Tagmvuali
LmeTQT,smuﬁé’ﬂwmLﬂugﬂﬁmﬁw insaniinnueniniuasysyaia 179 wes danundsiaduauy laedinsuusiiundinsy
' a wa | ] | & o v v W & Vv = & a aa
iU RN 9 Ju 7 diu Falinsesnuuulvinssuiunisdnduaisueu (Carbon Capture) aginuuanandaduuiiniian
Auauun IR IUUUYeIiuUf dantduazstiuiiuiivesnszuiun1siginsuseAuarsdunid (Oreganic Rankine Cycle - ORC)

nsEUIUNSIANNLEULA Data Center (Cooling Data Center) faiiuansianunaznandus aud1du iosainazilviovas LNG

o = v

InarumuwwInsiieanndauanuduiaunsagydebitudunden sumislinssiuvioun LNG smulanduiniign Jadnu

'
1 [ YY) v

asafuveduivazsifunszuiunisdidningladavesun (Electrolysis of Water) tag@infuiuianiuau dauuinadidnn

4 L o a Q‘ . e . i
WosnruAnIzdunsTUILNTEUATIZRLATIUSANSIVIUeE (Methanol Synthesis and Purification of Methanol) fufins

a sala 9 v

FauU1gsuazduiua s unINa1aU iesainnssuiumsduasziuviueaddiunsalninsaendauannusousang

v
v v o

dawndey Jeegiundsesnszuiums nvisdsimunliioglnaanvewn (Flare) flegiundafioanaudssannuialelasiou
(H,) Muansaadurosnszuiunis sadundalily sufuansasdull de 1h ez msusulasenles (CO,) Wasaninduansils
Aanswilngd farusuanedeldsundsnuanudoutosiian lnenewntuazegdundsaavedasnis ieliiisiniug
YuvuLaENTEUIUNMTIENSI i snunduinniige Wesnnmndnsunnfegilsingsauanufouseninainnszuiuns

dwsunsdignidud R290 %38 Propane Tiuansvasiiiuainuuas ORC waz Cooling Data Center linn1331luaganainiie
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N1588NWUY Pipe Rack Fasiuvie dmsurudwnssyulan vietngAuuasndniadiseninsgunsal azeenuuulvilivuing

AUNINN 6 Wns MedeusaunieUfuRnsene 4 Wuwwagud U disligunsalanunsadhiisuarvudeansseninsgunsalladng

[
g

yudouulisaussynidieenladndiey Snnadilinsuusiiuiasinansdmiunisdentngimsenmsiaioudne wazuiia Cooling

= a

Data Center 9gdl Data Center Cold Utilization Heat Exchanger E-303 fianusalimnubuiuszuu Data Center 16 &adins

[
Y]

wUauflifuseuu Data Center n1elulasanis lngazegAnauulvgiieaunsaifiuniudieantiegisazainuiniian Sneds

wislnannuinadindanuauiouseninainnszuiuns uasdaihbilinsaydendanuanubulesdan

PIPE RACK
TK-E08 TH-H0T D é — ;‘
O O o ;_
g w
= )
THE1 TH-B02 ﬁ
0z =
STORAGE TANK COOLING DATA CENTER ORC
€O, CAPTURE
5
2
w METHANOL SYNTHESIS
T
N = (]
| > <
ELECTROLYSIS A — E 8
. Z
o z
(= b ]
|
== ]
TH-E03 TH-E04
FACILITY ) (==
(CONTROL ROOM) o
=
e STORAGE TANK
PIPE RACK DATA
CENTER
FLARE

¥
=

3‘1]17; 3.1 Preliminary Plot Plan of Cold Energy Utilization from LNG Iumiﬁwugm (Base Case)
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4. N13NANIALATWAIIIU (Material and Energy Balances)

nsUszdiumsyhany nseuauazn1sesnuuUesedioviameUfiinsdndufeinsaaey magainauasndsey
Tuszuy Tnemungeusnvinaudunadesligade uazmungeuinendsnuudmdsnuannsadsuglveglugiuvudu wu
sufidasmanionuiildlussuy iludu fudu mshgaunauaendnuiensisaeunazuandiifuiTueiduazeen
s ndanudilivdeldfuannmieufifinsnaldedrsgndesazdululsnis lasluynnszuviunsinansieaeunauiauas
ndsufiodusumugniosesnis WasuwlasUTinamnasendamiluiasmieUfoins il mmauseieginismauia

[

uarNAIIU uanslu Appendix. C Taeiisnanis il

1. §1 LNG, TK-101 99nnszuiumaivasuveasannnduanduufa

2. Pump, P-101 91nnszuunsasuresvasnndusidunfia

3. Heat Exchanger, E-101 91nnsyuaun1silasuvesvannnduanduusa

4. Turbine, C-201 9nnszuIUNIsNanlUMeI)TnsLssAvasdunsd

5. Compressor, C-101 91nNTUIUNITANTUAITUDU

6. Separator, T-101 91ANTFUIUAITANTUAITUDU

31INNTVINAUNTTARLIARATNANIUNUI HANTAWIRANIALAs NI uTlA bndRssiuiunsvinssuIunsdtaedly
Tusunsa Aspen HYSYS V.11 Tnefiiefifuarundesiufi 90% dmudanunaandouluusasnsd iy 10% Jsogflugaei

anunsngausulacy

5. mnﬁanl‘i’f‘ﬁ’ﬂ@ (Material Selection)

(9

nsienianvesienldlunszuiumaninisAmilafimaedade Ineddadendn sl

a Y]

1. gaungiinazauuldau

Y

2. sllaveswadlva W arsnaunsainUfisefiurievisedgnslunisianseu
3. anmuandey Wy anmilenduiviliiianisnseuvesielans
4. SIAVRYIAR

5. anuazaIntun1sdnte tneviinvesioaunsoudnguauiinvesian wu vielavie viewaafin viemsunie (Judu

a A wva ¥ A

FeTan uiazvllndnaautd Tofuardaidounnsieiu Fanuaudfiilosiuvesiagyivieduandlusuiiuans

9

U 5.1 uamnnantivesienanadin Ingazdguvniisiiianegil 20 °C @1 PYDF: PolyVinylidene Fluoride CPVC:

Y v

Chlorinated Polyvinyl Chloride PVC: Polyvinyl Chloride PB: Polybutylene PEX: Cross Linked Polyethylene e ¢ PE :

Polyethylene ﬁﬂﬁﬂugﬂﬁ 5.2-5.5 %memmﬂ’amaammﬁﬂ 10 Carbon Steel ¥1® Low and Intermediate Alloy Steel 1o

a )

Stainless Steel MuAWU LarFUT 5.6 wuanunInvasieidenndesiugumngimgauazasanivieannsnsesiuld dugui 5.7

q q

LUANIAULAUAIGIZALATAULAUAIAIAARA AL UTELANVBY Stainless Steel 8NN Tum1s199 5.1 uanspuautivedvio

| Ao

availliloy uazvown ieunfiansandagildvingunsaluasvieniidaduvesgaungil Aufy sIuesAUsENOUYRaN ST LY

suflunsuananaiy Ingadstadunisidanusazauanuvasnsodundndfny



Plastic Pipes - Temperature Derating

[ T
0.9 < —PE _|
——PEX
0.8 \\ PB |
" N ™~ PVC
%n_:{ M, —CPVC ]
& \ N —FPVDF
0.6 N
£ N
En.s N N
@ ™
50.4 . \‘\
E \ T
20.3 —
: VO
o2
04 Tha Engingering ToolBox |
0 [ ]
20 40 60 80 100 120 140

Tem perature (deg C)

3UN 5.1 AauaudRvesviowanasin/®?

Basic Allowable Stress S, ksi (1),
at Metal Temperature, °F (7)

Specified Min.

P-No. or Min. S Min,
S-No. Temp., _5_'52:'1’1-_"2 Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to100 200 300 400 500 600 650
Iron
Castings (2)
Gray A 48 l
Gray A 278 20 (8e)(48) -20 20 :L
Gray A 126 s A (8e)(9)(48) -20 21 2.0 2.0 20| 2.0
Gray A 48 :L
Gray A 278 — 25 (8e)(48) -20 25 vee 2,5 25 25 2.5

JUN 5.2 pruantfvesiowans

Specified Min.

P-No. or Min. " Min.
5-No. Temp., _otensth,ksi o
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300
Carbon Steel
Pipes and Tubes (2)
A 285 Gr. A A 134 1 cos (8b)(57) | B 45 24 15.0 14.6 14.2
A 285 Gr. A A 672 1 A4S (57)(59)(67) B 45 24 15.0 14.6 14.2
Butt weld API 5L 51 A25 (8a) | =20 45 25 15.0 15.0 14.5
Smis & ERW API 5L 51 A25 (57)(59) B 45 25 15.0 15.0 14.5
a wa '
63
sU# 5.3 AruanuAveme Carbon Steel ¢
P-No. or Min. Specified Min, Min.
S-No. Temp., M Temp.
Material Spec. No. 5) Grade Notes °F (6) Tensile Yield to 100 200
Low and Intermediate Alloy Steel
Pipes (2)
YsCr-"5Mo A 335 3 P2 . -20 55 30 18.3 18.3
hCr-"Mo A 691 3 ACR (11)(67) -20 55 33 18.3 18.3
A3876Gr.2CL1
C-Y;Mo A 335 3 P1 1
C-Y,Mo A 369 3 FP1 (58) =20 55 30 18.3 18.3
YoCr-Y,Mo A 369 3 FP2 e -20 55 30 18.3 18.3
1Cr-%Mo A 691 4 1CR (11)(67) =20 55 33 18.3 18.3

A387Gr.12Cl. 1

gﬂﬁ 5.4 AauanURveevia Low and Intermediate Alloy Steel 16

33
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P-No. or Min. Specified Min. Min.
Spec. S-No. Temp., Slren;lh, ksi Temp.
Material No. () Grade Notes (6 Tensle Yield to100 200 300 400 500 600
Stainless Steel (3)(4) (Cont'd)
Pipes and Tubes (2) (Cont'd)
18Cr-8Ni tube A29 8 P304 (14)(26)(28)(31)(36) -425 |
18Cr-8Ni pipe A312 8 P304 (26)(28) -425|
Type 304 A 240 A358 8 304 (26)(28)(31)(36) -425{ 75 30 200 20 200 187 175 164
18Cr-8Ni pipe A376 8 P304 (20)(26)(28)(31)(36) -425 ‘
18Cr-8Ni pipe A376 8 TP304H (26)(31)(36) -325
18Cr-8Ni pipe A409 8 P304 (26)(28)(31)(36) -425
18Cr-8Ni pipe A312 8 TP304H (26) -325 75 30 200 20 200 187 175 164
18Cr-10Ni-Mo A4&S1 8 CPFBM (26)(28) -425 70 30 2.0 200 200 194 181 171
a wa 1 .
5UM 5.5 AranUmAveavie Stainless Steel®
Metal Temperature,
Grade(s) °C (°F)
1 -29 to 482 (-20 to 900)
2, 2H, and 2HM —48 to 593 (=55 to 1100)
3 -29 to 593 (-20 to 1100)
4 [see Note (42a)] -101 to 593 (150 to 1100)
6 -29 to 427 (-20 to 800)
7 and 7M [see Note (42a)] -101 to 593 (=150 to 1100)
8FA [see Note (39)] -29 to 427 (-20 to 800)
8MA and 8TA -198 to 816 (-325 to 1500)
8, 8A, and 8CA —-254 to 816 (-425 to 1500)

UM 5.6 insnvasviefidenadadivgaumgimanuargeaaiivioaunsasessula’s

q

TABLE 4 Tensile Requirements

Grade UNS Tensile Yield
Designation Strength, min Strength, min

ksi [MPa] ksi [MPa]

s $20400 95 [635] 48 [330]
TPXM-19 $20910 100 [690] 55 [380]
TPXM-10 $21900 90 [620] 50 [345)
TPXM-11 $21904 90 [620] 50 [345]
TPXM-29 S24000 100 [690] 55 [380]
TP304 S30400 75 [515] 30 [205)
TP304L S30403 70 [485] 25 [170]
TP304H $30409 75 [515) 30 [205)
s 830415 87 [600] 42 [290]

JUN 5.7 ANLAUASENEALaAAUASEIERLAREUTELANYDY Stainless Steell®?

A1519% 5.1 AnaudRvesiagyiviel”

Tan A arw | ey | Tupda | duuseAvd | duussdnd | erwgeannu 0
MWUY | AR | gedn | Bavdu | miswenedd | misdn | Feudunng | viaeuvian
(kg/m*) | (MPa) (MPa) (GPa) (10°K"Y | anwdou | (U/kg*K) o)
(W/m*K)
asg:ﬁl,ﬁﬂm 2800 72 72 72 225 192 910 660
NDILLAY 8940 69 220 110 16.5 398 385 1082

PNNTIATIERAEALEluNsnsrUINMsHaanslunsaiiugu wagnsdldnwl 1-10 wudl gaumgiisiantunisideu

(%

WU -154.5 °C (Stream 1, LNG Deep Cold) Tneifluansvas LNG reudnszuinnmsimdsnuarnubunlivsslonidomuly

v

IENUgIL AUAUAIEA 100 kPa (Stream 7, Flue Gas) lnanduaneainnisiidsufialeids (Flue Gas) annlssaulnilndiunlu
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nzUIUNIANTUAISUBN (Carbon Capture) wagnumuduasaailduwingy 10,547 kPa lnsiduaieves LNG sewinunses
waniasumnuseulunszuiunisanduaisven neudinszurunsiingwuaudunildusslevdwuiu (Stream 2, LNG
Deep Cold between E-101 and E-102) Fevznuluynnsedl siudisgamgdasgalunisldausindu 698.67 °C (Stream 8, Flue

Gas Outlet Turbine) Tnenduaendaanu1y Turbine Y89NIEUIUNITHINTUAISUDY 1i1891nTNISHRLANUSURG 6,700 kPa way

'
a a [

anemanandu 1 fenmnfindeuiiiu 8.801 °C Feulunsdifing 1-10 uenvnil wuansiifiquitnnieuste wu o, Wudu 3n
1 gaumgdasarlunsldnusiniu 3,000 °C Ineduaemandaildanniswlvionmow (Flare) Ingldoendiauuiand vl
nugfivdannlvsifgumadasszana 3,000 °C &9 mufsaneindeifu Fdasuniluvdeibursiansnduanolss uaslans
weanlatlid i ssdlannsoagumadentdTagluutasnizgeanlunszuiunis naafauandlunsed 5.2

M19197 5.2 uansnisidenldianluuiaznnizadaniagingnlunseuiun1snas

Stream nsglAnw Stream Name AMzgaaainy | Anzenand wilntanvie
No. Ny

63-69 VREDY! Cooling Water <20 ppb®” - Aluminum

ANy NNNTe Flue Gas Outlet Flare 3,000 °C - Graphite

gALIUNTE 9

1 Vgﬂﬂiﬂj LNG Deep Cold - -154.5 °C | 304 Stainless Steel

7 Vqlﬂﬂiiﬁ Flue Gas - 100 kPa 304 Stainless Steel
gALvIu 4 5 uay 8

8 1-10 Flue Gas Outlet Turbine 698.67 °C - 304 Stainless Steel

gALIU 4 5 way 8

2 V]ﬂﬂifﬁ LNG Deep Cold between E- 10,547 kPa - 304 Stainless Steel
YNy 4 5 Uay 8 101 and E-102
18,20,21 V]ﬂﬂifﬁ Separation CO, 99.96 %Mass - 304 Stainless Steel

gALIU 4 5 way 8

anensuaninly 304 Stainless Steel

NAeIT 5.2 nMsdentilatanriedniuivdeduidinadentderglifley welssiunsifinaily azniu dmsy

a

nsldauiigaumniias Tuyaa 1,000-3,000 °C winvesianviafidenld Ao n3lwd (Graphite) Fanumaauiouldfwazaiunsald

Y Y

Aulangamgiiasan 3,000 °C 685 uagdasiunisinnsou nudeanimenialafsinddinnuvdandgugs Inmunsdmiunsly

q

Jutagvioludiuves Flare ndsndinunszuiuniswalnduds arsvefigamgiiasuszunas 2,000-3,000 °C wazlunsdnig
donldTandmsuldnuivansndgrainnseu nslémanndlaiiu (Stainless Steel) Wunilatanilasuanuieniieanniiniy
WHese NunY wasnusonsinnIeuldd 1wy Stainless Steel 304 & Maximum Corrosion Allowance Wi 3 fadLuns!™®

il annsanugamaiiasliuazaamgiinlas Jostunisiieady Jweunsalfiluiagviedmsvaevionnareluiinisivaves

vy
Y v A =

unaetiusazaneifinsenlndifetuld Mslmsiinmsiuawwiiedesiunisagyidornuiou anudu waziieanudasasielu
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mavheu™ wiwdnndlSatuezdfunugusmeauifvesiandsausadesiu msfnnseuewioldd ildanusoandunulu

| o = a A a °
ﬂ’]i%ﬁ]@m’]iﬁﬁiﬁ]ﬂ’]ﬂﬂaﬁuﬁmmLﬂJaLﬂﬂﬂ’l'ﬁﬂj’l‘:}@lmuizﬁJ%S’n

6. WAuruNIslansedn (Preliminary Hydraulic Calculation)

mafwnlensedniuimnsuitugiu euanstunounarsaiBeavedlasimauazmunuungUunsaiing q 9
i 1drmunn uagvie ufvdudszneuvio mefummarifimudnfudielimssenuuuiiAfigadmiurngunsaiuassie
ANULNAIINITOBNKUY LAYILAIUIUAIUNANN1D198991n APl Recommended Practice 14E, Fifth Editiont™ G'Tfaﬁi’fagaﬁméfu
Aoun1sAwIns SUssianvedlva anuzvetiva aruvuikiuvetiva anuviiavediva saumaiivediva Anudueina a1zves

[
= Y]

NI TuLaEUATE Maiiuvie 1wy Auem 16e wagseduaugs Bnvis Tannoadns Tsenivesive wazusauan
Aseu™ Tnsuanssazidonniseunily Appendix. D s annndnmsiunginauazanland ddefmun el
1. aulunislvavesvedlvasiiuvie fienasifesnimnniiviiiansisvesvioluusazane (Velocity Erosion)
2. mudilunsivavesvesinariumeazgnudsesnifutiwnugunsaifivesvesivar nandensfuinanusveswesiva
Tlluanovdaansiiugunsaldamils
3. anudilunislvavesvestnariuvionzeglurisilandiinsuuzilild fe

YDA 3-6 WRsAoIUIM

wiia 15 - 20 WATARIUT
wazliiiunnudinumdnnisan API-14E

VAR 15 sesedundl vse 4572 weseeiundl

wia 60  Wesedudl e 18.288 LumsseIuNd
mnunninazvilineliindgmnades Gadimaudletym fe muuaduniwiowazn 1sidenldnds ieanviowsndayaio
UM (Isolate Noise)
4. yuadurugudnansmeluvasiaimuamamsa Schedule 40 wuinnsgu 47 Tagluaedifinisliimdefuarlivie
agiliiledl (Aluminum) uananiuazlivie 304-Stainless Steel
5. Msanarslunisivavewesdluaniuvewaznmsmunuenuduanveadnanislurie

6. VWINVBWIBAIUTLANGAMUA 99 Tie-In LNG wag NG fMviuaminiu 12 17 uag 16 13 audeu

7. 588% 2 9 Tie-In LNG 3§aiuilisuaunssuiunis fe 460 luns

v

PINMsAUIMTTesEs LNG uaz NG Tunsditugiuiinnsldiagvieidu 304-Stainless Steel visnun uanan1s1eil 6.1
fiauuanwiniu 5.050 bar w3 505.0 kPa wasnsdifinfigainiyu 3.129 bar e 312.9 kPa Fudulumuilandrivua fe Tu
a18999 LNG hag NG azdasilmnuauanlianinin 10 bar #5e 1,000 kPa s7uviaanutilunisiva iulusundnnisves API

14E Alemrualidnme
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M1919N 6.1 VOUAFIYNNNITA
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o

¥
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uadlensednvesans LNG lunsiliiugiu
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(inches)

Stream Name 1 2 3 4 5 6
Flow Rate (Barrel/Day) 35,631.8 36,678.8 42,515.8 118,446.6 152,693.8 210,021.0
Gas Flow Rate at STD
(MMSCFD) B - 124.76
Pressure Inlet (psi) 1,530.00 1,529.56 1,529.13 1,528.68 1,492.31 1,486.49
Nominal Pipe Size 12 20 22 5 6 16
Pipe Inner Diameter

12.00 19.25 21.25 5.047 6.065 15.25

Material Structure

304-Stainless

304-Stainless

304-Stainless

304-Stainless

304-Stainless

304-Stainless

Steel Steel Steel Steel Steel Steel
Flow Velocity (ft/s) 29.69 11.95 10.40 57.48 50.31 10.95
Pressure Drop
2.26 x 102 222 x 109 1.38 x 100 5.53 2.82 0.04
(psi/100 ft)
Pressure Drop Across
0.49 8.10 x 10* 0.01 27.68 0.73 0.47
Stream (bar)
a 9] o W ° a Adaa
M990 6.2 SUE]Hﬁfﬂﬂiyﬁ’l’]\‘iﬂ’]iﬁ’]u%iuiﬁﬁi@ﬁﬂ‘ﬂ@ﬂﬁ?ﬂ LNG Iuﬂsmm‘mqm
Stream Name Tie-In LNG Tie-In NG
Flow Rate (Barrel/Day) 35,631.75 209,694.45
Gas Flow Rate at STD (MMSCFD) - 124.76
Pressure Inlet (psi) 1,530.15 1,484.84
Nominal Pipe Size 12 16
Pipe Inner Diameter (inches) 12.00 15.25

Material Structure

304-Stainless Steel

304-Stainless Steel

Flow Velocity (ft/s)

29.69 10.96
Pressure Drop (psi/100 ft) 0.0224 0.0413
Pressure Drop Across Stream (psi) 0.396 0.085




o o o
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A13197 6.3 (a) TayadrAgmenisiuailansefinvesany LNG lunsdliifnian

Stream Name 1 2 3
Flow Rate (Barrel/Day) 17,815.88 27,304.94 103,949.54
Gas Flow Rate at STD (MMSCFD) - - 62.38
Pressure Inlet (psi) 1,529.75 1,529.30 1,528.86
Nominal Pipe Size 14 18 5
Pipe Inner Diameter (inches) 13.25 17.26 5.047

Material Structure

304-Stainless Steel

304-Stainless Steel

304-Stainless Steel

Flow Velocity (ft/s) 12.18 11.00 48.56
Pressure Drop (psi/100 ft) 0.0035 1.35x 107 2.410
Pressure Drop Across Stream (psi) 0.02 4.0x10* 18.63
a % o w ° a adad

$13519% 6.3 (b) sua%amﬂmmqmimmm"l,amaaﬂﬁummEJ LNG IUﬂﬁmWﬂVIEj@
Stream Name 4 5 6
Flow Rate (Barrel/Day) 17,540.44 76,269.54 104,912.90
Gas Flow Rate at STD (MMSCFD) - - 62.38
Pressure Inlet (psi) 1,529.75 1,521.03 1,514.87
Nominal Pipe Size 14 4 5
Pipe Inner Diameter (inches) 13.25 4.026 5.047

Material Structure

304-Stainless Steel

304-Stainless Steel

304-Stainless Steel

Pressure Drop Across Stream (psi)

Flow Velocity (ft/s) 11.99 56.00 49.05
Pressure Drop (psi/100 ft) 0.004 5.489 2.494
0.02 1.09 28.92

o o

17

M13199 6.4 TayaddgnenisAuinilensefinvesanenssuiun1saniua1sueu (CO, Capture) lunsalnfvign

38

Stream Name 15 14 13 12 9 8
Flow Rate (Barrel/Day) 171,852.0 3,415.8 152,978.5 292,470.7 499,480.4 1,090,318.2
Gas Flow Rate at STD
49.06 - 47.12 54.64 59.44 63.18
(MMSCFD)
Pressure Inlet (psi) 414.78 418.13 418.87 420.13 420.61 414.78
Nominal Pipe Size 6 6 8 8 10 16
Pipe Inner Diameter
6.065 6.065 7.981 7.981 10.02 15.25
(inches)
304-Stainless 304-Stainless 304-Stainless 304-Stainless 304-Stainless 304-Stainless
Material Structure
Steel Steel Steel Steel Steel Steel
Flow Velocity (ft/s) 50.55 11.14 28.61 54.42 59.27 55.75
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Erosion Velocity

- - 42.46 58.71 76.73 -
(ft/s) (Gas/Liquid Mix)
Pressure Drop

2.15 2.43 0.98 1.21 0.93 0.17

(psi/100 ft)
Pressure Drop Across

- 34.25 3.35 0.30 0.83 0.04
Stream (psi)

o o o

A13199 6.5 Yayadidynianisewinilensednvesanenszuiumsviamuwn Data Center Tunsdlifvign

o

Stream name 68 69 63 66 67 61 62
Flow Rate (Barrel/Day) 32,579.13 32,366.12 31,476.42 31,705.43 31,704.57 24,423.266 1,547,580.344
Gas Flow Rate at STD
- - - - - - 39.48
(MMSCFD)
Pressure Inlet (psi) 50.75 42.05 33.34 33.33 50.76 58.02 58.02
Nominal Pipe Size 20 20 20 20 20 16 20
Pipe Inner Diameter
18.81 18.81 18.81 18.81 18.81 15.25 19.25
(inches)
304-Stainless 304-Stainless
Material Structure Aluminum Aluminum Aluminum Aluminum Aluminum
Steel Steel
Flow velocity (ft/s) 11.05 10.98 10.68 10.75 10.75 12.60 49.69
Pressure Drop
5.02 x 103 5.09 x 103 5.94 x 103 498 x 103 498 x 103 4.15x 103 0.0845
(psi/100 ft)
Pressure Drop Across
4.7 x 103 5.4 x 103 0.0116 4.4 x 103 0.0098 0.0058 0.1377
Stream (psi)

[

a3V Net Positive Suction Head (NPSH) Required @1%5U Pump P-301 fiainAu 33.85 ft %58 10.317 1uns Lag

v o aw

NPSH Required fig Araussauzn1sgavesdy asuaniussiuiidesnisiidiunlaeniadgu Tunsivanimue iivevdnideans

Ainlwsseneluveamad (Cavitation) Fuduusngnsalnfiidesds ainmaialnssenniameluty wazifianisiansewdsme

TuvTnviesgu wazluinvastuual™
Inglunsdlifngaaziinsivaves LNG uuuswiu (Parallel) lngaiusiuan (Pressure Drop) YeduAAzang IEnINNqALYN
294 LNG fasiiiudsanunsavilivesivaluala™ aannsauialuany LNG aeenszuiunisandua1sueau (Carbon Capture)

fAtpsninnszulunslvimnuLEuiu Data Center satiu 3997128N15AAMAINDLRNANUFUAA LALANTZUIUNITHNTUAISUDY
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7. wdsnusaunazivaalniildlunszuauns (Power Consumption and Electrical Load List)

waali@undsnuiifienusnidu wasfianuddyiunsiilunsndavedssny ndsulnihvedsnulaeialud
Jadeiiihuiansan fe vuisvedlsanu Adslyihiidedd Snuaznionszuiunisuanvegnaivnisy uazUszinnueagunsal
T 1719 Tulse9ul® & slfraelunszurunisiioenuuulduiainnszuaunts Oreanic Rankine Cycle Unit vilii Ay
Sududosdolnilainnsusniiosas ‘17?\‘15I@ﬂlif\lﬁﬂgﬂﬁﬂﬂi#’ﬁ,ﬁamuQmmmﬁ’umﬂm%q guvaval (Pump) LawLAS0I5M
81117 (Compressor)

TunsAuanUsunamdsnulniildvensn (Separator) T-101 lunszuaun1s@induais uew (Carbon Capture)
NTTUIUATHAALUNIUEA (Methanol Synthesis) imﬁgqﬂszmumsv‘fw%qwémmaa (Purification of methanol) As¥UIUNITD

anlnsladavesin (Electrolysis of Water) waz o (Flare) n158198991n910a1n0u398 wazauufgiuniy Appendix. E.1

4
U

-e

1. Separator T-101 Tunszuiunisanduasueu finsldndsnuluin 0.705 kw seUsunaiianunsadnduldvenanan
AuaITBIaNen (Bottom) el

2. NSTUIUNSHARLUNIUBA L,Lazﬂﬁzuauﬂﬁﬁw%qméwwuaa finnslindsauli 2.83 kw seUSunasuniueai
annsonanld® ssndnislindsnuliitluededinudouneusnuaziaiosfnsal

3. nsyuaumsaEninsladavesit fnsldndsanulia 11.777 MW sefuresumueaiianunsananld® iosand
mslimdsnulnilumsyliiiAnnisuanddunansasiuialslanu (H,) wazuiaoendiau ()

4. wew dnsldndsanulnih 6.73 kw sednsnisivasesusedilus Inewnavesansianududianunsalwasiuléaey
Wosaniimsaniunusasn 24 $3lus Wenudasasfsvesnszuauns

oy WomUsinamdsnuliiiameildlunszuiuns Inevsmnamdsnulnihiigesnsiaommn (Requirement) 2zl
saumdsenlnindingnldann E-303 (Data Center Cold Utilization Heat Exchanger) iiosannagiimsimdsanulninludily

[

° & v &
QWU']NLUUTWEJ‘/LG]GUENIﬂﬁﬂﬂ’ﬁ JU
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Equipment Equipment Name Electricity Electricity

ID Consumption (kwh) Production (kWh)
C-101 Carbon Capture Compressor 2,959.82 -
T-101 Carbon Capture CO, Separator 3,098.44 -
P-201 ORC Pump 43.17 -
H-201 ORC Heater 12,860.62 -
C-201 ORC Turbine - 3,008.22
E-303 Data Center Cold Utilization Heat Exchanger - 1,427.54
P-301 Data Center Pump 5.21 -
H-301 Data Center Heater 5,117.88 -
Methanol Synthesis and Purification 5,104.71 -
Electrolysis of Water 21,243.16 -
Flare 832.62 -
Total 51,265.63 4,435.76

M13199 7.2 asuusinansidndenulnihluusagn sl

List Consumption Production Requirement
(kwh) (kwh) (kwh)
Regasification 1,909.04 - 1,909.04
Base Case 51,265.63 4,435.76 48,257.41
Scenario 1 166,060.67 2,556.89 166,060.67
Scenario 2 213,251.29 1,557.73 212,545.79
Scenario 3 116,362.21 3,127.82 114,938.22
Scenario 4 19,422.64 4,673.10 17,306.13
Scenario 5 19,317.77 4,233.02 15,084.76
Scenario 6 66,679.07 4,114.64 65,973.56
Scenario 7 67,914.02 3,674.22 65,092.01
Scenario 8 18,355.55 5,115.76 18,355.55
Scenario 9 315,118.52 - 315,118.52
Scenario 10 166,067.98 2,116.51 163,951.47




8. AMUABINTEs1IeUlng (Utility Requirements)

asslnaidudsiidfglunszuaunsfiatuayumefianises 4 Wilianedudunsfimngan msnuauae
gamgivesarsansaildlasuaniud suannufouansi deanissumiteufURn1s Heat Exchanger Auansisayulnaly
nszUIUN WU asvdesdu i Teth vie i dnfumsmusuenuduvesestranelunsyuiuns ildanmsldiedes
guvesnal (Pump) LaziA3De8Ma1NA (Compressor) tneldlwiinduunamdsay

Tumsfinuiniseenuuunszuiull anssaulnadildussnaulude 2 wia Ae

1. Wi indalieaarnnszuiunisininsusaAuansdumid (Organic Rankine Cycle - ORC) wagbnnldlunszuiunig

Hane1e o azsandulvinfdesnislunssuiunsndn

2. ansvaeiduaila Ao R290 wax tnaeidu InglunssuiunIsnanumueaLaznszuILNISINILeaUIaND

(Methanol Synthesis and Purification) Sinsldwasauanniivasidiu winiu 12.22 kW sieUSunaumueafianunsandnlatd

o I = o a = a ! ' a 9] ) =
PNUU NIANTINTITANUUNTEUIUNTITILANTVDINTEUAN € %aﬂNamaﬂimmmﬂﬁnmmi%ﬂﬂﬂ MINIT NN 8.1- 8.2

¥
=1

M13199 8.1 AnusBanIsassUlnAvefazIATOwBINTAINUG U

Equipment ID Equipment Name Refrigeration Refrigeration
R290 Water
(kwh) (kwh)
E-103 Carbon Capture Steam Generator - 3,052.78
E-201 ORC LNG Heat Exchanger 13877.78 -
E-202 ORC Chilled Water Generator - 3,980.56
E-301 Data Center Propane Condense Heat Exchanger 2,229.44 -
E-302 Data Center Propane Vaporize Heat Exchanger 2,229.44 -
E-303 Data Center Cold Utilization Heat Exchanger - 1,427.50
E-304 Data Center Natural Gas Heat Exchanger - 4,322.22
Methanol Synthesis and Purification - 22,042.24
Total 18,336.66 34,825.30




M13199 8.2 asUusinansidanssallaaluusaynsdl

List Requirement Refrigeration Refrigeration
(kwh) R290 Water
(kwh) (kwh)
Regasification 1,909.04 - 17,272.22
Base Case 48,257.41 18,336.66 34,825.30
Scenario 1 166,060.67 19,150.00 126,315.36
Scenario 2 212,545.79 9,527.10 165,216.44
Scenario 3 114,938.22 19,052.32 85,131.11
Scenario 4 17,306.13 28,579.30 7,188.18
Scenario 5 15,084.76 18,862.70 4,940.40
Scenario 6 65,973.56 28,683.10 46,257.87
Scenario 7 65,092.01 18,952.50 41,978.62
Scenario 8 18,355.55 38,300.00 9,448.00
Scenario 9 315,118.52 - 244,746.83
Scenario 10 163,951.47 9,429.30 124,145.77




9. Equipment and Control Valve Data Sheet

v
=1

A5 9.1 Gﬁagamaaqﬂﬂsd Heat Exchanger, U-tube (Both Shell and Tube) GLumajwugm (Base-Case)

Heat Exchanger H-201 H-301 E-301 E-302 E-303 E-304

Inlet Stream Name 58 67 4 61 62 69 63 5 68
Temperature °C 20.00 15.01 -22.85 1.230 -6.000 20.61 4.996 -1.270 50.90
Pressure kPa 945.2 350.0 10,540 400.0 400.0 290.0 230.0 10,480 350.0
Mass Flows ke/h 103,500 119,000 100,000 20,230 20,230 119,000 119,000 100,000 119,000
Mole Flows kmol/h 2,347 6,604 6,226 458.7 458.7 6,604 6,604 6,226 6,604
Mass Density ke/m’ 500.2 1,015 122.7 8.473 536.9 1,011 1,022 98.86 987.6
Molar Vapor Fraction 0.0000 0.0000 1.0000 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
Outlet Stream Name 59 68 5 62 61 63 66 6 69
Temperature °C 75.00 50.90 -1.270 -6.000 1.230 4.996 15.00 48.90 20.61
Pressure kPa 945.2 350.0 10,480 400.0 400.0 230.0 230.0 10,480 290.0
Mass Flows ke/h 103,500 119,000 100,000 20,230 20,230 119,000 119,000 100,000 119,000
Mole Flows kmol/h 2,347 6,604 6,226 458.7 458.7 6,604 6,604 6,226 6,604
Mass Density kg/m’ 16.13 987.6 98.86 536.9 8.473 1,022 1,015 71.88 1,011
Molar Vapor Fraction 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 0.0000 1.0000 0.0000
Utility MW 12.86 5.118 2.230 2.230 1.428 4.321




A15197 9.2 Joyavedgunial Heat Exchanger, Plate - 304 SS Tunsaiiiugnu (Base-Case)
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Equipment ID E-101 E-102 E-103 E-201

Inlet Stream Name 1 12 2 9 8 10 3 60
Temperature °C -154.5 -15.50 -143.8 120.0 520.5 30.00 -127.8 5.323
Pressure kPa 10,550 2,894 10,550 2,897 2,900 300 10,540 128
Mass Flows ke/h 100,000 19,810 100,000 19,810 19,810 4,168 100,000 103,500
Mole Flows kmol/h 6,226 693.5 6,226 693.5 693.5 231.3 6,226 2,347
Mass Density ke/m’ 423.7 46.47 408.9 27.21 12.47 1,004 385.7 2.502
Molar Vapor Fraction 0.0000 0.8648 0.0000 0.9408 1.0000 0.0000 0.0000 1.0000
Outlet Stream Name 2 13 3 12 9 11 4 54
Temperature °C -143.8 -102.0 -127.8 -15.50 120.0 133.2 -22.85 -37.53
Pressure kPa 10,550 2,890 10,540 2,894 2,897 297 10,540 125
Mass Flows ke/h 100,000 19,810 100,000 19,810 19,810 4,168 100,000 103,500
Mole Flows kmol/h 6,226 693.5 6,226 693.5 693.5 231.3 6,226 2,347
Mass Density ke/m’ 408.9 88.84 385.7 46.47 27.21 1.617 122.7 574.9
Molar Vapor Fraction 0.0000 0.7458 0.0000 0.8648 0.9408 1.0000 1.0000 0.0000
Utility MW 1.016 1.563 3.053 13.88




A15197 9.3 Gﬁagamaaqﬂﬂsd Heat Exchanger, Plate — 304 SS, Pump, Compressor, Turbine Wag Separator Iumzﬁﬁugm (Base-Case)

Equipment ID E-202 P-201 P-301 C-101 C-201 T-101
Equipment Heat Exchanger Pump Pump Compressor Turbine Separator
Inlet Stream Name 55 56 54 66 7 59 13
Temperature °C -37.15 30.00 -37.53 15.00 52.00 75.00 -102.0
Pressure kPa 945.2 350.0 125.0 230.0 100.0 945.2 2,891

Mass Flows kg/h 103,500 132,700 103,500 119,000 19,810 103,500 19,810

Mole Flows kmol/h 2,347 7,366 2,347 6,604 693.5 2,347 693.5

Mass Density ke/m’ 575.5 1,004 574.9 1,015 1.058 16.13 88.84

Molar Vapor Fraction 0.0000 0.0000 0.0000 0.0000 1.0000 1.0000 0.7458
Outlet Stream Name 57 58 55 67 8 60 14 15
Temperature °C 5.00 20.00 -37.15 15.01 520.5 5.323 -102.0 -102.0
Pressure kPa 230.0 945.2 945.2 350.0 2,900 128.0 2,891 2,891
Mass Flows ke/h 132,700 103,500 103,500 119,000 19,810 103,500 4,400 15,410
Mole Flows kmol/h 7,366 2,347 2,347 6,604 693.5 2,347 155.1 538.4
Mass Density ke/m’ 1,022 500.2 575.5 1,015 12.47 2.502 1,172 67.73
Molar Vapor Fraction 0.0000 0.0000 0.0000 0.0000 1.0000 1.0000 0.0000 1.0000
Utility MW 3.891 0.043 0.0052 2.960 3.008
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M19199 9.4 Yayavesaunsal Control Valve Tunsaliiugiu (Base-Case)

Equipment ID X-101 X-103 X-104 X-105 X-106 X-109 X-202 X-203
Inlet Stream Name 13 15 14 3 10 7 56 a4
Temperature °C -102.0 -102.0 -102.0 -127.8 30.00 52.00 30.00 -22.85
Pressure kPa 2,891 2,891 2,891 10,540 300 100.0 350.0 10,540
Mass Flows ke/h 19,810 15,410 4,400 100,000 4,168 19,810 132,700 100,000
Mole Flows kmol/h 693.5 538.49 155.05 6,226 231.3 693.5 7,366 6,226
Mass Density kg/m’ 88.84 67.73 1172 385.7 1,004 1.058 1,004 122.7
Molar Vapor Fraction 0.7458 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000 1.0000
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10. Equipment List

M19199 10.1 fegreseaziBenvesgUnsaiiiltlunsaivugiu (Base-Case)

No. Equipment ID Equipment Name Number Required Location
1 E-101 Carbon Capture LNG 1° Heat Exchanger 1 Carbon Capture Unit
2 E-102 Carbon capture LNG 2" Heat Exchanger 1 Carbon Capture Unit
3 E-103 Carbon Capture Steam Generator 1 Carbon Capture Unit
4 C-101 Carbon Capture Compressor 1 Carbon Capture Unit
5 T-101 Carbon Capture CO, Separator 1 Carbon Capture Unit
6 X-101 Control Valve 1 Carbon Capture Unit
7 X-102 Safety Valve 1 Carbon Capture Unit
8 X-103 Control Valve 1 Carbon Capture Unit
9 X-104 Control Valve 1 Carbon Capture Unit
10 X-105 Control Valve 1 Carbon Capture Unit
11 X-106 Control Valve 1 Carbon Capture Unit
12 X-107 Globe Valve 1 Carbon Capture Unit
13 X-108 Mixing Valve 1 Carbon Capture Unit
14 X-109 Control Valve 1 Carbon Capture Unit
15 P-201 ORC Pump 1 Organic Rankine Cycle
16 C-201 ORC Turbine 1 Organic Rankine Cycle
17 H-201 ORC Heater 1 Organic Rankine Cycle
18 E-201 ORC LNG Heat Exchanger 1 Organic Rankine Cycle
19 E-202 ORC Chilled Water Generator 1 Organic Rankine Cycle
20 X-201 Check Valve 1 Organic Rankine Cycle
21 X-202 Control Valve 1 Organic Rankine Cycle
22 X-203 Control Valve 1 Organic Rankine Cycle
23 X-204 Mixing Valve 1 Organic Rankine Cycle
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No. Equipment ID Equipment Name Number Required Location

24 E-301 Data Center Propane Condense Heat Exchanger 1 Cooling Data Center
25 E-302 Data Center Propane Vaporize Heat Exchanger 1 Cooling Data Center
26 E-303 Data Center Cold Utilization Heat Exchanger 1 Cooling Data Center
27 E-304 Data Center Natural Gas Heat Exchanger 1 Cooling Data Center
28 P-301 Data Center Pump 1 Cooling Data Center
29 H-301 Data Center Heater 1 Cooling Data Center
30 X-301 Check Valve 1 Cooling Data Center
31 X-302 Globe Valve 1 Cooling Data Center
32 X-303 Mixing Valve 1 Cooling Data Center
33 C-401 Methanol Synthesis 1¥ Compressor 1 Methanol Synthesis
34 C-402 Methanol Synthesis 2" Compressor 1 Methanol Synthesis
35 C-403 Methanol Synthesis 3 Compressor 1 Methanol Synthesis
36 C-404 Methanol Synthesis 4" Compressor 1 Methanol Synthesis
37 E-401 Methanol Synthesis 1° Heat Exchanger 1 Methanol Synthesis
38 E-402 Methanol Synthesis 2" Heat Exchanger 1 Methanol Synthesis
39 E-403 Methanol Synthesis 3™ Heat Exchanger 1 Methanol Synthesis
40 E-404 Methanol Synthesis 4™ Heat Exchanger 1 Methanol Synthesis
41 H-401 Methanol Synthesis Heater 1 Methanol Synthesis
42 H-402 Methanol Synthesis H,O Heater 1 Methanol Synthesis
43 H-403 Methanol Synthesis CO, and H,O Heater 1 Methanol Synthesis
44 H-404 Methanol Synthesis CO, Heater 1 Methanol Synthesis
45 R-401 Methanol Synthesis Reactor 1 Methanol Synthesis
a6 T-401 Methanol Synthesis Flash Drum 1 Methanol Synthesis
ar T-402 Methanol Synthesis Separator 1 Methanol Purification
a8 T-403 Methanol Synthesis CO, Separator 1 Methanol Synthesis
49 X-401 Control Valve 1 Methanol Synthesis
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No. Equipment ID Equipment Name Number Required Location

50 X-402 Control Valve 1 Methanol Synthesis
51 X-403 Control Valve 1 Methanol Synthesis
52 X-404 Safety Valve 1 Methanol Synthesis
53 X-405 Mixing Valve 1 Methanol Synthesis
54 X-406 Globe Valve 1 Methanol Synthesis
55 X-407 Globe Valve 1 Methanol Synthesis
56 X-408 Mixing Valve 1 Methanol Synthesis
57 X-409 Control Valve 1 Methanol Synthesis
58 X-410 Safety Valve 1 Methanol Synthesis
59 X-411 Control Valve 1 Methanol Synthesis
60 X-412 Safety Valve 1 Methanol Synthesis
61 X-413 Control Valve 1 Methanol Purification
62 X-414 Control Valve 1 Methanol Synthesis
63 X-415 Safety Valve 1 Methanol Purification
64 X-416 Control Valve 1 Methanol Purification
65 X-417 Control Valve 1 Methanol Purification
66 X-418 Mixing Valve 1 Methanol Synthesis
67 X-419 Control Valve 1 Methanol Purification
68 X-420 Control Valve 1 Methanol Purification
69 X-421 Mixing Valve 1 Methanol Purification
70 X-422 Control Valve 1 Methanol Synthesis
71 X-423 Control Valve 1 Methanol Synthesis
72 X-424 Control Valve 1 Methanol Synthesis
73 X-425 Control Valve 1 Methanol Synthesis
74 X-426 Control Valve 1 Methanol Purification
75 C-501 Electrolysis Compressor 1 Electrolysis of Water
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No. Equipment ID Equipment Name Number Required Location

76 EL-501 Electrolyser 1 Electrolysis of Water
77 T-503 Electrolysis Separator 1 Electrolysis of Water
78 X-501 Mixing Valve 1 Electrolysis of Water
79 X-502 Mixing Valve 1 Electrolysis of Water
80 X-503 Globe Valve 1 Electrolysis of Water
81 X-504 Safety Valve 1 Electrolysis of Water
82 X-505 Control Valve 1 Electrolysis of Water
83 X-506 Control Valve 1 Electrolysis of Water
84 X-507 Safety Valve 1 Electrolysis of Water
85 X-508 Control Valve 1 Electrolysis of Water
85 X-509 Control Valve 1 Electrolysis of Water
86 X-510 Mixing Valve 1 Electrolysis of Water
87 H-601 Flare 1 Flare

88 X-601 Mixing Valve 1 Flare

89 X-602 Control Valve 1 Flare

90 X-603 Control Valve 1 Flare

91 X-604 Control Valve 1 Flare

92 X-605 Control Valve 1 Flare
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11. Qmauﬁa%aﬂqﬂniﬂj (Equipment Specification)

WHI9NIUN1TOBNLUUNIANTUNTVRINTEUIUNITVNGAS
foens lnsgunsaindndudeddlunsdiiugiuasgnuansdsmsnsi 11.1 - 11.6 dwiugunsal Heat exchanger temsaelounnuiou Inedeyadinaiuansusunaiiug

Aadmsumsuanitisunnuseuanlusunsd ASPEN HYSYS (AspenTech) wagUseiiusianiisiiiu T Appendix. E.5 msAwinsiaduyuaunsal wagdadnisimunge

a

VDUAAUANUR

wa

anudusnngadulldnesnwuulidmsunslden (Maximum Operating Pressure, MOP) watusiayguUnsnidnsig!e?

M99 11.1 AnasAvesgUnsnl Heat Exchanger, U-tube (Both Shell and Tube) lunsdiitug1u

¢ wa s o & «:4' Y a o ¢ dl
19399Un 30l wanruanURvesgunsaidndulunisnssuiuns e lilandnduainiudn

Heat Exchanger H-201 H-301 E-301 E-302 E-303 E-304
Material Shell - Al Shell - Al Shell - 304 SS Shell - Al Shell - Al Shell - Al
Tube - Al Tube - Al Tube - 304 SS Tube - Al Tube — Al Tube — Al
TEMA Type AFL AFL AFL AFL AFL AFL
Heat Transfer Area sgm 60.32 60.32 60.32 60.32 60.32 60.32
Minimum Approach °C 5.000 5.000 2.500 10.462 5.000 2.000
Shell Diameter m 0.739 0.739 0.739 0.739 0.739 0.739
Number of Tubes per Shell 160 160 160 160 160 160
Shell Volume per Shell cum 2.272 2.272 2.272 2.272 2.272 2.272
Tube Volume per Shell cum 0.1930 0.1930 0.1930 0.1930 0.1930 0.1930
Tube Length Extended m 6.00 6.00 6.00 6.00 6.00 6.00
Tube Pitch m 0.05 0.05 0.05 0.05 0.05 0.05
Net Duty MW 12.86 5.118 2.230 2.230 1.428 4.321
Maximum Operating Pressure (MOP) kPa 11,594 385 11,594 440 253 11,594




M13199 11.2 Aauandivesgunsal,

Plate — 304 SS Tunsal

¥
=]

g
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Heat Exchanger E-101 E-102 E-103 E-201 E-202
Heat Transfer Area sgm 60.32 60.32 60.32 60.32 60.32
Layer 2 2 2 2 2
Pitch Fins m 530.0 530.0 530.0 530.0 530.0
Fin Thick m 0.000419 0.000419 0.000419 0.000419 0.000419
Plate Thick m 0.00122 0.00122 0.00122 0.00122 0.00122
Min Approach °C 52.50 128.273 3.688 0.616 10.00
LTMD °C 78.47 195.3 54.83 14.53 21.31
Net Duty MW 1.016 1.563 3.053 13.88 3.981
Maximum Operating Pressure (MOP) kPa 11,594 11,594 3,190 11,594 1,039.72
M39ft 11.3 auaifvesgunal Pump Tunsdiitugiu

Pump P-201 P-301

Type Centrifugal Centrifugal

Liquid Flow Rate cum/sec 0.057 0.033

Rotor Power kw 43.17 5.21

Pump Efficiency % 95.0 75.0

NPSH Available m 33.06 36.97

Pressure Head m 145.5 12.06

Synchronous Speed rpm 1,800 1,800

Motor Inertia keg*sgm 1,000 1,000

Gear Ratio 1.000 1.000

Materials of Construction 304-5S 304-5S

Maximum Operating Pressure (MOP) kPa 1,039.72 385




v

M19199 11.4 Aauantfvesgunsal Compressor lunsainugu

Compressor C-101
Type Centrifugal
Adiabatic Head m 52,110
Polytropic Head m 52,970
Fluid Head m 519.4
Adiabatic Fluid Head kJ/kg 511.1
Polytropic Fluid Head kl/kg 519.4
Power Requirement kw 2,960
Synchronous Speed rpm 1,800
Motor Inertia kg*sgm 1,000
Gear Ratio 1.000
Adiabatic Efficiency 95.000
Polytropic Efficiency 96.552
Materials of Construction 304-5S
Maximum Operating Pressure (MOP) kPa 3190

A1319% 11.5 ansantAvesaunsal Turbine Tunsdliugiu

Turbine C-201
Adiabatic Head m 11,230
Polytropic Head m 11,310
Fluid Head m 110.9
Adiabatic Fluid Head kJ/kg 110.2
Potential Fluid Head kJ/ke 110.9
Fluid Power kw 3,008
Isentropic Efficiency 95.000
Polytropic Efficiency 94.382
Materials of Construction 304-SS
Maximum Operating Pressure (MOP) kPa 1,039.72
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M19199 11.6 AauanURvesgunsal Separator lunsainugiu

Separator T-101

Type Separator Solid Gas Separator
Orientation Vertical
Geometry Flat Cylinder

PV Work Term Contribution 100.0
Volume m’ 0.9786
Vessel Pressure kPa 2,891
Temperature °C -102
Maximum Operating Pressure (MOP) kPa 3,180.1

12. ajiﬂﬁmqﬂn’mj (Equipment Cost Summary)
mslasgiemaunsal wwldmssiauuigiuain 4 unasdnsda eun

12.1 99019 UnTallage1de nann19n15UTEUIIIA181989910911338 Thermo-Economic Modeling of An
Atmospheric SOFC/CHP Cycle: An Exergy Based Approach!®’l

12.2 iAgUnsnivesnszsvIunsdidninslataveni (Electrolysis of Water) fin138158497n911348 Techno-Economic
and Sensitivity Analysis of Biomethane Production Via Landfill Biogas Upgrading and Power-to-Gas Technology!®!

12.3 ’iﬁﬁ’]qﬂﬂ’iiﬁ%a\‘iﬂ’iﬁm’mﬂ’ﬁwamLiJ‘Vl’]‘L!E)aLLﬁSﬁ’ﬂﬁLNVI’ME}aU%Ejﬂé (Methanol Synthesis and Purification) 8in1s
§148 991191U798 Techno-Economic Assessment and Early-Stage Screening of CO, Direct Hydrogenation Catalysts for
Methanol Production Using Knowledge-Based Surrogate Modeling!*®!

12.4 5919 UN5lY8INTEUIUNNTANTUAISUBYU (Carbon capture) Iy T-101 §n158198991n911378 Detailed
Design and Economic Evaluation of A Cryogenic Air Separation Unit with Recent Literature Solutions®

12.5 swmqﬂﬂsm‘%wmm (Flare) 1n159198931197U33 Flare Gas-to-Power By Direct Intercooled Oxy-
Combustion Supercritical CO, Power Cycles!®!!

punann1sted 12.1 axfinisld Chemical Engineering Plant Cost Index Litovnsagunsalmatiagiiu Tnglunns

Auwinwansly Appendix. E.7.2 agmssuamiundnnisden 12.2 81 12.5 1unsduiasiiomsiagunsalmuauufgiunle

o Al a ° a

vualilu Appendix. E.1 1fi8sa1neuddeiiladndesinisivunidusiaamuisusiu (Total Capital Cost) 8nvislunszuiunis
HARLATYINUIAVBIUVIURA NSTUIUNIIANTUAISUBY waznszuiunsBianinsladavesi Feusiagunsalludiuvesdaiu

a L2 Y al ¥ 1%
mamwﬁbﬁamamma



n13719 12.1 'i’m’lqﬂﬂﬁiﬁ%mﬂi%muﬂ’li Regasification LLazﬂiﬁﬁﬁug’m (Base Case)

N8l Regasification

Equipment Name Equipment ID THB
Regasification LNG Tank TK-101 19,728,653.00
Regasification Intake Pump P-101 12,402,479.89
Open Rack Vaporizers E-101 2,380,582.02
Regasification Sea Water Pump P-102 22,273,710.08
Total 60,572,942.81

nsilugnu (Base Case)
Carbon Capture

Equipment Name Equipment ID THB
Carbon Capture LNG 1% Heat Exchanger E-101 2,380,582.02
Carbon Capture LNG 2" Heat Exchanger E-102 2,380,582.02
Carbon Capture Steam Generator E-103 2,380,582.02
Carbon Capture Compressor C-101 516,932.03
Carbon Capture CO, Separator T-101 2,230,400.00
Total 9,889,078.10

Organic Rankine Cycle — ORC

Equipment Name Equipment ID THB
ORC Pump P-201 2,005,539.01
ORC Turbine C-201 64,288,722.08
ORC LNG Heat Exchanger E-201 2,380,582.02
ORC Chilled Water Generator E-202 2,380,582.02
ORC Heater H-201 2,380,582.02
Total 73,436,007.15

Cooling Data Center

Equipment Name Equipment ID THB
Data Center Propane Condense Heat Exchanger E-301 2,380,582.02
Data Center Natural Gas Heat Exchanger E-304 2,380,582.02
Data Center Propane Vaporize Heat Exchanger E-302 2,380,582.02
Data Center Cold Utilization Heat Exchanger E-303 2,380,582.02
Data Center Pump P-301 446,923.15
Data Center Heater H-301 2,380,582.02
Total 12,349,833.25
Flare 1,239,758.00
Methanol Synthesis and Purification 68,133,550.00
Electrolysis of Water 42,795,000.00
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M1919 12.2 a5U51A19UNnI0innnIainIge

Case Equipment Cost (Baht)

Regasification 60,572,942.81
Base Case 207,843,226.50
Scenario 1 452,233,608.84
Scenario 2 599,288,357.41
Scenario 3 367,783,924.92
Scenario 4 85,298,204.97
Scenario 5 109,900,127.68
Scenario 6 239,171,573.80
Scenario 7 267,955,130.43
Scenario 8 14,854,405.03
Scenario 9 834,269,114.54

Scenario 10 486,540,015.41
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13. ms%mmzﬁéu’uvgum*samu (Investment Cost Summary) wag n’lﬁtﬂiﬂzﬁw’ml,ﬂi‘t@ﬂ'laﬁ (Economic
Analysis)
msiasgisuunsamu arldmsfiaunigiuain 2 uwndedieda un
13.1 ma‘dsx‘mmﬁunummmuﬁmﬁ’ﬂﬂﬁé’?ﬂaumﬁgml,l,awﬁﬂmi 1Au9198991ARaNNT WLED Analysis, Synthesis, and
Design of Chemical Processes, Third Edition®! wag Chemical Engineering Design!®®! 57979970 Appendix. C ﬁﬁﬂﬂiﬂamaa
vosanshuusazgunsal
13.2 miﬂizmmﬁunumiamuﬁmﬁami@?qamagmmwﬁﬂmi 1n88198991N91U398

13.2.1 Techno-Economic and Sensitivity Analysis of Biomethane Production Via Landfill Biogas Upgrading and
Power-to-Gas Technology!®!

13.2.2 Techno-Economic Assessment and Early-Stage Screening of CO, Direct Hydrogenation Catalysts for
Methanol Production Using Knowledge-Based Surrogate Modeling!**!

13.2.3 Detailed Design and Economic Evaluation of A Cryogenic Air Separation Unit with Recent Literature
Solutions!®¥

13.2.4 Flare Gas-to-Power By Direct Intercooled Oxy-Combustion Supercritical CO, Power Cycles®!

Tngfog1anansAuImmNnanTTeil 13.1 uansasun1siaTzidumunsamu (Capital Investment) 184n36)
flugnulu Appendix E.7.2 msliaszidununsamu lnsedevdnnisnmsuszanadununsamusadennudde Analysis,
Synthesis, and Design of Chemical Processes, Third Edition kag Chemical Engineering Design Imﬂiﬁmﬁunumiamu
favan (Total Capital Investment, TCI) azUsenaudae Suawmuidudu (Fixed Capital Investment, FCI) wag Runuuyuliou
(Working Capital, WC) Andu 15% Sumﬁuawluﬁy’wm mmamagmﬁié’ﬁmuﬂlﬂu Appendix. E.1 3u#ua1nn15U5211051A7
gunsallngo1Aevdnn1snsUszInAITIAE198591n911338 Arab uazany® Geaninsnthunvdunaiuduiidureuivaa
fuiinveuvedlsaau ISBL (Inside Battery Limits) Plant Costs l¢ IneiRuasyjuiSusiu (Fixed Capital Investment) Uszanauanu
6 (Y1949 ISBL Plant Costs 3352uuyudmiu Total Module Cost (CTM) wazdss1ursnuazaaniaia (Auxiliary Facilities
Cost, CM) Total Module Cost Usznausae Total Bare Module Cost (CBM) Ansssailouuagziiu d15eewnidumniinivgnisal
flilandnuagilinisaifiunszuiunisvedlssnulianunsasuiuld Wuund dserueanuazaniasy Ussnaudie szuu

a v @

assyUlnanag #s8uiAnuasaINNeuen Wy duAuingiu dufundedun ssuunisndnasisadlnadmsuin vaedu
arsvastdu Lo szuuUsulsedsandeudiunansdmsu ssuumnlul uazszuudesiudafds n1sUusulsauasWauniiug

9

o w

d1915U auu Mufu M19easa n1sinseszuulnin ssuvdifuazssuu s n1sneadainasy Andidnau Tssdeuusy
Wosmuaukarlnda® uaglunisauinsiadunulunisndnianun (Total Operating Cost) wiagUagwiniu AunuRuwls
(Variable Production Costs) lngagsiuA1319AL WagazduiuiuuTinunsuanile fie a1ssyulan Ardeuusy Ay

5%
(% {

Tuusiazdsiuiiv Auyuai (Fixed Costs) NuiuAdausian (Depreciation) luwsiasl wazlunisrwinsnvesasinnauiy

o

(Refrigerant) isuuag R290 (Propane) aggnilumuiadusiamduyunisamunmin lagdinnsansainisinzslunisinwnnd

aney
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v
=] [

nndnn1sTedt 12.2 aunsadivualdnell nszurunisinduatsueu® finnsAuan Total Capital Cost Winfu
1,800,000 USD luae Total Operating Cost winiufesay 7.5 283 Total Operating Cost Inedalyisufuusunamalningily

NITUIUNTFLATIBANNIUEA TIINTEUIUNMTIUTaVEvueal® In1sAuin Total Capital Cost wirfiu 55,000,000 USD

'
aaa a

waz Total Operating Cost 1¥1117U 1.5 USD siaflansuvesuniueaiiauisandnls 3959u51A19038 059U A5 19 Ao
CW/ZnO/ALOSY U3unau 1,459.41 Alansul” nismdauazildsuduseljisendengnislidamu 8 U8 sauisansisadlan
du 9 nszvaumsdaninsladawesi Electrolysis of Water 9 fin1sAuan Total Capital Cost iy 30,000,000 EURO @aqy

finsrugunsallunisuenii duwiaeendauiseuiaeudi uas Total Operating Cost azinfiusesay 25 vas Total Capital

o '
(% A a

Cost 1ng53131A1v89N15A13ngUnsaln ldlunseuiuns Ae Weananfsuldsnaudldlunisunndlvesdn SniuieLiiy

2

UszanSnmmsuandivesd lulltualnevzdissesUfisen e Platinum Black High Surface Area (HSA) 1UusLssUfiisend
=
W

pd)}

v '
aa

Anuusgvsgavhlilivuleuluansudnsdue Tulstuelunasiifusafisen fie Iridium Black azilusussufisenfinuiiiog

Lo

warnunu®? Faazdenansldeu wiiu 70,000 Hlua* wartaualva Wuwnwanfty (Platinum) Takeluadugiifieusenlyd
(RuO,) (Ruthenium Dioxide) lngyafininitaziedunindansiulideavunaignisldan (Salvage Value, Sa) Fedslaisau
iwmsumu"wﬁl,ﬂu’j"mqﬁu (Raw Material) hazuoln1®Y din15A1u10 Total Capital Cost 111U 1,000,000 USD wag Total

Operating Cost Winfiusesay 21 484 Total Capital Cost (Hipta1naesiin1siaiaiesegnasaiiaidsiinisinaliluagnisdey
U133 Bslidnsnisluanisiuaiisessulduinnindviuansianuduresianue wazsmagoutsshuusazdisausosunds delu

v

NTUIUNITAINET in15AA Total Capital Cost 9MNNUATHYINAUNTENUFIU 19991 RI1N5 IR0 @ TAIAUVDIUITEUY

L]

Weganesednsnsinavesansasdululasenis lnglunsdl@nen 1-10 agdinsAadisuiuinuaunis E.3 Ainuualu Appendix.

E.5

13.3 mywnnzimaasugenansaziiudnniaasesdliedmivinsananumunzaulunsdsig q Tnansinszinszuadudg

WndulusdasUlugissugnalasinisiaula lulasinisinsieseina AlsaeiiansananssegAunu (Discounted Payback

v

Period, DPBP) siaAnUaqUugmnd (Net Present Value, NPV) WAL SRTIHARDULNUTLESUINTATINS (Internal Rate of Return,

q

o
v aa a L3

IRR) 1941 33n153ATzsin1aasuganans (Economic Analysis) uagnnsiiaseiuanils (Profit Analysis) azé19899 nudnnns
Twmsieannnilsde Analysis, Synthesis, and Design of Chemical Processes, Third Edition'®® wag Chemical Engineering
Designl®®!

Msauudgudmiunsiiengimaassgmaniimnssuuansly Appendix. E.1 ag9azidon dan15iiasieinig
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nsal Regasification

Production Investment Cost Summary
Carbon Dioxide - ton/year Land Cost
Overall Electricity Production - MWhin Area 1.00 Rai
a year Total Land Cost 200,000 THB/yr

Cold Energy - ton/yr Installed Equipment Cost (THB)
Methanol - ton/year ORV Regasification 212,377,489
Water - ton/year CO, Capture -
Oxygen - ton/year Organic Rankine Cycle -

Operating Cost Summary (THB/yr) Cooling Data Center -
LNG - Water Electrolysis -
Sea Water - Methanol Synthesis and -
Water - Purification
Total Raw Material Cost - Total Installed 212,377,489
Electricity 56,521,370 Equipment Cost
Cold Energy Utilization 8,760,000 The Sum of Fixed Capital 1,274,264,937
Total Utility 65,281,370 Investment Minus The
Total Operating Labor 568,500 Cost of Land
The Cost of Manufacturing 84,526,380 The Sum of Working Capital 229,367,689
The Cost of Manufacturing Total Capital Investment 1,503,632,625

77,277,010
without Depreciation
Net Present Value -2,246,896,857 THB | Revenue - THB/yr
Annual Value -247,536,295 THB | Gross Profit with - THB/yr
Depreciation
Internal Rate of Return - % Gross Profit without - THB/yr
Depreciation

Discounted Payback Period - years | Net Profit - THB/yr
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nsal Base Case

Production Investment Cost Summary

Carbon Dioxide 2,089.09 ton/year Land Cost
Overall Electricity Production 26,351.99 MW in ayear | Area 20.00 Rai
Steam 36,509.48 ton/year Total Land Cost 2,000,000 THB/year
Cold Energy 15,370.36 MW in a year Installed Equipment Cost (THB)
Methanol 15,801.15 ton/year Flare 6,198,790
Demin Water 23,607.22 ton/year CO, Capture 36,985,152
Oxygen 23,701.72 ton/year Organic Rankine Cycle 274,650,667

Operating Cost Summary (THB/year) Cooling Data Center 42,061,106
LNG - Water Electrolysis 160,053,300
Sea Water - Methanol Synthesis and 254,819,477
Demin Water 183,433 Purification
Total Raw Material Cost 183,433 Total Installed 774,768,492
Electricity 738,450,800 Equipment Cost
Water 24,026,236 The Sum of Fixed Capital 4,639,519,511
Cold Energy Utilization 8,760,000 Investment Minus The
Total Utility 771,237,036 Cost of Land
Total Operating Labor 568,500 The Sum of Working Capital 835,113,512
The Cost of Manufacturing 1,874,556,840 Total Capital Investment 5,474,648,732

The Cost of Manufacturing

1,849,764,248

Revenue 2,801,980,298 THB/year

without Depreciation Gross Profit with 1,985,930,191  THB/year
Net Present Value 2,957,912,716  THB | Depreciation

Annual Value 325,867,542 THB | Discounted Payback 10 years
Internal Rate of Return 16.6 % Period
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n58U Scenario 1

Production Investment Cost Summary

Carbon Dioxide 2,081.858 ton/year Land Cost
Overall Electricity Production - MWin ayear | Area 20.00 Rai
Steam 165,966.58 ton/year Total Land Cost 2,000,000 THB/year
Cold Energy 22,398.40 MW in a year Installed Equipment Cost (THB)
Methanol 77,218.01 ton/year Flare 5,299,904
Demin Water 110,342.22 ton/year CO, Capture 73,415,584
Oxygen 115,827.01 ton/year Organic Rankine Cycle -

Operating Cost Summary (THB/year) Cooling Data Center 42,823,560
LNG - Water Electrolysis 569,454,400
Sea Water - Methanol Synthesis and 997,473,649
Demin Water 332,107 Purification
Total Raw Material Cost 332,107 Total Installed 1,688,467,097
Electricity 1,125,761,521 Equipment Cost
Water 3,326,030 The Sum of Fixed Capital 10,122,788,977
Cold Energy Utilization 8,760,000 Investment Minus The
Total Utility 1,137,847,551 Cost of Land
Total Operating Labor 568,500 The Sum of Working Capital 1,822,102,016
The Cost of Manufacturing 5,982,003,269 Total Capital Investment 11,944,906,703
The Cost of Manufacturing Revenue 9,751,181,514 THB/year
without Depreciation >921,912,322 Gross Profit with 8,549,910,399  THB/year
Net Present Value 22,270,506,920 THB | Depreciation
Annual Value 2,453,498,814 THB | Discounted Payback 5 years
Internal Rate of Return 315 % | Period
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NS84 Scenario 2

Production Investment Cost Summary

Carbon Dioxide 2,061.97 ton/year Land Cost
Overall Electricity Production 6,180.20 MW in ayear | Area 20.00 Rai
Steam 221,282.01 ton/year Total Land Cost 2,000,000 THB/year
Cold Energy 10,346.94 MW in a year Installed Equipment Cost (THB)
Methanol 103,473.30 ton/year Flare 3,828,428
Demin Water 147,410.46 ton/year CO, Capture 88,982,133
Oxygen 155,209.95 ton/year Organic Rankine Cycle 148,481,626

Operating Cost Summary (THB/year) Cooling Data Center 41,605,540
LNG - Water Electrolysis 719,692,049
Sea Water - Methanol Synthesis and 1,235,642,881
Demin Water 1,632,044 Purification
Total Raw Material Cost 1,632,044 Total Installed 2,238,232,657
Electricity 1,312,992,662 Equipment Cost
Water 9,121,288 The Sum of Fixed Capital 13,423,607,357
Cold Energy Utilization 8,760,000 Investment Minus The
Total Utility 1,330,873,951 Cost of Land
Total Operating Labor 568,500 The Sum of Working Capital 2,416,249,324
The Cost of Manufacturing 7,751,006,405 Total Capital Investment 15,839,872,391

The Cost of Manufacturing Revenue 12,967,274,259 THB/year
7,679,382,960

without Depreciation Gross Profit with 11,549,149,809  THB/year

Net Present Value 31,512,617,861 THB | Depreciation

Annual Value 3,471,684,359 THB | Discounted q years

Internal Rate of Return

32.9

%

Payback Period
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nsad Scenario 3

Production

Investment Cost Summary

Carbon Dioxide

Overall Electricity Production 12,474.20

2,061.92 ton/year

MW in a year

Land Cost

Area 20.00 Rai

Steam 110,641.93 ton/year Total Land Cost 2,000,000 THB/year

Cold Energy 20,569.23 MW in a year Installed Equipment Cost (THB)

Methanol 50,985.57 ton/year Flare 6596916.58

Demin Water 73,281.63 ton/year CO, Capture 57,845,366

Oxygen 76,478.35 ton/year Organic Rankine Cycle 207,128,927
Operating Cost Summary (THB/year) Cooling Data Center 42,261,108

LNG - Water Electrolysis 408,546,866

Sea Water - Methanol Synthesis and 650,642,954

Demin Water 765,391 Purification

Total Raw Material Cost 765,391 Total Installed 1,373,022,137

Electricity 937,484,848 Equipment Cost

Water 11,646,458 The Sum of Fixed Capital 8,228,156,701

Cold Energy Utilization 8,760,000 Investment Minus The

Total Utility 957,891,307 Cost of Land

Total Operating Labor 568,500 The Sum of Working Capital 1,481,068,206

The Cost of Manufacturing

4,237,138,541

Total Capital Investment

9,709,240,616

The Cost of Manufacturing

4,193,201,833

Revenue

6,551,769,782 THB/year

without Depreciation Gross Profit with 5,532,509,160  THB/year
Net Present Value 11,305,964,510 THB | Depreciation
Annual Value 1,245,556,314 THB | Discounted Payback 6 years

Internal Rate of Return

23.7

%

Period
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NS84 Scenario 4

Investment Cost Summary

Land Cost

Area 20.00 Rai

Total Land Cost 2,000,000 THB/year

Installed Equipment Cost (THB)

Production
Carbon Dioxide - ton/year
Overall Electricity Production 18,540.62 MW in a year
Steam - ton/year
Cold Energy 31,048.19 MW in a year
Methanol - ton/year
Demin Water - ton/year
Oxygen - ton/year
Operating Cost Summary (THB/year)
LNG -
Sea Water -

Demin Water

Total Raw Material Cost

Flare 9,219,699
CO, Capture -
Organic Rankine Cycle 265,073,216
Cooling Data Center 42,823,560
Water Electrolysis -
Methanol Synthesis and -
Purification

Total Installed 317,116,475

Electricity 559,683,705 Equipment Cost

Water 14,455,838 The Sum of Fixed Capital 1,888,758,663
Cold Energy Utilization 8,760,000 Investment Minus The

Total Utility 582,899,543 Cost of Land

Total Operating Labor 568,500 The Sum of Working Capital 339,976,559
The Cost of Manufacturing 621,336,298 Total Capital Investment 2,228,750,932
The Cost of Manufacturing Revenue 173,560,831 THB/year
without Depreciation 610,333,846 Gross Profit with - THB/year
Net Present Value -6,279,291,826 THB | Depreciation

Annual Value -691,777,475 THB | Discounted Payback - years

Internal Rate of Return

%

Period
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nsad Scenario 5

Investment Cost Summary

Land Cost

Area 20.00 Rai

Total Land Cost 2,000,000 THB/year

Installed Equipment Cost (THB)

Production
Carbon Dioxide - ton/year
Overall Electricity Production 37,081.24 MW in a year
Steam - ton/year
Cold Energy 17,304.89 MW in a year
Methanol - ton/year
Demin Water - ton/year
Oxygen - ton/year
Operating Cost Summary (THB/year)
LNG -
Sea Water -

Demin Water

Total Raw Material Cost

Flare 9,211,729
CO, Capture -
Organic Rankine Cycle 404,136,104
Cooling Data Center -
Water Electrolysis -
Methanol Synthesis and -
Purification

Total Installed 413,347,833

Electricity 556,507,200 Equipment Cost

Water 28,911,673 The Sum of Fixed Capital 2,466,158,865
Cold Energy Utilization 8,760,000 Investment Minus The

Total Utility 594,178,873 Cost of Land

Total Operating Labor 568,500 The Sum of Working Capital 443,908,596
The Cost of Manufacturing 643,008,326 Total Capital Investment 2,910,083,170
The Cost of Manufacturing Revenue 190,351,476 THB/year
without Depreciation 629,181,195 Gross Profit with - THB/year
Net Present Value -7,029,709,354 THB | Depreciation

Annual Value -774,449,528 THB | Discounted Payback - years

Internal Rate of Return

%

Period
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nsad Scenario 6

Production Investment Cost Summary

Carbon Dioxide 2,062.05 ton/year Land Cost
Overall Electricity Production 6,180.20 MW in a year | Area 20.00 Rai
Steam 55,322.81 ton/year Total Land Cost 2,000,000 THB/year
Cold Energy 32,669.25 MW in a year Installed Equipment Cost (THB)
Methanol 24,744.65 ton/year Flare 8,500,000
Demin Water 36,221.47 ton/year CO, Capture 42,271,772
Oxygen 37,116.97 ton/year Organic Rankine Cycle 148,481,623

Operating Cost Summary (THB/year) Cooling Data Center 43,333 165
LNG - Water Electrolysis 250,628,620
Sea Water - Methanol Synthesis and 399,142,898
Demin Water 332,107 Purification
Total Raw Material Cost 332,107 Total Installed 892,358,078
Electricity 749,457,799 Equipment Cost
Water 5,922,727 The Sum of Fixed Capital 5,004,460,563
Cold Energy Utilization 8,760,000 Investment Minus The
Total Utility 764,140,526 Cost of Land
Total Operating Labor 568,500 The Sum of Working Capital 900,802,901
The Cost of Manufacturing 2,423,712,668 Total Capital Investment 5,905,279,173

The Cost of Manufacturing

2,395,157,210

Revenue 3,660,536,094 THB/year

without Depreciation Gross Profit with 2,853,866,000  THB/year
Net Present Value 5,325,504,428 THB | Depreciation
Annual Value 586,700,556 THB | Discounted Payback 7 years

Internal Rate of Return

20.8 %

Period
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NS0 Scenario 7

Production Investment Cost Summary

Carbon Dioxide 2,004.77 ton/year Land Cost
Overall Electricity Production 24720.80 MW in ayear | Area 20.00 Rai
Steam 55,322.81 ton/year Total Land Cost 2,000,000 THB/year
Cold Energy 18,686.15 MW in a year Installed Equipment Cost (THB)
Methanol 24,786.30 ton/year Flare 7,964,279
Demin Water 36,244.91  ton/year CO, Capture 41,270,777
Oxygen 37,179.46 ton/year Organic Rankine Cycle 314,428,403

Operating Cost Summary (THB/year) Cooling Data Center 41,605,540
LNG - Water Electrolysis 229,431,728
Sea Water - Methanol Synthesis and 365,387,895
Demin Water 334,919 Purification
Total Raw Material Cost 334,919 Total Installed 1,000,088,622
Electricity 749,025,224 Equipment Cost
Water 19,855,545 The Sum of Fixed Capital 5,988,489,744
Cold Energy Utilization 8,760,000 Investment Minus The
Total Utility 777,640,770 Cost of Land
Total Operating Labor 568,500 The Sum of Working Capital 1,077,928,154
The Cost of Manufacturing 2,452,733,975 Total Capital Investment 7,066,433,607
The Cost of Manufacturing Revenue 3,352,763,730 THB/year
without Depreciation 2,420,731,139 Gross Profit with 2,520,932,246  THB/year
Net Present Value 1,110,291,724 THB | Depreciation
Annual Value 122,318,699 THB | Discounted Payback 17 years

Internal Rate of Return

12.6 %

Period
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nsad Scenario 8

Production Investment Cost Summary

Carbon Dioxide - ton/year Land Cost
Overall Electricity Production - MWinayear | Area 20.00 Rai
Steam - ton/year Total Land Cost 2,000,000 THB/year
Cold Energy 44,.814.07 MW in a year Installed Equipment Cost (THB)
Methanol - ton/year Flare 9,227,670
Demin Water - ton/year CO, Capture -
Oxygen - ton/year Organic Rankine Cycle -

Operating Cost Summary (THB/year) Cooling Data Center 44,253,066
LNG - Water Electrolysis -
Sea Water - Methanol Synthesis and -
Demin Water - Purification
Total Raw Material Cost - Total Installed 53,480,736
Electricity 562,781,150 Equipment Cost
Water - The Sum of Fixed Capital 306,932,176
Cold Energy Utilization 8,760,000 Investment Minus The
Total Utility 571,541,150 Cost of Land
Total Operating Labor 568,500 The Sum of Working Capital 55,247,792
The Cost of Manufacturing 587,512,143 Total Capital Investment 362,181,764
The Cost of Manufacturing Revenue 156,849,237 THB/year
without Depreciation 289,800,760 Gross Profit with - THB/year
Net Present Value -4,269,030,176  THB | Depreciation
Annual Value -470,310,825 THB | Discounted Payback - years

Internal Rate of Return

%

Period
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nsad Scenario 9

Production Investment Cost Summary

Carbon Dioxide 2,081.86 ton/year Land Cost
Overall Electricity Production - MWinayear | Area 20.00 Rai
Steam 331,933.16 ton/year Total Land Cost 2,000,000 THB/year
Cold Energy - MW in a year Installed Equipment Cost (THB)
Methanol 155,950.10 ton/year Flare -
Demin Water 221,536.11 ton/year CO, Capture 120,120,987
Oxygen 233925.15 ton/year Organic Rankine Cycle -

Operating Cost Summary (THB/year) Cooling Data Center -
LNG - Water Electrolysis 999,247,148
Sea Water - Methanol Synthesis and 2,000,798,353
Demin Water 2,497,781 Purification
Total Raw Material Cost 2,497,781 Total Installed 3,120,166,488
Electricity 1,688,662,832 Equipment Cost
Water 6,652,060 The Sum of Fixed Capital 18,720,984,829
Cold Energy Utilization 8,760,000 Investment Minus The
Total Utility 1,704,074,892 Cost of Land
Total Operating Labor 568,500 The Sum of Working Capital 3,369,777,269
The Cost of Manufacturing 11,201,491,556 Total Capital Investment 22,090,762,098

The Cost of Manufacturing

11,101,646,228

Revenue 19,382,831,927 THB/year

without Depreciation Gross Profit with 17,566,931,359  THB/year
Net Present Value 52,174,150,730 THB | Depreciation

Annual Value 5,747,925,604 THB | Discounted Payback q years
Internal Rate of Return 37.0 % Period
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A58l Scenario 10

Production Investment Cost Summary

Carbon Dioxide 2,004.75 ton/year Land Cost
Overall Electricity Production 18,540.62 MW in ayear | Area 20.00 Rai
Steam 165,966.58 ton/year Total Land Cost 2,000,000 THB/year
Cold Energy 8,652.45 MW in a year Installed Equipment Cost (THB)
Methanol 77,274.09  ton/year Flare 5,290,749
Demin Water 110,373.76  ton/year CO, Capture 73,415,5834
Oxygen 115,911.13 ton/year Organic Rankine Cycle 265,073,222

Operating Cost Summary (THB/year) Cooling Data Center -
LNG - Water Electrolysis 569,785,533
Sea Water - Methanol Synthesis and 907,427,838
Demin Water 1,201,576 Purification
Total Raw Material Cost 1,201,576 Total Installed 1,820,992,926
Electricity 1,123,157,311 Equipment Cost
Water 17,781,868 The Sum of Fixed Capital 10,917,952,830
Cold Energy Utilization 8,760,000 Investment Minus The
Total Utility 1,149,699,179.24 Cost of Land
Total Operating Labor 568,500 The Sum of Working Capital 1,965,231,509
The Cost of Manufacturing 6,015,418,736 Total Capital Investment 12,883,198,252
The Cost of Manufacturing Revenue 9,769,342,766  THB/year
without Depreciation >997,146,963 Gross Profit with 8,542,572,466  THB/year
Net Present Value 21,197,685,574 THB | Depreciation
Annual Value 2,335,308,155 THB | Discounted Payback 5 years

Internal Rate of Return

29.1

%

Period
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Tdue
- ASAULNAINEEY WiW ANsuaUlneanlunwarasiainitg Fnuly

Ykaglny

- yAnafianaliennisuilaneniannuly o1anuiu
VRS or Mg niay mndulanialivia
- yapandanuunnsedlunsiuveslen 819

IgSuanudemeiuiumngnnuruvseniy

- pranelmiaNaLdysTaze?
sodainaey Llluilau

STUUL

Iridium black ¥

- g1shalil sedsmufeu NuRanfeu Ysenmel wWadlvl wazn1sgndn
Tdue
- gsiumAsingay Wy asueulaeenled wazansiadui viuld

v

11

- MAAANNTSEABLABIRDRINY SLAELABIAE

AR wagsEAELARIaILAuMIYla

- LiflumsnnsannisAnuLds
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a ¢ 2 o ' g v a o e¢al a = )
f\]’]ﬂﬂ’]'ﬁ?Lﬂ'ﬁ?%ﬂﬂ?’]ﬁJL‘Uu@u{;ﬁ’]EJG]E]QGUQWWSUEN?W'ﬁLﬂ@JmGULLagNa@ﬂm%mlmuﬂig'lf)uwﬁwa@ i?NﬂQLLu’JVH\?sLUﬂ’ﬁﬂENﬂu

anansoagy lafsmsen 14.3

¥
=1

M15°991 14.3 Ammvesasiadiiidudunsislunssuaunmsndnwaziuimiamstesiulunsdliugiu (Base-Case)

Stream No. silnansadiidudunse mmu‘%qmé wuIeN1sUeenuy
(%Mol)
1-3 LNG 100 Jostuliliasiniinn1ssalua lag
7-9,12-13 CO, 9.99960 ﬁm‘nuwsiqﬁ'ﬂmﬁm%mﬁaddﬁﬁm
SO, 0.00134 wiethluldeursuaziiulvingain
NO, 0.00266 LREIA2IUT DU HN15TLUIY BINTA
14, 16 o, 39 8573 Wiganauavalugunsal Yaaiudau
H,0 60.1426 qﬂﬂmﬁaasﬂﬂé’ﬁa funanuansiadl
18, 20, 21 CO, 99.96
15 CO, 1.3993
SO, 1.72049 x 107
NO, 3.42193 x 107
4-6 NG 100
54-55, 58-60, 61-62 R290 100

14.2 MMUSHUNINITFIUAMANEWING DY

14.2.1 JefvunkarinnsgIunIsmuaneInAdsvessenalne

3INNIAIVANNINTFINVBIDINAbUNTEUIUNSHERTINSUSUlEdarivunnsauay nsgiueInadeveslssinalneg

IINNTLNTYAANNTIN NTENTWINEIANENS nalulad wavdwnasy lngldinaeidmsulssuanannssunilud wandly

Appendix. G.

A1319% 14.4 NM5Ua08YRIINAEEIALNINTINTBINTEUIUNTHANLUNTENUIY (Base-Case)

Stream No. 578073 U SULUUNNTIANTT
(Mol Fraction)
15 wiaansueulaeanles (CO,) 0.0140 Udeegenia
whalulasiay (N,) 0.8921
whadawaslneanles (SO,) 1.72 x 10°
whalulasiaulaeanlen (NO,) 3.42 x 10°
ungeandLau (O,) 0.0938

PMNAS199 14.4 U9IN159ANITINAEIIINATEUIUATINER 1UT1 NM15UABEBINALEENNIINNTEUIUNITANIUAISUBY

(Stream 15) fpsAUsznoundn Ao utalulasiau lngesrusenovdu 9 Wuluaudeiiuaniy Appendix. G. 3sa1u15aUans

sange1nel (Fwnden) lalnenss
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14.2.2 MTUATILINTAUANIIATTINEMINGEN JULUUNTIANTT warUdnveadslunssuiunisndn
masudunsiinedeivansedisiludesedluwuimaiivaendesedrulaesined19dsdu dwsulsswmalnedaqiud

'
v a

1n15U3M3IANINUUNUENSAIERSN1TIRNTANSIATWAYR aUull 4 (w.a. 2555 - 2564) lnegdidssasanielud w.e. 2564
HnunarAunndoutaonsuuiiugiuresnsdansaandfiiussansam TIUIWAINYNNAEIU LazanATINUNITHIUI
Uszina dsaonsuiuitmunevesgnsmanssenineUszmaindienisdnnisaisiadl (Strategic Approach to Intemnational
Chenicals Management, SAICM)®® ety annnszurumsldussleninnmdnumudusazmninansasiilaluldusslom
aansnasumsUdesuaznsiansveadeannlssanildfamsned 14.5

M1319 14.5 sUnuunsmdanazUdaveudslunszuiunninvesnsilvugiu

NITUIUNT 38N13 YSunaweude | e sULuUNsInNskazUIdnveady
NSTUINTININIUIAUATBUNTE R290 (Propane) 556.53 kg | Aasouinmsminvesildsuluoygnile
(Organic Rankine Cycle — ORC) man ©0
NITUIUNTIIRALEULA Data 70.90 ke
center (Cooling Data Center)
AszUIUNISIiALLEULA Data Ymdelfu 1,189.60 ke | Ansiousn1sUUA WU N15nses (Filtration,
Center (Cooling Data Center) (Cooling Water) Ultrafiltration) Lﬁ'amﬁ’mummwauaaa

B MEnou AU wardunseingui1avile

wagnsuaniUaeulesau

(lon Exchange)"%”

nszurUnNsBdninsladavedti Wananiasulusnau AaRausSNIAInveLbasuluauImLie

L7

v W

(Electrolysis of Water) (Membrane) mandan lnvazaransenauianyidanavi

q q

avanendanbnlawazinnbvalummaing

v '
o

nsAnsaAsaIan (Scrubber)®®

nszvumsBianinsladaveni Taunanfit (P) Aasouinisidavezdildsulueygniite
(Electrolysis of Water) mam oY

nazvILuNBiEninslatavoni drgfilen sanled Aasouinisidavezildsulueygniite
(Electrolysis of Water) (RuO,) Mdndan Imazaw%%awaufﬁﬂﬁﬁﬁaﬁﬂ

avarenanlwlawazinnbvalummadng

AsAnRaAIaeen (Scrubber)?

] v vo

nszuIumsaaninsladavesni Asaufisen 0.00179 ke | Ansiau3nisrindnvesiilasulusyginiie

EE

(Electrolysis of Water) (Catalyst) e
Platinum Black High
Surfacehasrea (HSA)

nszuIuNsBaninsladavesi AsaUfisen Andou3nisidnvesiilasuluoyginiiie
(Electrolysis of Water) (Catalyst) findm 109

Iridium Black
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ASEUIUNTHBATIEUNIUDA ALsaUfizeN 1,459.41 kg aﬂm'a‘u'%miﬁﬁm%sﬁlﬁ%’duwmmLﬁa
(Methanol Synthesis) (Catalyst) dndan Liprsieveadeiilidunmstda
ALO;, TUfmesvuieh asiansanmswnnieils
nauwiiu®
NSTUIUNTHUATIETUNIUDA PIENIRDEER Aasousnsidnvezdilasulueygyniile
(Methanol Synthesis) (Catalyst) Manian Liipnsfivveadefilirunsiidn
Cu/ZnO TUfmaszuneihio

[

o wa o ° a a A o A 9 Y v Y o o W
MunsEIITgRIngdunsie w.a.2535 nseugIndinInanamnssy (Ffpavseanilaldudq) desdl nsmdaves
devaalssuenainnssy Aedin1smdalignds Inedidnauedegudvidnmidnvendsdunselulsemalneiilasuounyn

108 p3NTENTI@AEINNTT

1. MsmInnuuAauenvends Hanaunss USuiatiosninuazileinavegaUaends Ingusen uimsuasimuiioaysnyg
AaIna0N 3100 ©@1ww) USEN JWsatuwua Las walulad (1999) 3190 (UuM1wY) ey USEN WaWas LIan nsu 9110
@) Tagnisinernmniiduduasiglivinisusuatesnmiiieananuduiiy sredsusuanineudunsasisvesnin

a ya 1 & & = o ' o A Y 9 v e a oA P
voudelitianTunans antusiluilanavlunauilanavegrswaendenlesiuldliiuaenmnveadeneglurauaiunsadueen

ludneuenlavgulie

v
a [ a ]

2. Mmsmdawuuiatevendesunselagldonmgiiadunianyudiuud Fdaduingiunauuuaziamamauny

Y Y 9

a v aal

lng USEm Yudwudlnegeamvnssy 3100 u3em Aifle Tndu 9 i) uag uSEM Yudiuud uasvas 31dn (mvw) lag
vvendeuldussleviifundwnusazingAunaunulunszuiunisndnyudiuudlagmwtlundomn@uus (Cement Kiln) 7
gaunilaandt 1,400 °C anunsamdalaveninlalaglifansandndlundnioe waslifivafiveangdwindon delsanudanan
& T, -:4'\1 Yo Y ¢ I Y = a v [107,109]
Julssnunlauasdyanualiinsgulsaudnnisningaamnssumsegvas 8neng

3. Mm3tUaidaveadesungainlsaugaamnssunnlszinn lngaudidnningnainssuanunime o
14.3 msusziiuanuvasnisuazn1izlunszuiunsuan
14.3.1 Mmyinseianeildlunssuiunmndauazeuininiswily

= a Y s P a &
M13199 14.6 gaumngiliaraudugegauazmanilslunseuiunsuanvensiiiugy

316019 A/3¥AU sefunLdest Wi
AUGU (kPa) 10,547 11N Stream 2
100 Junang Stream 7

gaumni (°0) 3,000 11N Stream gniAu
-154.4 g Stream 1

RGENORS
1. sy sEuANLLEDT Teundn 100 kPa = ey, 100 kPa — 10,000 kPa = Ununans wazannnin 10,000 kPa = 110

2. gl seauALEYs doendn 40 °C = Wee, 40 °C - 260 °C = Uunane wagannndl 260 °C = 11N
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a

PMMFIRTERaeildlunssuiunsudaionmniivasanudugaaauwazangn mnaudugaiuluaunsaudlulame
nsldveniianunuiiienusionuduiiiuiy lneneaziealunisidenianvelvivuizauiu nguansluiate Material
Selection Fuvieildanidainsanuanuiuuazaumniilacs 6112 gaygised 14.7

M990 14.7 ANURUgeEaRasdvesRumginuanuewieiaunsanule

Material Pressure (kPa) Temperature (°C)
304 Stainless Steel 205,000 -254 - 816
Aluminum 124,106 -200 - 205
Graphite 15,000 20 - 3,000

14.3.2 nsusziluanudsdlunszuiummndntaziuinielunnIuAunsHEn

v
a0 U ¥

Hazard and Operability Studied (HAZOP) Jumafianisfine a1z waznumuiie %maumwuazﬂumﬂmmﬁ
o1t urnmssiuenulsan lnensuanuasdunsiedig 1 Aduasfiueuulegdsenuinduainnszuauniudn 353
UftRnu desinsude gunsaiflelunisnde lunsinseildnmasemouiiansfaniunisavssnmandalun1nesns 1 lnens
14 HAZOP Guide Words sauandlussait 14.8 indszneuiuiademsndnildesnuuuly vdemnuunnsesnazaufinnilu
sy 1wy Snsnisiva gaungdl wazamudu Wudy e dussunseviedumiam lunssuiunsuanisonaviliae

[
va v v I3

gURmanIegURduseusstuld Inen153inszi HAZOP Wulaiu seidouvesnsulsanuanaivngsy (Usn1ansensa
gaamNIsHatun 3 w.a. 2542) uarseilounsy 1519UEAaMNTIH 11A38VannMIIn1sTUIuRIIY N1sUssduauds ey
NMIIAVIUHUIUUTING FANITANLEES .. 2543117

A13197 14.8 519a8188AYBY HAZOP Guide Words m1uuszniansensana nnssuadul 3 w.a. 2543

Guide Words

AMUUNNTDIMIDANURAUNRALUNTTYIN9U (Operating Deviation)

13l (None)

- laifinslua (No Flow)

- Inadioundu (Reverse Flow)

110A731 (More)

- W15 ALY (Increased Flow)
- AMUAULALTY (Increased Pressure)

- 9UUNILINTY (Increased Temperature)

q U

1peni (Less)

o

- 9m51n15buaanas (Reduced Flow)
- AUFuanad (Reduced Pressure)

- 9unNNanas (Reduced Temperature)

9 Y

Uadpdu 9 Medes

(Part of, as well as other)

- glssudiuansnaanmsufoiegrsUnd (Different Plant Conditions from
Normal Operation)

- MRuA3esdng (Startup)

- M3vigaLARDsdng (Shut Down)

- MsUderarsall AuRY 184 (Relief)

- msldie3esile (Instrumentation)

- A5LAUFIBENS (Sampling)
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- muunwsewessyuuth szuuli Wudu (Utility Failure)
- MInansau (Corrosion)

- M39auUnge (Maintenance)

- N31iALYIE (Erosion)

- lylfnadia (Grounding / Static)

= a ¢ o a - A o a a Yy  aa -:1
Naﬂqiﬂﬂ‘l‘:ﬂ?LﬂiqﬁﬂLLag'VI‘UVl'JUfniﬂqLuuﬂqiﬂu‘[iﬂQWULWEIﬂﬂi‘U‘U\'iauﬂiqULLagﬂqiﬂigLﬁJuﬁqqﬂJ LHY9MYIS HAZOP vad9nsad

¥

NUFIUY
a9

FLUEGAS

X-109

C-101

fffffff T-101

_______ ° TT TO H-403
oo [ | |
©

.......

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

X-105 TO E-201

|
|
|
i
@ & 1T 10 E-201

JUN 14.1 P&ID v@3nszuIuMsAnIuAITUBU (Carbon capture) 1i6991nN153lATIY HAZOP

Nt - Area 100 (Carbon Capture Unit)

\W3esdns/mitguuRn1suan : T-101, C-101, E-103 Uadunswan : gaungil AU

dn1un15aldnaeeiiena FUNTIEVITOHATIAATUA LN wmsnistesiuazaiunudunTe

nelingURsefeuse

gaumgivesfidladuvidn | aunnuazUsunuvesnsveulaeenlediianunse | Ans Temperature Transmitter USLIuMBUEN LiTD
veuenilgamgiigandi | anduld lildnuiidenis warenavinlidiansain | anaiauazmuaugumgilaenisusudasinisinaves
fnug wialawd@evudrlulunszuiunisdunsied | uwialede

INNUDAYIFINANTENUADNTEUIUNNT

o

anusuvefalads | iianisazauanudumniiululuveusnuazdan | - fine Pressure Transmitter USLIngaAVBLBAIUAY
meluveueniianudu | ldaansanusenisazauvesrnuduldauions | anudulaenisusudnsinisivavesuiansen

UINAINTNANUA sz1n - NGl Safety Valve szunANAUaIUAUDDAUIIIN

ganvaliotesiun135eLinannsvenefIve s
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ansnstuavaswialewde
YUTMBULNEINTIN

ANVUR

Usuraansaelunenenuiniuld 1avinlvans
AupanUNNUBLENLe kay UsTANSAINNISANIY
arsuaulaeanlanvasnialaideanadiiiasain

USunausdavunnsiuly

17
Y

Anee Flow Transmitter US89 laLdanay
Wrewenlaen1snTainnagyinnsauANgnIINIg

raveadalade

ANUAUVDILIALDLEE
AeluvianasnisiinaIy
M AAUAULINNINN

ANNUA

Wansazanauauuinifiululuviewas danld
aunsanusenisazanvesnuauldauiang

s2LUA

AARY Pressure Transmitter USLIaNViLNOAIUANAIY
aulaen1susunIadlninveans s A LA U LA

(Compressor)

9N Yo INanLnTn

FNIULA MHIRNENULATDY

\nnsdsuanusvesansiuaaduaaiuzuia

Ao Aasuaulnpanlen vinlidmaneauAUNNIN

(Y

A6 9 Temperature Transmitter USLId%a 490NN

Ww3BakaniUdguniusou iiveauANg M NLAN1S

waniasunuseus] WiulUTudadunangiue USudnsnisivavesansiigniulaléweusn
sumpiifiguiuly

gaunniveufidlode 13;’1ﬁ'ﬁ1mLLaﬂLU?fwmm%’auﬁqmﬁqﬁﬁﬁmh fiass Temperature Transmitter U3 1209d9090370
vdansuATed Fortmun vilnszuiunsihitlethldusslond | w3 ewandeuauou isnunugamgiilasnis

wandsunuseus] Waanudemeala Susasnisivavesivdaieuaniuasunnutou

gaunniingaiuly

9 Y




%105 TO E-201 €

B0

82

E-201

TTTOE-201

@,,,,,,,,,,,,,,,,,,,,,,,, FC TO X-602

1 |
& ~ X-203 TO E-301

° TT TO E-301

Ul 14.2 PRID w8anszUun3iinsuseAuansdun3s (Organic Rankine Cycle — ORC)

PAIINATIATIEN HAZOP

Nt - Area 200 (Organic Rankine Cycle Unit)

Lﬂ%’laﬁﬂs/wmwﬁﬁamsmﬁm - P-201, E-202

Tadunswdn : gunil AR

A0NUNN50I3NaDIND1D

noliAngURdeieuss

DUNTIYVIBNATLAATUALLN

msnsteaiuiarAluAudunTY

nsluadaundues

Yauna g Uy

WVIANISANNTBUNS DNSYNURAUNAUDS

gunsnl

12
a o

fnFa Check Valve Nv1esnvastuiiatasnu

nslvadounduvesveavandigiy

9N HVBUAATITUYVIRMAINBONAN
wisdandguAuTou Tgaumgilsn

AU

anugvedlnunussnaduuiaursdiu v
TpsodiuAuAuYaIra (Pump) 9130

a v
demegle

AR 9 Temperature Transmitter UTLIUND
WiemuaNgumgiilaen1suudnsnisive
U89 LNG

QUNYHVBININUNAIIINNIUATO

d' 1% a ado a
LLaﬂLUaSUﬂqqmiaUNQmmamwmﬁlLﬂu‘lﬂ

launiihuuaniudsunnuoulinumgiin

U
v

ganindeivun lnszuauni st
Wuldlduselovdinaanudemels uay
qmmﬁmaaﬂmaqm%"amaﬂLﬂﬁauﬂqﬂu
Sou deudiwiudalianuzduvesvaiey

iiiAnANdeeunaUnsal

17
a o

AAAY Temperature Transmitter UTLINAS
2aNNNATOMANIUAEUAINTB LTBAIUAN
gaunillagn1susugnsnisinavestrvid

LA5B9LANUABUAIIUSBU

AMUAUVDIVDINAINDULIUNAINTT
ANUAULevRIBLIal YNl naia
mswldsuanuzidunia Wesutun
WALsInudvinlminnistusneeis

@ a @ &
JULTHATINLSY aduuTngnisel

AsAansale

gunsnluazsruLialinnIsideme iinides
s iinafiengnisldauiduas

AUTIOULVRINAIANAS

172
a o

AARY Pressure Transmitter USLI0UvI8 Lile
avinuazdunaliliminusingnisainisiia

nsdle




X-203 TO E-301

83

NG

gﬂﬁ 14.3 P&ID ¥8an38UIUNSIHANILEULA Data center (Cooling Data Center)

Nuft - Area 300 (Cooling Data Center)

\n3eadny/mieufiRniawdn : P-301, E-301, E-303

PAIINNITIATIEN HAZOP

J98N15HER

: 9N ALY

A0UNTAlINAINa

feliingUAse s

DUNTIYVSDNATLAATUANLN

W msn1stasiukaAIuANsunTY

AusuveweIaanoud AN As
Loveswosval Flivesvaninnsiudsy

annuzfunia donuduiifousesus oy
AnnsTusnegsgunsmazsinga hadu

Usingnisalnsiialngsle

gUNInlkaLIEULBLARNISEEMIY AR
WFeeaa ilinaengnisldanuigu

A9 ANTIOULTDIAIANAS

ANG'Q Pressure Transmitter USLIUYI® LIV
anvinuasdunaliliiausingnisalnisia

Tnsale

Ashradoaunduves

vouvand1guy

AANNSANNTBUNI BANSYNIURAUNR

va3gUnsal

2
a o

fnea Check Valve Nv1epnvastuiiiatasnu

mslvadounduveswaumnaidngi

QNN TiveAdsTILYIAVI0BNNLATEN
wanaguAnusounulnsmu

fgaumgigendnnimug

gaumngfintelues Data Center lul
Julumuiirvun viligunsalszune

anusauliiu Juinanudsmele

2
a (Y

fing 9 Temperature Transmitter USLIUYID

WansiviauazmIuAugungilaen1suTy

o

MIINTIMAVBILAATITUNAVUTINTLUIUANT

DAUNNNVDILAAFIIUYIRVIDDAIN

9 Y

AszurUNsAAUlUNINAUR

Tndanuruduliduan onvdmaly

n15dsean NG lUauiiang 9

fng 'y Temperature Transmitter USLIUYID

P

Wensvinlazdunnguni

DUNNNVDILNINUVIDBNAINAINLAT B

9 Y

waniasuanusauiutinvaay

fgaumaiigandtifimun

gaungin1elunes Data center lul
Julumuiidvue viligunsalszune

anusauliviu Juinanudsmele

T
a @

fne 'y Temperature Transmitter USLIUYID

tenTIvinuazdunngungil




LiQuID cO,

84

X412

METHANOL

4

T-401

|
&

X413

LT .
e

| I—

UM 14.4 P&ID Y8N35 UIUNSaLATIZYLaEYIUTEVEIINIUeS

(Synthesis and Purification of Methanol) #8$21nn15ATIER HAZOP

Nuft - Area 400 (Methanol Synthesis and Purification of Methanol)

\n3eadny/mireUfiRniawadn | T-401, T-402, T-403, C-401, C-402, C-403, C-404, E-401, E-402, E-403, E-404, R-401

Tadunsuan : gunil AUy

A01UNN50I3NaDIND19

noliAngURduieuss

o

DUNTNYVSBNATLAATUALLN

msnstesiuiazAlunudunTy

Anusuvaialadunegluvie
PHINITHNUAMUAY UAINUAY

1NNAINNAITUA

Annsazaunnusumniululusie
wagdan luaiunsanusenisazay

99AUAUlAAUANN1TTEL DR

17
a o

Ainea Pressure Transmitter USLIadviaLaAIUALAIINALLAY

msUsuAasivivesasaiiuAuauLAE (Compressor)

gaumgineluveaaiesufnsal
Tgaumgilasndtfimviua 31N

N13A8ANTEUTBIUHATEN

d' a ' %
wIsufnsallianunsanuanuiou
aglulaauianissyidn wagly
aunsaAIUANAER a1Vl

Anufazenle

- AnAY Temperature Transmitter USLILATBIUNTA! LilD
aTvinkarAIUANauNilnen sUTUSnIINTs AT IR

A

- findia TIAH Liedsdyayas mniigaumgingenniiuly

1] U
v

- finfs Safety Valve 53U18ANNAUEIULAUDDNUIIAEDAYD

Wwetssiunsseidnannisvensmve s

AnuRuUedLiangluelen

UANUAUNINAINTANURA

Annsazauauiuniululune
wenuazian luau1sanuaenis

avanvennUrulAauinn1ssEidn

- N4 Pressure Transmitter USLIUEDANBLNOAIUANAINL
fulman1sususnsinsivavesuiauionn
- fimfla Safety Valve szU18ANNsAUEIULAUNUSIIEDAND

B TUBINUNISTEUNIINNITVLIYFIVDILNE

dnsnsluavesnaniueivn
PaLeN

ganinfimvue

Wndunsienglunenen eaannd
USunauansneluneunniiuld 819

liarsarelunenenauls way

AnRa Flow Transmitter USLIUYNUIVDIENTNBUL BN
lnevin13nsIvinwasyinnismuansnsInisivaasiiive

eI
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AMATNYBINE A UI NS INITHEN

Lailamudaanis

sesruvasvalnegluneuin
Wulunseausanuf

USLIULONTD

21UNANTULNVBIVDUNAIUT LI
gon

nev AN lavesasiadl

fAndia Level Transmitter UShiauneenvesasmainiglune
WansIvinkarAIUANTERUTaLaIlaen1sUSudnIInIsiva

U1BBNVNUBDINATINNUBLYAN

gaumniinngluveusnginitg

ANNUA

NONAULLN LU AINITONUAIUS DY

melulsauianissedn

17
a o

fnfa Flow Transmitter US1iauv1d1v89latineutinaed
Wulagynmsenaiauazyiiniseuaudasinisivaleunidn

AoYALiU

ANusuYadlatusARYd

£

DU

TANuAULINANARAURA

Annisazauanuduuiniuluuae
Tanldanunsanudensavauues

ANUAULAUARNISIELTN

17
a o

Andia Pressure Transmitter ¥10envadlounuTIMAREH U
WiaruauANuaulaen1sUTudnsnsinavedleuivieen

USNUABYRSDU

AU UTUVDIUNIUDANINTT

AU

ANNINYDLUVURANAUTONER LA

lailamundeenis

12
a o

Ainks Concentration Transmitter USLI0U108NUBINENTUI
ganne i aAIuANANLTNTUlneN1sUSUSRIINIT A

goUNaUYRIAISHARA U DAYD (Reflux)

ssuvasuaINelunudsau
uluvsedusenui

USLIULan1e

21UNANTULNVRIVBUNAIUT LI
AogdsauliAnn1ss 1 lnaves

GRETGH
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15.Conclusions and Recommendations
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\JufiU Data Center wa¥ Linear mixture A® N5¥UIUANT A B 50 C nszuiunmsiansyuiunsnilalaglaiiinssuiunisdu 9 i

LY

wnAgades Ingldyarlagiuans (Net Present Value, NPV) ilunanisvaaeu Nsziuanudodiu 0.95 Jaudaninansieszi

RY)

a A

gonulalugeadf Ae P-value Miduaruunazduiiagldnadnsvinduniaifuninfidunald aneldauyfgiundn (Null

Hypothesis)!'' gisil

Source Sum of Squares df | Mean Square F-value | p-value

Model 3.30E+21 6 5.50E+20 407.82 0.0002 | significant
Linear Mixture 3.29E+21 2 1.65E+21 1221.59 < 0.0001

AB 1.65E+18 1 1.65E+18 1.23 0.3491

AC 1.59E+18 1 1.59E+18 1.18 0.3565

BC 2.56E+17 1 2.56E+17 0.1895 0.6927

ABC 6.44E+16 1 6.44E+16 0.0478 0.841

Residual 4.04E+18 3 1.35E+18

Cor Total 330E+21 | 9

NANITILATIZNAIN Mixture Design UOIAILUTAN 9

Std. Dev. 1.16E+09 R2 0.9988
Mean 1.27E+10 Adjusted R? 0.9963
CV. % 9.11 Predicted R? 0.9583

Adeq Precision 61.302

HANTTIATIEIAIN Mixture Design M1 NPV 1unisuananadns

R1 =
5.22E+10 A
-1.35E+09 B
-3.68E+09 C
-6.25E+09 A*B
-6.14E+09 A*C
-2.46E+09 B*C
-8.14E+09 A*B*C

= o a £ Y ' . . i 1
NANTIATIEALAAIDIdNUEANDURIRILUTHN ¢ 211 Mixture Design Ndswans NPV
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na Contour U89 Mixture Design MUAILUTAN 9)
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Appendix.
A. WUUINABINIZUIUNS (Simulation Models)
mmsmumﬂummanLLUU”LUﬂ%ﬁI‘ﬁUﬁme Aspen HYSYS Version 11.0 \udumilsves Aspen Engineering Suite
11 97nUT¥N AspenTech
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M13197 A.1 HaANSYBINITATIVADUANYNADIVBINTEUIUNTT Regasification

ToYaNONA1TEE UHGRRGIRRIERGLY %Error
LNG NG LNG NG LNG NG
qm‘wqﬁ [°C] -161 0 -161 5.01 0.00% 1.84%
AUG [kPal 130 7,000 130 7,000 0.00% 0.00%
ATEUAYDINIRTI [ke/h] 630,000 630,000 630,000 | 628,329.085 0.00% 0.27%
Mol Fraction Mol Fraction
methane 0.9648 0.9648 0.9648 0.9652
ethane 0.0196 0.0196 0.0196 0.0196
propane 0.0036 0.0036 0.0036 0.0036
n-butane 0.0007 0.0007 0.0007 0.0007
i-butane 0.0009 0.0009 0.0009 0.0009
nitrogen 0.0104 0.0104 0.0104 0.0099
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PNNARNTYBINITATIVADUANIUAINYNADIVBIFIUUUTIRDY WUERT %Error Vel ANUAY LazNITLaNIaTIM

Av19ene e AguiuNISANWNEIULT F981U150 b LUUINaRILlUNNTI1aINTEUIUNT LA
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N3¥UIUNIIANIUAISUBY (Carbon Capture) 9 nufawmnlug s9uiudndnsusefu (Rankine Cycle)
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nszuaunsTiimssaeadunssuuresia 2 nssuiunslasifpdnsusaAusiuo 2 fpfnafsuiAsninnuideres
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s
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M15199 A.2 MSIUTEUEUTRLATDINTEUIUNTT

U03/ANLONA1T81984 ToyaNUUUTIADY

AMNsuann1ulu Heat Exchanger (kPa) 3 3
Pump, Compressor, Turbine Adiabatic

0.95 0.95
Efficiency
CO, Capture Subsystem
dnau CO, Tuuialoids Tneusuns 0.45 0.45
AMUAY C1 (kPa) 100 100
AUAY C2 (kPa) 150 150
gaumni C3 (°0) -18 -15.5
gaumnni C4 (°0) -110 -102
ORC Power Generation Subsystem
gaunnil RC13 (°0) -160 -160
AUAY RC13 (kPa) 185 185
AINURAU RC14 (kPa) 400 400
AUsIU RC12 (kPa) 188 188
gaunnil RC23 (°C) -100 -105
AUFIU RC23 (kPa) 130 125
AUGIU RC24 (kPa) 900 945.2
AUGIU RC22 (kPa) 133 133
LNG Regasification Subsystem
gaumnd L1 (°0) -162 -162
AUeU L1 (kPa) 100 100
AUGU L2 (kPa) 600 600
gaunnil L3 (°C) -105 -105
AUGU L5 (kPa) 150 150
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M13199 A.3 HAANSYBINITATIVADUAIIUNABIVDINTLUIUNTT

NAANSINNLBNENTONDY | HAdNTIINN1TINa09 %Error
fdslifiaitleiand kw) 105 102.9 2.00
CO, fiannsasnaulé (ton/ton LNG) 0.83 0.87 4.82

N32UIUNI5IAMMLEULA Data Center (Cooling Data Center)

nszuaunsldmalulad IFV lnad Propane tuansiinansdinuduain LNG uevauszuvvesiivaeiiu lngly
nszuIUNIIESNwAUEuvesd e ufid1luds Data Center 5 °C TngarmsTwmesAvoudluduwuuuasiildlunis

19999 AAIIUANT1N A4 FudunisifieuRssiunudTeued Sermsuk hazane
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M99 A4 ﬂ']iL‘lJ'ﬁEJ‘UW]EJUSUE];JUaGUENﬂﬁgUUUﬂqi

U03ANLONA1T81984 ToyaNUUUTIADY
LNG1
ANs (kPa) 830 830
gl (°0) -160 -160
NG2
ANs (kPa) 7,000 7,000
grunqil (°0) 10 13
Working Fluid (Propane)
ANs (kPa) 400 400
gaunnd (°0) -6 -6
Cooling Water
ANe (kPa) 350 350
gaunnd (°0) 12 15
Condenser, Evaporator, Gas Heater
ANAUAAAIU Tube (kPa) 60 60
muAuanau Shell (kPa) 35 35
Min. Temperature Approach (°C) 2.5 2.0,25
Pump, Compressor, Turbine
Isentropic Efficiency (%) 75 75
A15197 A5 HATNEYBINTINTIAABUAIIUYNABIVDINTLUIUNT
HAGWSINLONANTONBY | HAANSIINA1TIa89 %Error
dnsnsluavas LNG (m*/h) 176.41 180 2.03
Sarnslvavesimaeidu (m¥/h) 1,503.32 1,500 0.22
aaumil NG1 (°C) -1.27 1.27 0
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nszuluNslunsalilugu (Base Case) wazlunsal 1-10 (Scenario 1-10)

Water
4301 2

D M
7 NGt
€301
Water i 4
et TE v
Bropane
Propane 2
Water
3
SPRDSHT-1
a5
o i
o, of
e
£
Q%1
— - Y -
Water

— =
Fortowaker
2

L]

o
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B. auaiiufivasgunsaliilduaznufidanuingdu

B.1 %umqﬂnmi (Sizing Equipment Spreadsheets)
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No. Equipment ID Equipment Name Number Length (m) | Width (m) | Diameter (m)
Required

1 E-101 Carbon Capture LNG 1°t Heat Exchanger 1 15.08 4

2 E-102 Carbon capture LNG 2" Heat Exchanger 1 15.08 a4

3 E-103 Carbon Capture Steam Generator 1 15.08 4

4 C-101 Carbon Capture Compressor 1 3 2

5 T-101 Carbon Capture CO, Separator 1 6
6 pP-201 ORC Pump 1 3 2

7 C-201 ORC Turbine 1 3 2

8 H-201 ORC Heater 1 15.08 4

9 E-201 ORC LNG Heat Exchanger 1 15.08 4

10 E-202 ORC Chilled Water Generator 1 15.08 4

11 £-301 Data Center Propane Condensed Heat Exchanger 1 15.08 a4

12 E-302 Data Center Propane Vaporized Heat Exchanger 1 15.08 4

13 E-303 Data Center Cold Utilization Heat Exchanger 1 15.08 4

14 £-304 Data Center Natural Gas Heat Exchanger 1 15.08 a4

15 P-301 Data Center Pump 1 3 2

16 H-301 Data Center Heater 1 15.08 4

17 C-401 Methanol Synthesis 15t Compressor 1 3 2

18 C-402 Methanol Synthesis 24 Compressor 1 3 2

19 C-403 Methanol Synthesis 3@ Compressor 1 3 2

20 C-404 Methanol Synthesis 4" Compressor 1 3 2

21 E-401 Methanol Synthesis 15t Heat Exchanger 1 15.08 4

22 E-402 Methanol Synthesis 2"® Heat Exchanger 1 15.08 4

23 E-403 Methanol Synthesis 3@ Heat Exchanger 1 15.08 4

24 E-404 Methanol Synthesis 4" Heat Exchanger 1 15.08 4

25 H-401 Methanol Synthesis Heater 1 15.08 4

26 H-402 Methanol Synthesis H,O Heater 1 15.08 4

27 H-403 Methanol Synthesis CO, and H,O Heater 1 15.08 4

28 H-404 Methanol Synthesis CO, Heater 1 15.08 4

29 R-401 Methanol Synthesis Reactor 1 7 3

30 T-401 Methanol Synthesis Flash Drum 1 6
31 T-402 Methanol Synthesis Separator 1 6
32 T-403 Methanol Synthesis CO, Separator 1 6
33 C-501 Electrolysis Compressor 1 3 2

34 EL-501 Electrolyser 1 15 8

35 T-503 Electrolysis Separator 1 6
36 H-701 Flare 1 10* 10*

37 TK-601 Water Tank 1 9
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No. Equipment ID Equipment Name Number Length (m) | Width (m) | Diameter (m)
Required

38 TK-602 Water Tank 1 9

39 TK-603 Water Tank 1 9

a0 TK-604 Water Tank 1 9

a1 TK-605 Carbon Dioxide Tank 1 4.572

a2 TK-606 Oxygen Tank 1 4.572

43 TK-607 Oxygen Tank 1 4.572

aq TK-608 Methanol Tank 1 4.572

a5 TK-609 Methanol Tank 1 4.572

*saufiufivessunsieanariiniswnlng (gnition Area) voswaw (Flare) Sousosudn
B.2 f79819n15AUIE
F0819 NMsEamwIsiLTAvmmuea (Methanol Storage)
Auual sregnatlunsiniuwnueaneds = 48 hr
ANUNUILUUYDLUNIUDEA = 792 kg/m3 7]
Tuusiaedussgumueaiu3innsin (Free Volume) laisiindh 20 % vesUinasiiavan
WURUAUENA1EA (D) WU 4.572 RS WAZANGAWINAY 5.49 st
NANNINTHARLUNIUDS = 2.278 m/h
ﬁ'ﬂﬁ?uﬂ‘%mm%wmuaaﬁé’aquﬁqﬁu’mmwhﬁ’u = 2278 m*%h x 48 h = 109.32 m®
A IAUYeIEU1n Volume Methanol = 7T (D) x H x N / 4 aztu N = 1.46 wie 2

S aufidofAuTINanue = TT(4.5722) /4 x 2 = 16.42 m?

F0819 NMsEnaIAiLTiuLideondiay (Oxygen Storage)
el sveznatlumsiniiuliaeandiauneds = 48 hr
ANUNUILUUYDIDDNTLAU = 1141 kg/m3 3
Tuusaefaussautaiuiinnsi (Free Volume) laisiindn 20 % vesUSunsiavan
s ugudnanee (D) Wiy 4.572 Wns wagaNugainiu 5.49 wastt?
PNMAINITNAALNADDNTLAU = 2.371 m*/h
545uﬂ%mwmmaauﬁ”aaaﬂ%muﬁﬁawssﬁ;ﬁy’mmmﬂﬁ’u = 2371 m*’/h x 48 h = 113.82 m?
AUIUYNTILIUYBITAAUIIN Volume Oxygen =TT (D?) x Hx N / 4 azafu N = 1.51 wie 2 &t

S aiuTidof uAUTIN LA = TEA.5722) /4 x 2 = 16.42 m?



C. N13AANIAUAZNENY (Material and Energy Balances)

¥
=1

C.1 Msgaulalunsainugiu

111

Equipment H-201 H-301 E-301

Type Flow Inlet Outlet Inlet Outlet Inlet Inlet Outlet Outlet
Stream Name 58 59 67 68 4 61 5 62
Mass Flows kg/h 103,500 103,500 119,000 119,000 100,000 20,230 100,000 20,230
Mole Flows kmol/h 2,346.52 2,346.52 6,603.62 6,603.62 6,225.77 458.71 6,225.77 458.71
Comp Mole Frac (Methane) 0.00 0.00 0.00 0.00 0.9984 0.00 0.9984 0.00
Comp Mole Frac (Ethane) 0.00 0.00 0.00 0.00 0.0001 0.00 0.0001 0.00
Comp Mole Frac (Propane) 0.00 0.00 0.00 0.00 0.0000 1.00 0.0000 1.00
Comp Mole Frac (CO,) 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000 0.00
Comp Mole Frac (Nitrogen) 0.00 0.00 0.00 0.00 0.0015 0.00 0.0015 0.00
Comp Mole Frac (n-Pentane) 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000 0.00
Comp Mole Frac (i-Pentane) 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000 0.00
Comp Mole Frac (i-Butane) 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000 0.00
Comp Mole Frac (n-Butane) 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000 0.00
Comp Mole Frac (Air) 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000 0.00
Comp Mole Frac (H,0) 0.00 0.00 1.00 1.00 0.0000 0.00 0.0000 0.00
Comp Mole Frac (Refrig-290) 1.00 1.00 0.00 0.00 0.0000 0.00 0.0000 0.00
Comp Mole Frac (SO,) 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000 0.00
Comp Mole Frac (NO,) 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000 0.00
Comp Mole Frac (Oxygen) 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000 0.00
Total mole Frac 1.00 1.00 1.00 1.00 1.0000 1.00 1.0000 1.00
Mole Flow (Methane) kmol/h 0.00 0.00 0.00 0.00 6,215.81 0.00 6,215.81 0.00
Mole Flow (Ethane) kmol/h 0.00 0.00 0.00 0.00 0.62 0.00 0.62 0.00
Mole Flow (Propane) kmol/h 0.00 0.00 0.00 0.00 0.00 458.71 0.00 458.71
Mole Flow (CO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Nitrogen) kmol/h 0.00 0.00 0.00 0.00 9.34 0.00 9.34 0.00
Mole Flow (n-Pentane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (i-Pentane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (i-Butane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (n-Butane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Air) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (H,0) kmol/h 0.00 0.00 6,603.62 6,603.62 0.00 0.00 0.00 0.00
Mole Flow (Refrig-290) kmol/h 2,346.52 2,346.52 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (SO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (NO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Oxygen) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Equipment E-303 P-201 E-302

Type Flow Inlet Outlet Inlet Outlet Inlet Inlet Outlet Outlet
Stream Name 63 66 54 55 62 69 61 63
Mass Flows kg/h 119,000 119,000 103,500 103,500 20,230 119,000 20,230 119,000
Mole Flows kmol/h 6,603.62 6,603.62 2,346.52 2,346.52 6,603.62 458.71 6,603.62 458.71
Comp Mole Frac (Methane) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (Ethane) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (Propane) 0.00 0.00 0.00 0.00 0.00 1.00 0.00 1.00
Comp Mole Frac (CO,) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (Nitrogen) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (n-Pentane) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (i-Pentane) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (i-Butane) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (n-Butane) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (Air) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (H,0) 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00
Comp Mole Frac (Refrig-290) 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00
Comp Mole Frac (SO,) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (NO,) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (Oxygen) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total mole Frac 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mole Flow (Methane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Ethane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Propane) kmol/h 0.00 0.00 0.00 0.00 0.00 458.71 0.00 458.71
Mole Flow (CO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Nitrogen) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (n-Pentane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (i-Pentane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (i-Butane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (n-Butane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Air) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (H,0) kmol/h 6,603.62 6,603.62 0.00 0.00 6,603.62 0.00 6,603.62 0.00
Mole Flow (Refrig-290) kmol/h 0.00 0.00 2,306.52 2,346.52 0.00 0.00 0.00 0.00
Mole Flow (SO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (NO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Oxygen) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Equipment E-304 E-101

Type Flow Inlet Inlet Outlet Outlet Inlet Inlet Outlet Outlet
Stream Name 5 68 [ 69 1 12 2 13
Mass Flows kg/h 100,000 119,000 100,000 119,000 100,000 19,810 100,000 19,810
Mole Flows kmol/h 6,225.77 6,603.62 6,225.77 6,603.62 6,225.77 693.54 6,225.77 693.54
Comp Mole Frac (Methane) 0.9984 0.00 0.9984 0.00 0.9984 0.0000 0.9984 0.0000
Comp Mole Frac (Ethane) 0.0001 0.00 0.0001 0.00 0.0001 0.0000 0.0001 0.0000
Comp Mole Frac (Propane) 0.0000 0.00 0.0000 0.00 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac (CO,) 0.0000 0.00 0.0000 0.00 0.0000 0.1000 0.0000 0.1000
Comp Mole Frac (Nitrogen) 0.0015 0.00 0.0015 0.00 0.0015 0.6927 0.0015 0.6927
Comp Mole Frac (n-Pentane) 0.0000 0.00 0.0000 0.00 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac (i-Pentane) 0.0000 0.00 0.0000 0.00 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac (i-Butane) 0.0000 0.00 0.0000 0.00 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac (n-Butane) 0.0000 0.00 0.0000 0.00 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac (Air) 0.0000 0.00 0.0000 0.00 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac (H,0) 0.0000 1.00 0.0000 1.00 0.0000 0.1345 0.0000 0.1345
Comp Mole Frac (Refrig-290) 0.0000 0.00 0.0000 0.00 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac (SO,) 0.0000 0.00 0.0000 0.00 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac (NO,) 0.0000 0.00 0.0000 0.00 0.0000 0.0000 0.0000 0.0000
Comp Mole Frac (Oxygen) 0.0000 0.00 0.0000 0.00 0.0000 0.0728 0.0000 0.0728
Total mole Frac 1.0000 1.00 1.0000 1.00 1.0000 1.0000 1.0000 1.0000
Mole Flow (Methane) kmol/h 6,215.81 0.00 6,215.81 0.00 6,215.81 0.0000 6,215.81 0.0000
Mole Flow (Ethane) kmol/h 0.62 0.00 0.62 0.00 0.62 0.0000 0.62 0.0000
Mole Flow (Propane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000
Mole Flow (CO,) kmol/h 0.00 0.00 0.00 0.00 0.00 69.3515 0.00 69.3515
Mole Flow (Nitrogen) kmol/h 9.34 0.00 9.34 0.00 9.34 480.40 9.34 480.40
Mole Flow (n-Pentane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000
Mole Flow (i-Pentane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000
Mole Flow (i-Butane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000
Mole Flow (n-Butane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000
Mole Flow (Air) kmol/h 0.00 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000
Mole Flow (H,0) kmol/h 0.00 6.603.62 0.00 6,603.62 0.00 93.28 0.00 93.28
Mole Flow (Refrig-290) kmol/h 0.00 0.00 0.00 0.00 0.00 0.0000 0.00 0.0000
Mole Flow (SO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.0093 0.00 0.0093
Mole Flow (NO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.0184 0.00 0.0184
Mole Flow (Oxygen) kmol/h 0.00 0.00 0.00 0.00 0.00 50.49 0.00 50.49
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Equipment E-102 E-103

Type Flow Inlet Inlet Outlet Outlet Inlet Inlet Outlet Outlet
Stream Name 2 9 3 12 8 10 9 11
Mass Flows ke/h 100,000 19,810 100,000 19,810 19,810 4,167.75 19,810 4,167.75
Mole Flows kmol/h 6,225.77 693.54 6,225.77 693.54 693.54 231.35 693.54 231.35
Comp Mole Frac (Methane) 0.9984 0.0000 0.9984 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (Ethane) 0.0001 0.0000 0.0001 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (Propane) 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (CO,) 0.0000 0.1000 0.0000 0.1000 0.1000 0.00 0.1000 0.00
Comp Mole Frac (Nitrogen) 0.0015 0.6927 0.0015 0.6927 0.6927 0.00 0.6927 0.00
Comp Mole Frac (n-Pentane) 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (i-Pentane) 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (i-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (Air) 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (H,0) 0.0000 0.1345 0.0000 0.1345 0.1345 1.00 0.1345 1.00
Comp Mole Frac (Refrig-290) 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (SO,) 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (NO,) 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 0.0000 0.00
Comp Mole Frac (Oxygen) 0.0000 0.0728 0.0000 0.0728 0.0728 0.00 0.0728 0.00
Total mole Frac 1.0000 1.0000 1.0000 1.0000 1.0000 1.00 1.0000 1.00
Mole Flow (Methane) kmol/h 6,215.81 0.0000 6,215.81 0.0000 0.0000 0.00 0.0000 0.00
Mole Flow (Ethane) kmol/h 0.62 0.0000 0.62 0.0000 0.0000 0.00 0.0000 0.00
Mole Flow (Propane) kmol/h 0.00 0.0000 0.00 0.0000 0.0000 0.00 0.0000 0.00
Mole Flow (CO,) kmol/h 0.00 69.35 0.00 69.35 69.35 0.00 69.35 0.00
Mole Flow (Nitrogen) kmol/h 9.34 480.40 9.34 480.40 480.40 0.00 480.40 0.00
Mole Flow (n-Pentane) kmol/h 0.00 0.0000 0.00 0.0000 0.0000 0.00 0.0000 0.00
Mole Flow (i-Pentane) kmol/h 0.00 0.0000 0.00 0.0000 0.0000 0.00 0.0000 0.00
Mole Flow (i-Butane) kmol/h 0.00 0.0000 0.00 0.0000 0.0000 0.00 0.0000 0.00
Mole Flow (n-Butane) kmol/h 0.00 0.0000 0.00 0.0000 0.0000 0.00 0.0000 0.00
Mole Flow (Air) kmol/h 0.00 0.0000 0.00 0.0000 0.0000 0.00 0.0000 0.00
Mole Flow (H,0) kmol/h 0.00 93.28 0.00 93.28 93.28 231.35 93.28 231.35
Mole Flow (Refrig-290) kmol/h 0.00 0.0000 0.00 0.0000 0.0000 0.00 0.0000 0.00
Mole Flow (SO,) kmol/h 0.00 0.0093 0.00 0.0093 0.0093 0.00 0.0093 0.00
Mole Flow (NO,) kmol/h 0.00 0.0184 0.00 0.0184 0.0184 0.00 0.0184 0.00
Mole Flow (Oxygen) kmol/h 0.00 50.49 0.00 50.49 50.49 0.00 50.49 0.00
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Equipment E-201 E-202

Type Flow Inlet Inlet Outlet Outlet Inlet Inlet Outlet Outlet
Stream Name 3 60 4 54 55 56 58 57
Mass Flows ke/h 100,000 103,500 100,000 103,500 103,500 132,692.11 103,500 132,692.11
Mole Flows kmol/h 6,225.77 2,346.52 6,225.77 2,346.52 2,346.52 7,365.60 2,346.52 7,365.60
Comp Mole Frac (Methane) 0.9984 0.00 0.9984 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (Ethane) 0.0001 0.00 0.0001 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (Propane) 0.0000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (CO,) 0.0000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (Nitrogen) 0.0015 0.00 0.0015 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (n-Pentane) 0.0000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (i-Pentane) 0.0000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (i-Butane) 0.0000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (n-Butane) 0.0000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (Air) 0.0000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (H,0) 0.0000 0.00 0.0000 0.00 0.00 1.00 0.00 1.00
Comp Mole Frac (Refrig-290) 0.0000 1.00 0.0000 1.00 1.00 0.00 1.00 0.00
Comp Mole Frac (SO,) 0.0000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (NO,) 0.0000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Comp Mole Frac (Oxygen) 0.0000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Total mole Frac 1.0000 1.00 1.0000 1.00 1.00 1.00 1.00 1.00
Mole Flow (Methane) kmol/h 6,215.81 0.00 6,215.81 0.00 0.00 0.00 0.00 0.00
Mole Flow (Ethane) kmol/h 0.62 0.00 0.62 0.00 0.00 0.00 0.00 0.00
Mole Flow (Propane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (CO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Nitrogen) kmol/h 9.34 0.00 9.34 0.00 0.00 0.00 0.00 0.00
Mole Flow (n-Pentane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (i-Pentane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (i-Butane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (n-Butane) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Air) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (H,0) kmol/h 0.00 0.00 0.00 0.00 0.00 7,365.60 0.00 7,365.60
Mole Flow (Refrig-290) kmol/h 0.00 2,346.52 0.00 2,346.52 2,346.52 0.00 2,346.52 0.00
Mole Flow (SO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (NO,) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mole Flow (Oxygen) kmol/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Equipment P-301 C-101 C-201 T-101

Type Flow Inlet Outlet Inlet Outlet Inlet Inlet Inlet Outlet Outlet
Stream Name 66 67 7 8 59 60 13 14 15
Mass Flows ke/h 119,000 119,000 19,810 19,810 103,500 103,500 19,810 4,400 15,410
Mole Flows kmol/h 6,603.62 6,603.62 693.54 693.54 2,346.52 2,346.52 693.54 155.09 538.45
Comp Mole Frac (Methane) 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.00000
Comp Mole Frac (Ethane) 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.00000
Comp Mole Frac (Propane) 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.00000
Comp Mole Frac (CO,) 0.00 0.00 0.1000 0.1000 0.00 0.00 0.1000 0.3986 0.01399
Comp Mole Frac (Nitrogen) 0.00 0.00 0.6927 0.6927 0.00 0.00 0.6927 0.0000 0.89219
Comp Mole Frac (n-Pentane) 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.00000
Comp Mole Frac (i-Pentane) 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.00000
Comp Mole Frac (i-Butane) 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.00000
Comp Mole Frac (n-Butane) 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.00000
Comp Mole Frac (Air) 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.00000
Comp Mole Frac (H,0) 1.00 1.00 0.1345 0.1345 0.00 0.00 0.1345 0.6014 0.00000
Comp Mole Frac (Refrig-290) 0.00 0.00 0.0000 0.0000 1.00 1.00 0.0000 0.0000 0.00000
Comp Mole Frac (SO,) 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.00002
Comp Mole Frac (NO,) 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.00003
Comp Mole Frac (Oxygen) 0.00 0.00 0.0728 0.0728 0.00 0.00 0.0728 0.0000 0.09377
Total mole Frac 1.00 1.00 1.00 1.00 1.00 1.00 1.0000 1.0000 1.0000
Mole Flow (Methane) kmol/h 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.0000
Mole Flow (Ethane) kmol/h 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.0000
Mole Flow (Propane) kmol/h 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.0000
Mole Flow (CO,) kmol/h 0.00 0.00 69.35 69.35 0.00 0.00 69.35 61.82 7.54
Mole Flow (Nitrogen) kmol/h 0.00 0.00 480.40 480.40 0.00 0.00 480.40 0.0000 480.40
Mole Flow (n-Pentane) kmol/h 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.0000
Mole Flow (i-Pentane) kmol/h 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.0000
Mole Flow (i-Butane) kmol/h 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.0000
Mole Flow (n-Butane) kmol/h 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.0000
Mole Flow (Air) kmol/h 0.00 0.00 0.0000 0.0000 0.00 0.00 0.0000 0.0000 0.0000
Mole Flow (H,0) kmol/h | 6,603.62 6,603.62 93.28 93.28 0.00 0.00 93.28 93.28 0.0000
Mole Flow (Refrig-290) kmol/h 0.00 0.00 0.0000 0.0000 2,346.52 2,346.52 0.0000 0.0000 0.0000
Mole Flow (SO,) kmol/h 0.00 0.00 0.0093 0.0093 0.00 0.00 0.0093 0.0000 0.0093
Mole Flow (NO,) kmol/h 0.00 0.00 0.0184 0.0184 0.00 0.00 0.0184 0.0000 0.0184
Mole Flow (Oxygen) kmol/h 0.00 0.00 50.49 50.49 0.00 0.00 50.49 0.0000 50.49
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Equipment H-201 H-301 E-301
Type Flow Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet
Stream Name 58 59 67 68 4 5 61 62
Mass Flows ke/h 103,500 103,500 119,000 119,000 100,000 100,000 20,230 20,230
Mole Flows kmol/h 2,346.52 2,346.52 6,603.62 6,603.62 6,225.77 6225.77 458.71 458.71
Temperature °C 20.00 75.00 15.01 50.90 -22.85 -1.270 1.230 -6.000
Pressure kPa 945.2 945.2 350.0 350.0 10,540 10,480 400.0 400.0
Mass Enthalpy klJ/kg -2,765 -2,318 -15,930 -15,780 -4,935 -4,855 -2,407 -2,804
Heat Flow MJ/h -286,130.40 -239,832.15 | -1,895,192.62 -1,876,768.24 -493,545.82 -485,519.44 -48,691.90 | -56,718.29
Net Energy MJ/h -46,298.25 -18,424.38 -8,026.39 8,026.39
Net Energy kw 12,860.62 5,117.88 -2,229.55 2,229.55
Equipment E-302 E-304
Type Flow Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet
Stream Name 62 61 69 63 5 6 68 69
Mass Flows kg/h 20,230 20,230 119,000 119,000 100,000 100,000 119,000 119,000
Mole Flows kmol/h 6,603.62 6,603.62 458.71 458.71 6,225.77 6,225.77 6,603.62 6,603.62
Temperature °C -6.000 1.230 20.61 4.996 -1.270 48.90 50.90 20.61
Pressure kPa 400.0 400.0 290.0 230.0 10,480 10,480 350.0 290.0
Mass Enthalpy kJ/kg -2,804 -2,407 -15,910 -15,970 -4,855 -4,700 -15,780 -15,910
Heat Flow MJ/h -56,718.29 -48,691.90 | -1,892,324.13 | -1,900,350.52 | -485,519.44 | -469,963.54 | -1,876,768.24 | -1,892,324.14
Net Energy MJ/h -8,026.39 8,026.39 15,555.90 -15,555.90
Net Energy kw -2,229.55 2,229.55 4,321.08 -4,321.08
Equipment E-303 P-201 E-101
Type Flow Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet
Stream Name 63 66 54 55 1 2 12 13
Mass Flows ke/h 119,000 119,000 103,500 103,500 100,000 100,000 19,810 19,810
Mole Flows kmol/h 6,603.62 6,603.62 2,346.52 2,346.52 6,225.77 6,225.77 693.54 693.54
Temperature °C 4.996 15.00 -37.53 -37.15 -154.5 -143.8 -15.50 -102.0
Pressure kPa 230.0 230.0 125.0 945.2 10,550 10,550 2,894 2,390
Mass Enthalpy klJ/kg -15,970 -15,930 -2,905 -2,904 -5,528 -5,491 -2,790 -2,975
Heat Flow MJ/h -1,900,350.52 | -1,895,211.37 | -300,617.63 -300,462.23 -552,787.36 | -549,129.75 -55,267.10 -58,924.90
Net Energy MJ/h 5,139.15 155.40 3,657.61 -3,657.61
Net Energy kw 1,427.54 43.17 1,016.00 -1,016.00
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Equipment E-102 E-103

Type Flow Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet

Stream Name 2 3 9 12 8 9 10 11

Mass Flows ke/h 100,000 100,000 19,810 19,810 19,810 19,810 4,167.75 4,167.75

Mole Flows kmol/h 6,225.7748 6,225.7748 693.54 693.54 693.54 693.54 231.35 231.35

Temperature °C -143.8 -127.8 120.0 -15.50 520.5 120.0 30.00 133.2

Pressure kPa 10,550 10,540 2,897 2,894 2,900 2,897 300 297

Mass Enthalpy kJ/kg -5,491 -5,435 -2,506 -2,790 -1,951 -2,506 -15,870 -13,230

Heat Flow MJ/h -549,129.75 -543,501.73 -49,638.80 -55,267.10 -38,648.91 -49,638.80 -66,125.78 -55,136.45

Net Energy MJ/h 5,628.02 -5,628.02 -10,989.89 10,989.89

Net Energy kw 1,563.33 -1,563.33 -3,052.75 3,052.75

Equipment E-201 E-202

Type Flow Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet

Stream Name 3 [ 60 54 55 58 56 57

Mass Flows ke/h 100,000 100,000 103,500 103,500 103,500 103,500 132,692.11 132,692.11

Mole Flows kmol/h 6,225.7748 6,225.7748 2,346.52 2,346.52 2,346.52 2,346.52 7,365.60 7,365.60

Temperature °C -127.8 -22.85 5.323 -37.53 -37.15 20.00 30.00 5.00

Pressure kPa 10,540 10,540 128 125 945.2 945.2 350.0 230.0

Mass Enthalpy kJ/kg -5,435 -4,935 -2,423 -2,905 -2,904 -2,765 -15,870 -15,970

Heat Flow MJ/h -543,501.73 -493,545.83 -250,661.73 -300,617.63 -300,462.23 | -286,130.40 | -2,105,295.76 | -2,119,626.97

Net Energy MJ/h 49,955.90 -49,955.90 14,331.83 -14,331.83

Net Energy kw 13,876.64 -13,876.64 3,981.06 -3,981.06
Equipment P-301 C-101 C-201 T-101
Type Flow Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet Outlet
Stream Name 66 67 7 8 59 60 13 14 15
Mass Flows ke/h 119,000 119,000 19,810 19,810 103,500 103,500 19,810 4,400 15,410
Mole Flows kmol/h 6,603.62 6,603.62 693.54 693.54 2,346.52 2,346.52 693.54 155.16 538.38
Temperature °C 15.00 15.01 52.00 520.5 75.00 5.323 -102.0 -102.0 -102.0
Pressure kPa 230.0 350.0 100.0 2,900 945.2 128.0 2,891 2,891 2,891
Mass Enthalpy kJ/kg -15,930 -15,930 -2,489 -1,951 -2,318 -2,423 -2,975 -9,821.86 -295.54
Heat Flow MJ/h -1,895,211.37 | -1,895,192.62 | -49,304.28 -38,648.91 -239,832.15 | -250,661.73 -58,924.90 -43,216.17 -4,554.32
Net Energy MJ/h 18.75 10,655..37 -10,829.58 -58,924.90 -47,770.50
Net Energy kw 5.21 2,959.83 -3,008.22 3,098.44
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C.3 A18819N1SATUIN

1. 99 LNG

LNG_0
LNG_1
TK-101

UM C.3.1 a18n1510108NY09a1350UE LNG

Assumptions

1. LiAeenuduantuds
gaunginegludiaiirn

1 = ¥ [ [
iuumiqiymamwmauiumm‘u

A

gaunilkaraNuiulioneds Ao 0 °C uay 1 atm AUA1AU
GRIRPTAGHPT

MinG 0 = MinG.1 T Mpog

Mndndrulagluavasansiuwmazans

an3197 C.3.1 dndulneluavesusiazansluans LNG 0 uag LNG 1

Mol Fraction Mol Fraction
Comp
LNG 0 LNG 1
C1 0.8724 0.8724
c2 0.0845 0.0845
c3 0.0315 0.0315
i-Ca 0.0111 0.0111
i-C5 0.0005 0.0005
Total 1 1

wazionsinistaudnlaeluavas LNG wJu 5,374.310 kmol/h

WaAUIMNENIINT A ba g lUaTBIETWARLFIINFUNNT

Fi=FXxi

19y x A dnaulngluavaasaradrusenau way F A onsinisivalagluavesany
AMntuinswasudnsinisiualesluaidusnsinislualasuianiyaunis
m; = Fi X MWl

log m; Ao dnsnistualaguia wag MW, fie waluianavesansusasyin



91 aun1snaua 9zl meoe lunsazasdusznavaziiandu 0

M1319% C.3.2 ANNIAULINAINANNITANIAVBINT LNG

[

2N

il

Mol Mol Mol Flow Mol Flow Mass Flow Mass Flow Mass Flow

Comp | Fraction | Fraction LNG 0 LNG 1 LNG 0 LNG 1 BOG

LNG 0 LNG 1 (kmol/h) (kmol/h) (ke/h) (kg/h) (kg/n)
C1 0.8724 0.8724 4,688.548 4,688.548 75,016.768 75,016.768 0.000
C2 0.0845 0.0845 454.129 454.129 13,623.876 13,623.876 0.000
3 0.0315 0.0315 169.291 169.291 7,448.794 7,448.794 0.000
i-Ca 0.0111 0.0111 59.655 59.655 3,459.981 3,459.981 0.000
i-C5 0.0005 0.0005 2.687 2.687 193.475 193.475 0.000
Total 1 1 5,374.310 5,374.310 99,742.893 99,742.893 0.000

INNNIAMUIUINUD SRTINTinalaganaves LNG 0 way LNG 1 fiandu 99,742.89 kg/h

drurdnsmslvadanadilaannlusunsy Aspen HYSYS fie 100,000 ke/h

WIBYINNISAIUIUNAN %Error azianyiniu 0.25%

AUNITAANAINY

NNV ALV188NVDINITAT -154.5 °C uag 1.065x10% kPa

31N dnsNshralaeiauazum

Ein = Eoue MUANNNT

TnennsAunia Enthalpy annlusunsa Aspen HYSYS 538 il

Epyp =
MinAHin = Moyt AHoye

[

LNG_0-2

out

101

LNG_ref

piwesans LNG 0 fu LNG 1 fiefivindu Tae LNG 1 asfigamy

9 Y

AU -

@

141.9 °C 399l

E‘Uﬁ C.3.2 @19N1519188NVDIETULATNAINUTOU Heater

1. @¥19a18 LNG_0-2 Ninmsimungaumgiikazadnamiguiiediu LNG_0 fie -141.9 °C uay 9901 kPa n1ua16iy
2. @519ane LNG_ref Aiflmsrimungamgiivazaiumudui Reference Condition e 0 °C uaz 1 atm muddiu

3. @319 Heater udtouaisvndndu LNG 0-2 @1gveandsnu As Q lnefl Heater azdnslnassuunalsuidnves

a3 Q Fuduanvvndvemdinu uwagaievieenidu LNG ref

4. 9ntuthAn Enthalpy 289 LNG_0-2 uag LNG_ref snaufu dieldifuen Enthalpy dwiunisdiuia ean Enthalpy

AU 754 ki/h



fatuarlein

kg k]

Ey, = my, AH;, = (99,742.89 —) (754 E) = 75,206,141.18 kJ /h

h

nAmdsuilaanlusunsy Aspen HYSYS f 75,369,751.12 kJ/h

WBYINAISANUIMT %Error aEdA Ny 0.22%

2. A3esgy (Pump)

Swdj_in P-102 SW

Q2

JUN C.3.3 M19N1514108NURIATUAL NN TUTOULATDIGU

Assumptions

1. lufimswasuudasseauanugs (No Elevation)
AUAUILUUYDIN VAU 1,050 kg/m?

AMU5I7BBN31A Suction Line Wiy Discharge Line

AN

UszanSamwas Pump (Pump Efficiency) windiu 75%
5. w5l (g) Ay 9.81 m/s?

diNI9AANIA

Mgy 1 = Mgy

M13197 C.3.3 AdnaiulaglualagnisAuiinauaa

c Mol Fraction Mol Fraction Mol Flow SW_in Mass Flow SW_in
omp

SW_in SW (kmol/h) (kg/h)
Water 1 1 1,167,421 21,013,578

Mndasmsinalaeuiaiildanlusunsy Aspen HYSYS fo 21,031,200 kg/h

LWBYINNISANUIMT %Error azdlA1winndu 0.08%

AUNTAANAIIU
NIAUIUNSIUNAATUTEU Pump lagldaunis Energy Equation!t®
2 2
PV P, V}

=2
g + 29 + 21 + hpumpu = g + 29

+ Z + hturbine,u + hL
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910 Assumptions 919AYU ILAINITOAANIUVDIENNT AT BLAEN

B g
pg PR pg
ey
h m
VVpump _ 'pumpu g
Npump

NNAMzYIi1veaATesgUilAIAY 30 °C wag 1 atm drunmzaneenilinAy 30.02 °C way 275 kPa
INMIAUIUNUD Dy, NU 16,769 M

wazan Pump Efficiency W1y 75% 9gladn Wy, WU 1,281.397 kW

Tngr1anlusunsy Aspen HYSYS Siandu W, winiu 1,281.64 kw

WIBYINNISAIUIUNAN %Error azdlanyniu 0.02%

3. iATeduanUABuAINSaU (Heat Exchanger)

SW

LNG_2 Q NG

E-101

——
SW_out

Ul C.3.4 aensiinesnvesanssouiaiesuanildsumiuiou
Assumptions
1. maanidsunnuieulugunsaiifnegisauysal Ae lifinsgrydoanuieussnaniadosuanidsuanuiou
(No Heat Loss)
2. ldfimsifinnensunuedesaniudeurudou (No Fouling)

3. lifinsiAnAusuan (No Pressure Drop)

A3N157 138
Tngazuusandu 2 Stream Ao
Heating stream azdaunns il

Mgy = Msw_out

(%

Cooling Stream azdlaunis fal

MminGg 2 = Mpg



Mndadulasluaves Cooling Stream aglaninnsned C.3.4

a519fi C.3.4 Ardnaulagluaves Cooling Stream

Mol Fraction Mol Fraction
Comp
LNG 2 NG
C1 0.8724 0.8724
C2 0.0845 0.0845
C3 0.0315 0.0315
i-C4 0.0111 0.0111
i-C5 0.0005 0.0005
Total 1 1

nAnTINIsivalaeniaves LNG a1nnsvinauia luded 1 agldnmisiei C.3.5

M19199 C.3.5 Aflia1nnIsATuInnauIa ¥a9 Cooling Stream

Mol Fraction Mol Fraction Mass Flow LNG_2 Mass Flow NG
comp LNG 2 NG (kg/h) (kg/h)
C1 0.8724 0.8724 75,016.768 75,016.768
Cc2 0.0845 0.0845 13,623.876 13,623.876
a3 0.0315 0.0315 7,448.794 7,448.794
i-Ca 0.0111 0.0111 3,459.981 3,459.981
i-C5 0.0005 0.0005 193.475 193.475
Total 1 1 99,742.893 99,742.893

M19199 C.3.6 ANNIIAIINNNIANUINAGNIA U84 Heating Stream

SW Mass Flow SW_out Mass Flow
Comp (kg/h) (kg/h)
Water 2,1013,578 21,013,578

Y

Adnsnsivadaares LNG fildannlusunsy Aspen HYSYS Ao 100,000 kg/h
Adasnsinadanaiiléannlusunsy Aspen HYSYS fa 21,031,200 ke/h
dlevhnseuanm %Error vesans LNG way SW asdidniviniu 0.25% way 0.08% m1ud1s

AUNIIAANAIY

123

Pnamrrdivenedsmaniudsuanufouil Cooling Wity 30.02 °C 275 kPa uag Heating WU -150.9 °C 1.752x10° kPa

PNAMEIBBNTRAIaNUABLATLSauEl Cooling WU 29.32 °C 275 kPa uag Heating WU 20.02 °C 1.752x10° kPa

NEAUNT

Q = mAH



NMSAUIAUNIAT Enthalpy usiayesrusenau

9198991nA" Properties W93 Fluid package 483 Peng-Robinson Iaagtdunisnudusau

1.

AR S

INsass Stream vosasuiauis 1 6 tneld gaumgll Anudy wazAdndiuvedle WuAvesileud

A1 Enthalpy 970 Properties tUuA1 Hy,

YINN5AIN stream VYBANTUTANTALALITUY

A1 Enthalpy 910 Properties WU Hyy

NN AH = Hyy, — Hoye

A1519% C.3.7 MIAUIUAANEGNUVBI Cooling Stream

NUY Qcooting

NEAUNT

[

&
NU

lngld aaumgdl Anudu wazandndiuvadle Wurveslwisen

Mass Flow LNG 2 Mass Flow NG H,LNG 2 H,NG Delta(H)
Comp (kg/h) (kg/h) (kJ/kg) (kJ/kg) (kw)
C1 75,016.76769 75,016.76769 -5,478 -4,908 11,877.65488
c2 13,623.87567 13,623.87567 -3,572 -3,234 1,279.130549
c3 7,448.79356 7,448.79356 -3,051 -2,7168 585.5579382
i-C4 3,459.980731 3,459.980731 -2,946 -2,692 2441208627
i-C5 193.4751574 193.4751574 -2,753 -2,516 12.73711453
Total 99,742.89281 99,742.89281 13,999.20135
Wiy 13,999.201 kw
Q = mC,AT
AN5197 C.3.8 MIFUININANESILYES Heating stream
SW Mass Flow SW_out Mass Flow Cp,Water™”! Delta(H)
Comp (ke/h) (ke/h) (kJ/(kg*K)) (kw)
Water 21,031,200 21,031,200 4.316 | 14,274.38887

S50 Quenting WU 14,274,389 KW

MnAanufouiinnisuaniudsuly Heat Exchanger fidnuanildannlusunsu Aspen HYSYS fia 14,275 kw

W19 %Error U89 Heating Stream wag Cooling Stream 11U 0.00% uay 1.93% Muaau

nuneme 1evann15iAeaiu LNG Heat Exchanger
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4. Turbine

021
gﬂﬁ C.3.5 @19N15L100NURIEITUALNANIUTOU Turbine

Assumptions

1. Isentropic Efficiency 11U 95%

2. lifinnsagydendany
AUNIINALIA

Moy—s = Mpy_1

9nVades Material Stream iliiies 1 ssAUs¥naU Ao R-290
uay 02-4 fomsnslualagina windu 81,268 ke/h
arldAsnsnisialaewiadildainlusunsuie 81,452.7 ke/h
dlovhnsm %Eror axdleuiiu 0.23%
AUNITAANHINY

INANMLIWINVBUYINAU 75 °C 945.2 kPa karn13Izv19envinny 5.323 °C 128 kPa

W = —mAH
A5197 C.3.9 A1 Enthalpy luusiazanenisiva
Stream H (kJ/kg)
02-4 -2,318
02-1 -2,422

nuBLme A1 Enthalpy 9198991015054 Aspen HYSYS
NAIAUIAE LRI Wy pine ¥INAU 8.469x10° kJ/h
adilaainTusunsuie W windu 8.512x10° ki/h

[

WBYINNISY %Error agdAwinndu 0.51%
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5. Compressor

co2

CHCO

Q-103

1

gﬂﬁ C.3.6 @1UN15L100NUDIAITLATNEIUTOU Compressor
Assumptions
1. U3ues SO, ag NO, :ﬁazﬂu Flue Gas (@18 CO,) Uasun

2. Adiabatic Efficiency iU 95%

i a A

3. gumiinldensds e 25 °C

A31N137au38
Meoy = Mcy
NNonsINsinalagluaves Flue Gas (@18 CO,) Wity 601.034 kmol/h

wazdndrulaeluaveawsazatedulusail

M157199 C.3.10 Adnaulneluavesansenazsinluans

Comp | Mol Fraction C1 Mol Fraction CO,
Co, 0.1000 0.1000
N, 0.6927 0.6927
H,O 0.1345 0.1345
SO, 0.0000 0.0000
NO, 0.0000 0.0000
0, 0.0728 0.0728
Total 1.0000 1.0000

nndndrulngluavesansunazvinluunazanadainnuy AUy meg, = Me;
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= i ° ]
n19191 C.3.11 AINTIINIAANIAVDIENTUAATEY

Mol Fraction Mol Fraction Mol Flow Mw Mass Flow

Comp C1 co, (kmol/h) (kg/kmol) (kg/h)

Co, 0.1000 0.1000 73.5287 a4 3,235.2619
N, 0.6927 0.6927 509.3332 28 14,261.3284
H,0 0.1345 0.1345 98.8961 18 1,780.1293
SO, 0.0000 0.0000 0.0000 64 0.0000
NO, 0.0000 0.0000 0.0000 46 0.0000
O, 0.0728 0.0728 53.5289 32 1,712.9241
Total 1.0000 1.0000 735.3161 20,989.6437

AnTINsinadanantaainlusunsuy Aspen HYSYS @a 21000 kg/h
Wevinin1511 %Error aziALNAY 0.05%
AUNIINANAINY

INANMEVWINVBUYINAU 52 °C 100 kPa kazn1Izv19andayinnu 404.44 °C 1540 kPa

W =Eyt—En=m (Cp,out(Tout - Tref) - Cp,in(Tin - Tref))

AN Cpy WU 1.084 ki/kg®C Uaig Cypy WNAU 1,190 kI/kg®C (§148991n1UsHUNTH Aspen HYSYS)
aglen
20989.6437kg kJ k]
Eout = MCpout(Toue — Trep) = ( ) (1.190 ) (404.4 — 25°C) = 9476530.27 —
: 7 kg°C I
20989.6437kg kJ kJ
Ein = mCpin(Tin — Tref) = ( ; ) (1.0840 kg—°c) (52 - 25°C) = 614324.89—

St W iy 8,862,205.38 kJ/h
wazrdei Compressor Tganlusunss Aspen HYSYS @9 8,371,067.91 kJ/h

WIBYININISM %Error agAWINnU 5.87%



6. Separator

V-100

co2
3 ice

Ul C.3.7 anun1sidnesnvesansiaznaanuseu Separator
Assumption
1. ldfimslduazmslimdsemuintuly Separator
Tfinsidsunlamesnnusunely Separator
LifiufAseuatiAntunelu Separator

=

N1E1999AD 25 °C Lay 1 atm

AN

ddN19AANIA

oledl ] ToViblen db]

M3 = My + Meo2ice

ndnsmsivalagluaiiany 3 dandu 571.15 kmol/h

N (9

wazluwsazaefiadndrulaeluadusadl

M157199 C.3.12 Adnaulneluavesansieaazsinluans

Mol Fraction
Comp C3 CO, ice Air
Cco, 0.1000 0.3504 0.0146
N, 0.6927 0.1204 0.8878
H,O 0.1345 0.5290 0.0000
0O, 0.0728 0.0000 0.0976
SO, 0.0000 0.0001 0.0000
NO, 0.0000 0.0001 0.0000
Total 1.0000 1.0000 1.0000

[

Wy smuInEunsnauIazlinadnsn N33 fell
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A1319% C.3.13 AINSYINAANIATRIANTUAAT AN

Mol Fraction Mol Flow Mass flow %Error Mass Flow

Comp 3 CO2 ice Air a3 CO2 ice Air MW 3 CO2 ice Air a3 CO2 ice Air
co, 0.1000 0.3504 | 0.0146 57.112 50.876 6.237 a4 2,512.948 | 2,238.527 274.420

N, 0.6927 0.1204 | 0.8878 | 395.618 17.480 | 378.138 28 | 11,077.301 489.436 | 10,587.865

H,O 0.1345 0.5290 | 0.0000 76.816 76.816 0.000 18 1,382.692 | 1,382.692 0.000

0, 0.0728 0.0000 | 0.0976 41.578 0.005 41.573 32 1,330.491 0.149 1,330.343

SO, 0.0000 0.0001 | 0.0000 0.008 0.008 0.000 64 0.488 0.486 0.002

NO, 0.0000 0.0001 | 0.0000 0.015 0.015 0.000 46 0.698 0.698 0.000

Total 1.0000 1.0000 | 1.0000 | 571.147 | 145.199 | 425.948 16,304.619 | 4,111.989 | 12,192.630 | 0.04% 0.05% | 0.04%

AUNTAANAIIU

NANNITV NV IALVIBDNVNAU -102 °C way 2,894 kPa
Q = —mAH

Tngldien enthalpy ffisufun1agdredafildaniusunsy Aspen HYSYS

[

WvN1sATIURaNa 19U leNaaNEALAIT1R AT

A1519% C.3.14 A1 Enthalpy wagnasnuluimazansnisiva

Stream dH (ki/kg) | dH ref (ki/kg) | H (kl/kg) | Mass Flow Q (kJ/h) Qsim (kJ/h) %Error
(kg/h)
c3 -2,975.00 -2,684.00 -291.00 16,304.62 -4,744,644.07 | -4,746,000.00 0.03%
Air -351.90 -201.10 -150.80 12,192.63 -1,838,648.64 | -1,840,000.00 0.07%
CO, ice -10,750.00 -10,190.00 -560.00 4,111.99 -2,302,713.60 | -2,299,000.00 0.16%
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D. A5A1uunelansedn (Preliminary Hydraulic Calculation)
ndoimuakazngnaaulangirunaunsoagulanenisei D.1 wasn nsinedinssuIunIsnanlunsanugIu
(Base-Case) tnglufiu3urauves LNG sulandimuasindsgamgd anudunazausilunisivadulyamuuinsgiuues

ngenauaffmunly

A1519% D.1 99 nunwazrdaTkuza9ay LNG aulandiivun

List Requirement Unit
HP LNG Header 10 bar (Pressure Drop)
to HP NG Header 12 and 16 inches
Velocity in Pipe 3-6 m/s
15-20 m/s

1. PMSAUAYTUAYBLarANUSIveednatuva e
Stream Name: 2

M1319% D.2 YayanlylunisAuin Stream 2

List Value of Unit
Volume Flow Rate (Q) 36,678.77 barrels/day
Mass Density (P) 25.69 Wb/t
Liquid Viscosity (u) 0.084 centipoise
Specific Gravity (Sp. Gr.) 0.412 N/A

Pipe Material Stainless Steel N/A
Roughness (€)% 3.28 x 107 ft

AT
1. fwuasasmslvailensniang (Surge Facton) Antdufesas 20 :ndasnisivalagund
i gnnsivagegaiianvindu 1.2 whwesdnsimsivalagund
wld  dnsnnsivagegn (Q,) Wi 44,014.52 barrels/day

2. fvualinnuswesvedvadledidnsnisivagean (v,) faldifundewindu 15 Wasedund

NANNTT
0.12Q
Vi=—— (D.1.1)
di
a8
vV, - ANULSIVDIVBIAAINUND, ft/s

Q = msINslraresuesnal, barrels/day



d = wuiugudnasneluvesvie, inches

wazllel v = V,, ,Q = Q,, aglal

15

;= 18.76 inches
wiszariy wwaduiugudnangluiedsdetialiiindy 18.76 inches
s mualvtinsldvunevie 20 (L@ ugudnatenigluiniu 19.25 inches )

*MIUATSI9VUINND Schedule 40S

3. drunngluveildwazdnsinsiralagwnueiadiuaunis D.1.1

3 0.12 (36,678.77)
aeld V= ——
19.252

Vi =1188  ft/s

4. MN1311A1 Reynolds Number (Re) 21n&@1n1s

P dVi
e=—— e (D.1.3)
ol
1y
Re = Reynolds Number
P = ANUNRUNLUUYDIVDLMAY, b/t
dr = Wunugudnanneluveaie, ft
Vv, = AMUSIVRIVRLYAY, ft/s
by = AMUnilnvearaIluniy Centipoise (cP) w135Aay 1488
o (25.69)(18.76/12)(11.88)
Azl Re =
0.084/1,488
Re = 8,655,846

5. 11#1 Re #ilé waz A1 Relative Roughness (€/D) Tl4lun1smen Friction Factor (f) 910 Moody Chart
Tngazlaan f davindu 0.0092

6. ¥IMIAUIN Pressure Drop Minduse 100 WAvBIANNETIALUWN

0.00115f Q%S

INAUNT AP = - (D.1.9)
d

g
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° ] < A & v
2. mimwumummuagmmLi’sﬁuawaﬂwamﬂmma

AP = AIUAUAR, psi 61D 100 ft

Q = dmsnsluaveswesnal, barrel/day

d; = wuiugudnasniegluvesvie, inches

St = AUNWINNIZUDIVDILND

f = A" Friction Factor 910 Moody Chart #151371

azld Auduan AP = 0.00222psi/100 ft

Stream name: 5

M13199 D.3 JeyaildlunisAuin Stream 5

FBNITAIUIN

1. ﬁmumé’mwmﬂwaLﬁamiw%ﬁwg Anludesaz 20 nsnsnstualaeUnd
falu
e

2. dmuabinnusweswedlvaledensinisivaasan (V) Saniu 60 ft/s

List Value of Unit
Volume Flow Rate (Q) 152,693.75 barrels/day
Volume Flow of Gas at STD (Q,) 124.76 MMSCFD
Operating Pressure (P) 1,522.90 psi
Operating Temperature (T) 29.71 °F
Molecular Weight 16.06 N/A
Gas Compressibility Factor (2) 0.753 N/A
Mass Density at STD (P) 0.0415 lb/ft?
Viscosity (1) 0.014 centipoise
Specific Gravity at STD (Sp.Gr.) 0.54 N/A
Pipe Material Stainless Steel N/A

3.28 x 10”7 ft

Roughness (E)

£y a0 1 U 1 £y a
amﬁmﬂwaqqqﬂmmmmu 1.2 Wihwessnsinisivalaguni

gnnslvaasan (Q,,) Wiy 149.72 MMSCFD

NFUNT

60ZQ, T

d?p
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1ng
v, = AVISIVRLAE, ft/s
Q, = gnsnsiravesuia, MMSCFD
d; = wuiugudnasneluvesvie, inches
T = gaungisiiunig, °R
P = ANUAUALLIUNTS, psia
Z = Gas Compressibility Factor

lﬂl 4 1 4
wazldloli V, = Vi, Q, = Qp 914

602Q,,, T

d= |—/m— (D.1.6)
PVing

At M wInuAEuEuaudnansngly (d) aslaanaunis C.1.6

azle

60 (0.54)149.72)(29.71+460)

(1,522.90)60)

d = 6.08 inches

wgagiu waduiugusnansaneluioiesisnuszan 6.02 inches
Farmualvdnisldvunavie 6 (@urugudnatneluwiiiu 6.065 inches )
*H1UATNVUIAND Schedule 40S
tanemelueiliuasdnsnisinalrsunfunuaiadiuaunis D.1.5
wlsanuisiveufangi 50.31 ft/s
1N19911A7 Reynolds number (Re) 21naun1s D.1.3
9216 Re fAvNAU 16,314,679
e Re 7ilé waz @1 Relative Roughness (€/D) TUl4lun1sman Friction Factor () 910 Moody Chart
Tagaglaen f davindu 0.0088
¥Assuans Pressure Drop fiAnTuso 100 Wiavesnuevie

INFUNT

AP =126 _SQZTL
P,

g

AP = ANUAUAR, psi

Q, = gnsnslraveania, MMSCFD



d = wuiugudnasneluvesvie, inches
T = gauniALilung, °R
Z = Gas Compressibility Factor

= A" Friction Factor 910 Moody Chart #151471
P1 = AUAUVINYT Stream (Psia)

L AusMvewieiutalwany, ft Auiild 100 f)

agld mmduan AP = 2820 psi/100 ft
3. ANIAVUATUIAVIBMAEANULSIVRITad lalluraiaINaLL A
Stream Name: 8

M1319% D.4 VayanlylunisAuin Stream 8

List Value of Unit
Volume Flow Rate (Q) 499,480.41 barrels/day
Volume Flow of Gas at STD (Q,) 59.44 MMSCFD
Operating Pressure (P) 420.17 psi
Operating Temperature (T) 248.00 °F
Molecular Weight (Vapour) 28.56 N/A

Gas Compressibility Factor (2) 0.988 N/A

Mass Density Gas at STD (P,) 0.0661 b/ft?
Mass Density Liquid (P) 58.19 lb/ft?
Mass Density (Pm) 1.70 lb/ft?
Viscosity (1) 0.230 centipoise
Specific Gravity of Gas at STD 0.86 N/A
Specific Gravity of Liquid 0.933 N/A

Pipe Material Stainless Steel N/A
Roughness (€) 3.28 x 107 ft

FBMTAIUIN

° 2 a v a ) . . ~ < |
1. ﬂ']u’]mﬁ’]ﬂi]']llLi']VlﬂaIﬁLﬂﬂﬂWﬁﬂ;lWﬂ (Erosion Velooty) Lwa‘mmmquqmawa\ﬂwamsﬂ,u‘wa

INFUNT
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1oy
A = mwﬁaﬁddﬁtﬁmmmﬁﬂ, ft/s
c = AT ANE
pm = mmwmwumawaﬂwamam, (bs/ft>

AUl AN ¢ AU 100 dusunisaiunisvedinalasnanvuasidanazinaunsiilas
93laan anusiineliAnnisui Ve = 76.73  ft/s

Awnweiunnidavewentesigailineliianisyisainnisinavesveslva

NFNUNT ZRT
_ 935+ S35p
ve T
1ng
A = summﬁuﬁwﬁﬁé’]’mﬁum‘viaﬁaaﬁqmﬁﬁ%ﬂummﬂma, in%/1000 barrels liquid per day
a1y Hudivhdin A = 111.50 in%/ 1000 barrels liquid per day

Wednsnsluavesuesnainigluviedianviaiu 544.71 barrels liquid per day
v X oy . 11150 -
PILUUTUIANUNFAUIVIDADILAININATT  —— x 544.71 = 60.73 in

1000

;74 1 L3 I dl L4 a0 1 6073 .
LLazLaumu@uaﬂawaﬂﬂﬂuwaw%mammmnmw 2x |— =879 in
T

[
Y

wiszariy Jsmvualiiinisldvuiavie 10 (dusugudnataniglumindu 10.02 inches )
*ANUAIS9VUIAYID Schedule 40S

mwupnuTewetangluvedeldvunadurugudnarniglumuiiiinug

INAUNNT
Q
v -2 (D.1.10)
TU x f/4
1ng
= AU eIvadlakue, ft/s

Q = gmsInsiviavesveslua, barrels/day

d = wurugugnaneluvese, ft
wla Vv = 59.27 ft/s

1N1571A7 Reynolds Number (Re) 27n&auns D.1.3

azle Re Hawiniu 544,084
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5. 1he1 Re fil¢ uazen Relative Roughness (€/D) Tldlun1smen Friction Factor () 910

|

Moody Chart lagaglaan f Saviu 0.012

6. ¥N13AUIN Pressure Drop MiATusie 100 WiveIAILe1vie

I1NFUNT

g

AP =

pm =
W

0.000336f W2
di® pm

LHP =

AINUAUAR, psi/100 feet
wuiugudnaaneluvesvie, inches

A1 Friction Factor 91n Moody Chart 5197
AMNTUILLLYeIURlnanay, bs/ft3

gnsINTbvalaeulavasvadbanay, tbs/hr

Azld AnuRuan AP = 0.9259 psi/100 ft

4. nseudnisiranislueniiveauwdslu

Tumsmauaneflduazanusivesnisivanelurieldisnisimuasanzdinvewadiua aunnsvewadluatiu 9

(Vouuad, whd, VauTaY/wid) 21N38N15TINANIUN M UTITRAB UL

¥
=

ntulugureInUsuaATANTY 2T UNATILVRIAUSUAASULTBIIINNSHvRTeTnTuN S INakas AMNALAR S Y

Wasannistuaveswasiva (Aiuausuananvedlnaandanaumnti)

Taganusuansulilasnvewdsulunisivasuialaainaunis

g
APsoUd =

A -
pﬂuid

Vfluid
AL =
D =

oo AL
AP 5= AsPPfuidVy g .

AuAUan, lbm/ft.s?

Solid friction factor
ﬂ’JWﬂJ%U’]LLﬂU%@Q%@ﬂ%ﬁ, lbm/ft3
ﬂ’J’]ﬂJL%TUENﬂ'I{Lﬂa, ft/s

AnueveiaNveskanluany, ft Qundly 100 ft)

wurugugnaneluvee, ft

wazIethanusuaniunsutuanusuanainvadlua azlaiduanusuanvasnisivanieluve a ¥y deszazyaisuin

100 ft
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1. vhmsseygunsal Tesie wavdete nvlin Nedneluaeviserisnisivatu q nieuduszyduiuvesgunialvsedete

U 9

2. ddeyavuavisludunislvanseansiununseuies Weldlunismvusanueriiisusinduiieosedowasdataus

v

agdu 93U D.1 lumdnnis API-14E72

3. WINSIINATINYBIANUENLALUYINSULANINTDH B Y509 99MALAINNEIVDINBLUTINT e TiH aIn15ATUI

4. dmaninvesrnueiieuwhlumumameanuduanduiavuluudaryisnisivasenigunsaldeuinunmesnis

aadliluidenieunii

5. ihanuuanduliesaingunsalvlinig « Feimualiinsiu Wevinsmeuiuannaenany

M13199 D.5 e ensszyateiiisuinluusayyasnsivade LNG nsdlitugiu

Stream | Nominal Pipe Valve Amount Valve Le (ft) / Equip
Length (m) Length (ft) Total Le (ft)
Name Size Globe Valve 90 Elbow Globe Valve 90 Elbow
1 12 76.27 250.23 1 1 400 14 664.23
2 20 11.06 36.29 60 23 36.29
3 22 47.61 156.20 1 2 688 25 894.20
4 5 93.12 305.51 1 4 165 75 500.51
5 6 55 18.04 1 200 8 26.04
6 16 186.99 613.48 1 2 500 18 1149.48
TABLE 2.2
EQUIVALENT LENGTH OF 100 PERCENT
OPENING VALVES AND FITTINGS IN FEET
- & & H - Enlargament Contraction
H H N =zl s ]E
A E R H H R e
SN Y B B ) B I I O I '
_#|s°2 2 B '.‘-wi & 3 & = Equivalent length in tarms of small diometer
LA el 2 <= P <
IR ERE HRHEHRRHEEERE R E R R R R R R
: a 3 I B B T -1 1 (R (O - - - IS I S IO
sl | 3(-[=(F|®[F|2[c]| = s 3 s 3 ) E] < s 3
2| ss| 26 13 ' vie| 3ls]zlz] e 2|3 s 3 ' 4 I 3 2 1 '
2 o] 33 k4 2 |2/3]4fs)3fa]iojin] 3la 7 4 . s ' 3 3 '
2Ye 80 40 20 2 2 3 3 12 3 8 5 2 L 2 4 3 2 2
3 oo | sof| 25 2 |2 | a 14 4 10 3 2 L] H 5 ) 2 2
4 130 | &5 | 32 3 |s 4 s 15 s 12 ® 3 0 3 6 s 3 3
€ 200 | 100 | 4e a |a n [ 28 8 8 2 4 14 L3 ] 7 ) 4 '
.3 260 125 64 € 6 5 9 3 9 2% % 5 19 s e 9 5 S 2
0 330 | 160 | 80 LA 4 8 2 a7 12 3 20 7 24 7 s 12 6 6 2
2 400 190 95 9 9 22 (L} 55 - 37 24 L) 28 L 8 L} 7 T 2
14 aso| 210 | 108 | 0 |0 26 16 62! 16 a2 | 26 ] 20 16 8
6 soo | z40 [ 120 | ¥ [0 29| [ 12 1) a7 30 | 10 24 ] 9
" ss0 | 280 | 140 | 12 |12 33 20 e2| |20 53 35 | n 26 | 20 0
20 | 650 | 300 | 155 | 1a |14 36 23 90| |23 60 | 38 | 13 30 | 23 "
22 [ ees| 335|170 | 15 |15 40| |25 oo |es 6s | ez | 1a sz | zs 2
24 | 7s0| 370 | 185 | 18 |1 aa 27 no| |27 70 | 48 | 18 35 | 27 k]
30 21 |21 ss| lao| |so| |eo
36 25 |25 ee| |a7 170 |at
a2 30 |30 77 5, 200 s NOTES:
. S - o8 . 220 s 1. So_ur_v:e .u!dn‘u is GPSA Data Book, 1981 Revision.
sa a0 |40 as 10 250l 10 2. d is inside diameter of smaller outlet.
D is inside diameter of larger outlet.
&0 45 fas| luo| feo| peo |eo

U

# D.1 AnugNigumivedkaztoratadslunilenn auu1nsgu API-14E7
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E. M33ATILRBAATEGANENS
E.1 M#uUA Assumptions TUNISATUIUNIANA ALl

ms19a3U FeyadaiisnAues Chemical Engineering Plant Cost Index (CEPCI) fildlunsna

Year Chemical Engineering Plant Cost Index Reference
2549 500 [121]
2550 525.4
2551 5754
2552 521.9
2553 550.8
2557 576.1 [122]
2560 558.3
2562 607.5 [123]
2563 596.2 [122]
2564 686.7
2565 686.7
Process Year Chemical Engineering plant Cost index
Equipment Equation 2557 576.1
Carbon Capture 2564 686.7
Flare 2564 686.7
Methanol Synthesis and Purification 2564 686.7
Electrolysis of Water 2564 686.7

1. szznamiauailassmseniiunms (Project Life) Ao 25 U Tnawpasazsniums lu 1 3 7 12 e suruimundusuau
365 0 Tu 1 Yu Wunan 24 $alas deuaeiisrunuihlueiamadldsidunig fe 8,760 $alue se 1 U

2. swwrianiigunsaiiden (Depreciable Life) axwhiussiimiovmaiildduiulasenis Ao 25 T

3. gunsalftaueaziidnsniaidonvesaiivniulaeasld3s Straight Line Method lunisduam

4. TimAgnvesgUnsaiiarialienunTreEIa1reen1IaLiulaTiNTs (Salvage Value, Sa) iviun Ao 20% vesT1AgUNTaltY

o

9 INUNEUANTULATING

v
[ =

5. s InenUsUNATIINNANTENUTBINTIUABULUAIUDI5IA100n (Interest Rate) VAU 10.0% waglAvnAUsATIHanaUuLNUY

'
= 1

gaiteeniuldriol (MARR) winfu 10.0%

6. SmsnsuAnNARn Austazslenfiviiiunnnaeastegnatilasinsduiuay

7. TumsewinlaiiinisAnnavesdnsnule (Inflation)

8. MelduazaliineretimnaedisunuiividuimuannTauavszsesnanveslasenis

9. lifinsAuanSuaznisuseiudunigg Tulasenis (Annual Tax and Insurance)
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v o
(% L3 v v ol

10. 8n51N1sHAANEN ST TUTngAuAIulunSEUIUNINEAWINTIY
11. msfunuaAiieinm (Maintenance Cost) iU 5% @4 ISBL (Inside Battery Limits)
12. TulAsan59eiin1s9ussnuginenavan 3 au dedu (No) wagimnsnauaugualasinis 1 Ay

13. mﬁﬁuﬁiﬂumﬁam@fﬂqﬂﬂsﬁﬁﬁwm Ao 100,000 u1n/1sA

a L. \

14. Lyifielgaeiudwindenla 9 lunisandunis saumslufiasssudenluenginaiidunis A1dednsee q waz nsvud
WBUBHNARN UINAINLATINTG
15. lifiniivSeRuieldlulasinis lifianldanglunisueuasnisnain

° < W - a a ° < ' | o ° 2 o %
16. p1gvedasTANEuyiY 25 U lngdssansninvesansyianuduazlianasuaslifinnssiluavesansvitnanud unsn
e R-290 (Propane)
17. Anuniuuuresn lun15AnsIAT WAy 1,000 kg/m?

18. Tumsiinuisen Methanol Synthesis waz Electrolysis U831 Aglandnduainiunisnaluaresaunsuiseniintu s

v o
[ ¢ = U v YV =

Conversion 100% lagkanAMTzTUAUAIFIRUNENDE19REINUUSIN AN TEUNUS

19. @1691n Carbon Capture fii1gn3UUN15 Methanol Synthesis aziinsAuanUTanaus CO, Wity wagUsinainae

WnthgnszuIuns Electrolysis

20. Working Capital Cost wiffu 15% w84 Total Capital Cost iiefurasdiu factor 9216 1.18 w84 Fixed Capital Investment

(Um)

21, ynmsieTgazivinanslindanuananduan LNG 100 dusedilus

22. msthiavends e a1svenudunaimasifu wag R290 ﬁa&ﬂui’g%’ﬂi ulusIAvIeduUnsngas (Salvage Value,

Sa) veansEUIUNTIL q dleauszeziavedasimshdil 25
felumsUszanudununisamuiiodensiauuigiuasndnns Tnedadsanudnnis wilsde Analysis, Synthesis,

and Design of Chemical Processes, Third Edition® Wag Chemical Engineering Design® $7uv1431n Appendix. C ﬁﬁmi@a

WInvesEslusdazgUnsal
E.2 N131MUATIANYE9TNGAU 613 UazAI919UI9eU

NTIATIERAUNUNITNER (The Cost of Manufacturing) N13UseLliuAUNUNITHER Inefunun1sHanlauTId (The Cost
of Manufacturing, COM) gnuusaaniliu 3 Uszuan leun siuvun1sudnyniemse (Total Direct Manufacturing Costs, DME) fuyju

nsNARAT (Total Fixed Manufacturing Costs, FMC) LLazﬁuVJuﬂ’l‘iwaﬂﬂﬂﬁ'ﬂﬂ (Total General Manufacturing Costs, GE)

v a

1. AUUMITHANNIATE Usznaueie aunuingdu (Total Raw Material Cost, Cgy) AUYU @151384ULAR (Total Utility

£ o

Cost, Cyp) UVIUUY

q

a

1Unvaade (Waste Treatment Cost, Cyr) AN A1ksIAuauAtglun1sadunssuIunis (Operating Labor
cost, Cop) AfiEnmalnensauazniinIu AgeuUnge AUSNIINNITATINEBUANNINYBINEN ST
2. AUNUNITHAAAIT UTenoumeaLdousInn MEveadu Useiu wagA1usn1sdesnuignuasnin son1saiuy

NTZUIUNITNITHER
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3. fununsuanlaeyialy Usznousie dunudmiunisuivng wu Suidiou Aanssusing o MAnan n1sdanis mue
KAZNIFALLIUNITVRINITUINNS
Raw Material ~ tmgia lalilaldaned sy
Demin Water 111U 60 Baht/m?
Utility Il wihifu 3.5 Baht/kW*h
Cold Energy Utilization tv1Au 10 Baht/ton LNG
Propane Refrigerant 11U 25  Baht/kg (52uAU Capital Cost)
dmdewdu (Cooling Water) wartihuszi wihifu 20 Baht/m? (sauffu Capital Cost)
Labor Andnanuau aefinmsanmusaduiu Taed 1 Suagiheu 8 vu. uwazdalug 37.5 Uiz

[
[

fatiu Ty 1 U 9gds1an windu 109,500 UMsaAY @9 b 1 JUALLAUIUTILA 3 AU

%

Adimnsigualasins sgfinsnAusadudiou Ae 20,000 vw/foul2s)
et Tu 1 9 9edlsnen wihdu 240,000 UNNHDAY
E.3 dasmsuaniufeuanaiiy
Tunsfunmagd 3 analiu o um gls uay reaanfansy lasaldanaumduiiugrunisdunniome dafu Fainng
fvundsmsuaniasu fe 1 neaansansy Wity 32.81 U129 wag 1 gls Wity 37.77 U127 o Yufl 8 Aueneu 2564
E.4 m3funaSinamsunvesdsnaaisy (Refrigerant)
nMstuuzanlang fo vouvardiauiogd 3-6 m/s uazufansdaudiogd 15-20 m/s Gedinisfmualivioldd
Foein Inslvavesansvdeunasaim ?Nﬁﬂiﬂswﬁ’uﬁunmaa@unuﬁgﬂwm (Total Capital Cost) kagAuInAIUFesnE Y

1 = 5 o =1 d’l
wiazl tnetunaulunisAIul A9l

1. Aaanusigaaanisluieiansyhanuuanunsalvald degudiuans

V. =_¢
Jpm
where:
Vi = fluid erosional velocity, feet/second
¢ = empirical constant

pm = gas/liquid mixture density at flowing
pressure and temperature, |bs/ft?

Ul E.1 msduiunnuiigsgavesansvaeiiu luanuzvoanauazuial’?
Tulassnsfunssidunmsuuuresasianuiuisoraiamstiansould fufu C wiidy 125 Tasarumuuiugesi
vaeldunay Propane luusiazanevziiieuanis §94819890191nN15AWINANLENNTS Peng-Robinson! 1% Mniuaziinmsimue
anualrisnienuiigeiiazlliiofinnisuandin viethge
2. mafundusiuguénanavemieazlinaiagimnzay fe arsvienanduiiidu R290 w3e Propane ldvie 304-
Stainless Steel uay indeiuldviayinatn Aluminum 91489MUVUINNINTFIU Schedule 40747 Lagn13AMUARILEIINID

9211910 Plot Plan 7l@fin15319ns2uuns e
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3. §nsnnsinaleey3uasiiideyaunain ASPEN HYSYS uarlunisiuimanuisivesvesinas fie Velocity (m/s) =

[

Volume Flow Rate (m?/s) / Area Pipe (m?) #snisauiaminuiiivesuia fail

v, = GOde T

where: i

= gas velocity, feet/second.

= pipe inside diameter, inches.

= flow rate, million cubic fee at
ﬁ'} psia and 60°F). " ey ¢

= operating temperature, °R

= operating pressure, psia

NS oo e <

= pomp.ressibilitgof:ctor (Refer to GPSA
ngineering Data k)

Ul E.2 msduueaiwesidlunmsivalusie
a. Mwnanariiansivaruluusazvielns Time (sec) = Length (m) / Velocity (m/s) wardnsnnisivalaeanadiansvh
anuulwariuifeyan1ain ASPEN HYSYS fathu Mass Refrigerant (kg) = Mass Flow Rate (kg/s) x Time (sec)
E.5 ”Lumwi"lu'smﬂ"flﬂ’fa"]waaqﬂnizﬁﬁywm (Total Purchase Equipment Cost), ﬁ'unuﬂqﬁ (Fixed Capital Cost),
Anld3elunseliuaunanun (Total Operating Cost) LLazﬁ'uvguﬂlaaﬁuvguﬁg\mm (Total Capital Cost) azdl Factor
#1499 iqmﬁ'ﬂmsﬁqmmmugﬂﬁmdw Fail

£4 o U

agUsegunsaiaztsvendunuiinededdiidmsugunsainfousnlddrsdmsunstinns gunsal nsUszanme
gunsalazdsrasensUszanufuunsamuisududeslddmivEudulasins Wosnduumsasudunsuszanuelagld
ms&amﬁgmﬁmmmﬂswmqﬂﬂszﬁ msa‘a“mﬁwaqﬂmmqﬂmajwszhaﬁamimLﬁaﬂﬁuﬁm%’ummmmzaﬂuﬁuﬂqumiamu
deiSsuiiisuiu Usnamagseuan el

N15Us8LiiuT1AUN Tl i lAna19INN1580N L UUNTEUIUNITNIGATNITNAABINTBNIT §188INTEUIUNSATIATIEY
amgmasiiunszuaunaedfiongay WeldldaunmuasUinuresansurinudomns mndudarhsusunenisgunsal
figoanislunszuiunisuasduin eenuuuanaNTAvesUnsaifineaeusuiu amznisiuiunssuiunnailuusasduneunas

anansasniunszuiumsialimeanulasasie il nsussdiusiagunsalasiuegiunsesnuuu nseuiunsiiaza1Iens

AMRUNTTUIUN AL ULARETUR DU

¥
1

NsAUANTIANEUNTAIANN 9 S1AN¥TuRgiulaT faun1si E.1 ileinaluieluwsasd lusigauatuiazdasivil
59A183 Chemical Engineering Plant Cost (CEPCI) Tnan1s1ssatisiniluinazUazianslu Appendix E.1 #3Hn15Uszu1a51a7

gunsal wae @19ANaLen98a CEPC Winfiu 686.7 AU 2564-2565 1123

Cbase time __ CEPCIbase time
C2021  CEPCI2021

E.l

Tnsunasiunvessaduyugunsalazdnnalngendenumdnms 2 vdnnsuvsuenduaud lenanlunsasunis
Aasgvinsamu loua
E.5.1 Regasification, Carbon Capture, Organic Rankine Cycle a2 Cooling Data Center
mMsUszanufunuagUnsallud 2014 axldndnmsdinaainauniseng o wagAasissdanugududans Tasuen

Jumsdnnamuaunsusazgunsal (CJB>12 il
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Pump A9 C, = 3540 x WOt

ORC Turbine 9 C, = 7450 x W7

Condenser, Heater, LNG Heat Exchanger Ao C, = 3 x 130 x (A/0.093)°78
Compressor A8 C, = 39.5 x m / (0.9-0.89) x 1.5 x (n(1.5)

lne?l C. Ao 91Av03gUnInl (USD) wiazUsznn, W Ao auiigunsaliumin (kW), m fe dnsinisivalaeuda (ke/s), A

o &4 caa vL 1 2
AD WUNVDIQUNIUNNNITINAHIUTDIAT (M?)

Item Fluids
1. Major equipment, total purchase cost Ce
fer Equipment erection 0.3
f» Piping 0.8
fi Instrumentation and control 0.3
fr Electrical 0.2
f. Civil 0.3
f; Structures and buildings 0.2
fi Lagging and paint 0.1
ISBL cost C = XC, x 3.3
Offsites (08) 0.3
Design and Engineering (D&E) 0.3
Contingency (X) 0.1
Total fixed capital cost Cpe: = C(1 + OS)(1 + DE + X)
Cx 1.82

30, x 6.00

gﬂﬁ E.3 Factor lun1sAiuiad Project Fixed Capital Cost!8®!

Material

-
3

Carbon steel

~

Aluminum and bronze
Cast steel

304 stainless steel

316 stainless steel

321 stainless steel
Hastelloy C

Monel

Nickel and Inconel

Yanbhhihwwm oo
2R

5UN E.4 Factor lumsiuinsanildvesgunsel®

Tneagld Factor @9 Aluminum thunewiadluaieninisluavesivasidunduaisinanudulunszuiunislyaing

wfuwn Data Center wana1ntuazld 304 Stainless Steel ¥UNAIUIN WaztilpaInTanInuan uAILUaanfe99luLs 9909

gaumlinasAUAUYDINTTUIUNT tnevawn (Flare) 9xldiluTan Graphite Fudien factor winfiu 2.0 159 saumsaunisfiaguinan

AR ISBL (Inside Battery Limits) Plant Costs lag C ; unu MAvesgUnTaiusazieios (L) Ao

C=3Z A+ fp)fmt+ GFor+ fa+ it fotfs +1D)Cey E.2

NTUIL ISBL 1AuId Fixed Capital Investment (FCI) mugﬂﬁ E.2 uazazdin1sniuum Working Capital

Cost #m 15% wes Total Capital Cost winunanwwdu Factor aglaaunis il

x = 0.15y WAy y = x + z 91§ y = 0.15y + 7 fatiu y = 2/0.85 = 1.187

X W Working Capital Cost, y knu Total Capital Cost kay z wnu Fixed Capital Investment agtiu Total

Capital Cost WU 1.18*Fixed Capital Investment
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n15AUIR Total Operating Cost Windy fuvuRuLUs (Variable Production Costs) 53uiu fiununsi (Fixed
Costs)

E.5.2 Carbon Capture ¥

#n19A1u Total Capital Cost Lvi1fu 1,800,000 USD leuag Total Operating Cost 1INAUSa8ay 7.5 U09
Total Operating Cost tnadisliisiufuusunameslninild Tne Separator T-101 Tunszurunisanduaisuenu finnsld
w&aelnidin 0.705 kW deUSinaiianunsasniuldvesmandndiuaisemeausn (Bottom) I Taedn98391n Sun uax
Az’

E.5.3 Methanol Synthesis s7ums Purification ¥a4 Methanol ©*

#n1sAuaad Total Capital Cost AU 55,000,000 USD wag Total Operating Cost 111y 1.5 USD siadlaniuves
wueaiansondnld Farumavesiusafitenild Ao Cu/zno/ALOSY msidauarnsasusnssUfAzeitengnis
Tau 8 VB YSunw 1,459.41 Alansule” mmﬁu’ammi%ﬂmﬁu q fnnsldndanulngi 2.83 kw deuSinanuniueadianunse
wanlee esnndnislindseiliihluadedianudou veusn sutueiesuinsal
E.5.4 Electrolysis of Water **!

#in13A1u3a Total Capital Cost Wiy 30,000,000 gls 6‘5@%3’3mimmqﬂmmﬂuﬂmwﬂﬁﬂ (H,0) AuwhaeenBLau (O,)
13UUTYLAD LAy Total Operating Cost AgLv1AUI8ay 25 994 Total Capital Cost %aiammwaﬂmiﬁﬁmqﬂmniﬁi%‘lu
nsvuIunTs fe enaniudsulusnou (Membrane) fldlunisuansives Snitaitofinussansnwnisuandavesin Tuileds
uAlya (Cathode) azfifisaUfiizen (Catalyst) #o Platinum Black High Surface Area (HSA) ihudissUfRzeniifinnandavdgs
yllauudsuluanawdostost Tuflstauelun (Anode) agiidusaufiten Ao rdium Black axdudusefisendifiiuiiaag
waznunul’ Geaediongnisléo whiu 70,000 4alue USum 000179 Alansu®! wazduelnaduwnaniiy daueluaidy
sfleneanlys (RUO,) (Ruthenium Dioxide) mmnsmm&am‘ﬁ'mmwzﬁmaﬁw%’wémasﬁ?ulﬁﬁawmmqm{tﬁi’hm (Salvage
Value, Sa) LLazé’ﬂlﬁimmwmmaqﬁwﬁLﬂui’mqﬁu (Raw Material) Snsldndsaulniin 11.777 MW defuveamvusadianuisa
naeld esmniinsldnganulnilumsilidiuinnisuansdudasurutalelnusasiaoondiou
E.5.5 Flare &Y

in13Auiad Total Capital Cost LU 11,000,000 USD Waz Total operating cost iinfusaeay 21 was Total capital
cost \flpanndesiimalainissegnasaiandsiinsfndliuaznisdontngs Feiisnnisivanisinaiisesiuldunnnindnoy
asvianuiuvesiun Weunnauufigiumuiisiue Snislindanulaih 6.73 kw deduvessnsnsinalasnavesansvin
auSuitanansalnaniuld esniinsdidununaen 24 $2lue ierruvasadevenssuiuns

Tunszurunsinduandueu (Carbon Capture) NT¥UIUNITHARNLAZYINTUSANSIUMILDA (Methanol Synthesis and
Purification) nszurunsoEnnsladaveni (Electrolysis of Water) uazvew (Flare) fin1sfinunsia1audneda@4581ed g

¥

lunszurun1saenana 4n1sAn Total Capital Cost 91N9IUATBMIAUNTENUFIU LTDI91NORTINTINAVDIAIIAIFUVDIUITY

3

(9

JURNDR9R1N151av09815899UTuTAsINS Tnelunsdlfinen 1-10 AziinnsAnisuNuNnNaNnIs E.3 sl
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Total Capital Cost Original (As Original)0'6 cs

Total Capital Cost Process ~ \ 4s Process

Tnglumseuanm Total Capital Cost muaun1si £.3 sziinsiflousasdnaasammsinavesasssiudiouiures
ﬂsiﬁﬁugmLﬁamé’miwmimmaqﬁuﬁﬂizmumiﬂ?u q Snvaldnseuamuannsitléfmualiann Assumptions E.1 lunns
Ainneimaasugenansiiiolildagunsalmuildimualuaunigiil Ende
E.6 51A1v0HARANA Tiansondnld Ao

CO, H91A1 2.0 USD/kg!®? Jaiinfiu 65.62 Baht/kg

Tl Wiy 3.5 Baht/kW*h

Methanol #31A1 1.5 USD/kg!!® Jauinfiu 49.22 Baht/kg

0, #137A1 2.0 USD/kg!¥ Jauinfiu 65.62 Baht/kg

Demin Water 11U 60 Baht/m?®

Steam 111U 4.03 Baht/kg!%”!

M3fans1eliann Cooling Data Center agldsanlniilunsduans Tnednain kw fiaunsondals Inelunszuiunis
uanluiAe T TnsussAuansdun3d (Organic Rankine Cycle - ORC) dnsldnasauanuduainasviannudu de R290 w3
Propane Fsldfimstmundeyaluutazanemiloutunssuiunsliarubuiy Data Center fatfu TunsAnmel@isldils
fundarulniifinszuiunis Cooling Data Center a1snsandnld waznisaianisalaudeants CO, lueuiandiaindnsinis
dulmadsasiiaudesnis 7,000 Mg/yearqumm%ﬂﬁmﬂ%aﬁu 9113 lavie uazede (Judiy &7 Fauielmftomonening
Foensaziinsfuianisaseenaes CO, Andu 30% vasUSunamnudesnisiunain snisluduilmdeseuds co, Tuds
NSrUILNIAALMILEA (Methanol Synthesis) it liinAnSaeifivarnvatsasnudvnsvesgramnssuangsdu ae

USunaumnudesnsvesumueatuUsenelne it 2565 fie 450.91 Gg /yearl
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E.7 292819n15AU

E.7.1 n3al Regasification

P-101  LNG_2

gﬂ‘ﬁ E.5 Regasification Process Ingaglaidu Open Rack Vaporizer Regasification

E.7.1.1 Aldderiauaiuingauildnmun dussauny siuiiassyulaaciig 9 del

M19199 E.1 Arldgrianuainuingaunldnamun Ausenuny sumsansisaulansiig 9

List Quantity Cost (Baht) Per Year
Utility Electricity 1,843.49 kW 56,521,369.51
Cold Energy Utilization 100 ton of LNG/h 8,760,000
Labor LV1 37.5 Baht/h 109,500
Labor LV2 37.5 Baht/h 109,500
Labor LV3 37.5 Baht/h 109,500
Supervision 1 20,000 Baht/month 240,000

E.7.1.2 Agunsaliid

o
U o

APNYNVIURA

151971 E.2 mqﬂﬂsajﬁﬁméﬁﬁgwm
List Equipment Cost [USD] Equipment Cost [Baht] Duty (kw) Area (m?)
P-101 317,127 10,404,934.71 561.85
TK-101 601,300 19,728,653.00
E-101 60,871 1,997,165.14 5
P-102 569,531 18,686,303.15 1,281.64
Total 1,548,828 50,817,056.00

nnewin V-100 Wudufvvesunaidsldsiamalusunsy Aspen HYSYS fiduiails dsasiisnaduiuusunawes LNG fatiuds

Lol (DS VIV

919997 2564

E.7.1.3 evgunsaiviaviunlunseuiuns lusanvest 2564-2565

M1319% E.3 Agunsalviavualunssuiuns lusiavest 2564-2565

List Equipment Cost [Baht] Year Chemical Engineering Plant Cost Index
P-101 12,402,479.89 2014 576.1
TK-101 19,728,653.00 2021 686.7
E-101 2,380,582.02 2014 576.1
P-102 22,273,710.08 2014 576.1
Total 60,572,942.81 Baht
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1%
g

E7.14 Piﬂ%'ﬁhSéuadqﬂﬂiajﬁaﬂmmwmm (Total Purchase Equipment Cost)

Qe

[V 7]
Y

15197 E.4 ﬁ'ﬂ%’ﬁhamamﬂmaﬁﬁﬁmmmmm (Total Purchase Equipment Cost)

Equipment | Material Cost Piping Cost Instrument Electrical Cost Structures Lagging and | Equipment Civil Cost Total
(Baht) (Baht) and Control (Baht) and Building | Paint Cost | Erection Cost (Baht) Purchase
Cost Cost (Baht) (Baht) Equipment

(Baht) (Baht) Cost

(Baht)
P-101 16,123,223.85 12,898,579.08 | 3,720,743.97 2,480,495.98 | 2,480,495.98 | 1,240,247.99 | 3,720,743.97 | 3,720,743.97 | 46,385,274.78
TK-101 25,647,248.90 20,517,799.12 | 5,918,595.90 3,945,730.60 | 3,945,730.60 | 1,972,865.30 | 5,918,595.90 | 5,918,595.90 | 73,785,162.22
E-101 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
P-102 28,955,823.10 23,164,658.48 | 6,682,113.02 4,454,742.02 | 4,454,742.02 | 2,227,371.01 | 6,682,113.02 | 6,682,113.02 | 83,303,675.69
Total 78,744,826.48 62,995,861.98 | 18,171,883.40 12,114,589.00 | 12,114,589.00 | 6,057,294.50 | 18,171,883.50 | 18,171,883.50 | 226,542,806.45

E.7.15 ﬁunu%ﬁﬁunuﬁwm (Total Capital Cost)

M1319% E.5 fuyuvaeiuuianan (Total Capital Cost)

List Cost

Cost (Baht)

Total Fixed Capital Cost 1,274,264,936.65

Working Capital 229,367,688.60

Total Capital Cost 1,503,632,625.25




E.7.1.6 alganslunisaniusunsnun (Total operating cost)

A15199 E.6 aldanglunisdniiunuiisnun (Total Operating Cost)

List Cost List Cost Cost (Baht/yr)
Operating Labor 328,500
Variable Production Operating Supervision 240,000
Costs Utilities 65,281,370
Maintenance and Repairing 10,618,874
Land 100,000
Total Variable Production Costs 71,651,543
Fixed Costs Depreciation (d,) 6,796,080
Total Operating Cost 83,364,824

E.7.1.7 waannnsAuinvesyandagiy

a

q

ans (Net Present Value: NPV)

Aus1eU (Annual Value: AW), 895 HanaULny

147

(Internal Rate of Retumn: IRR) ag sreziiaAuyu (Payback Period) {99970 Regasification lifisneldna NPV uaz AW Fadl

AFRaU YlAliau15av IRR way Payback Period 16

15197 E.7 nans@1wans NPV AW IRR uaz Payback Period

NPV -2,246,896,857 Baht

AW 247,536,295 Baht/yr

IRR - %
Payback Period - yr
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v

E.7.2 nmiﬁugfm (Base Case)

;8
- H
a5

UM E.6 N3¥UMN1TVRINTENUZIU Base Case
E.7.2.1 elddeviauasuingauildnimun Aussauny siuisassyulanciig 9 il

M1519% E.8 Arldgrianuainuingaunldnanun Asenuny saunsanssaulansing 9

List Quantity Cost (Baht) Per Year

Raw Material 60 Baht/m’ 183,433
Electricity 3.5 Baht/kW*h 738,450,800
Utility Water 20 Baht/m’ 24,026,236
Cold Energy Utilization 100 ton of LNG/h 8,760,000
Labor LV1 37.5 Baht/h 109,500
Labor LV2 37.5 Baht/h 109,500
Labor LV3 37.5 Baht/h 109,500
Supervision 1 20,000 Baht/month 240,000

E.7.2.2 Agunsallunssuiunisiaviun

M1319% E.9 Argunsallunszuiunsnviun

Process List Equipment Cost Equipment Cost Duty (kW) R Area Mass Flow
[USD] [Baht] (m?) (kg/s)

Carbon Capture E-101 60,870.62 1,997,165.14 60.32
E-102 60,870.62 1,997,165.14 60.32
E-103 60,870.62 1,997,165.14 60.32
C-101 10,885.10 357,140.29 1.5 5.50
T-101 67,979.27 2,230,400.00

Organic Rankine P-201 51,280.91 1,682,526.66 43.17

Cycle (ORC) C-201 1,427,127.01 46,824,037.10 3,008.21

E-201 60,870.62 1,997,165.14 60.32
E-202 60,870.62 1,997,165.14 60.32
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H-201 60,870.62 1,997,165.14 60.32
Cooling Data E-301 60,870.62 1,997,165.14 60.32
Center E-302 60,870.62 1,997,165.14 60.32
E-303 60,870.62 1,997,165.14 60.32
E-304 60,870.62 1,997,165.14 60.32
P-301 11,427.66 374,941.52 5.21
H-301 60,870.62 1,997,165.14 60.32
Flare 37,785.98 1,239,758.00
Electrolysis of Water 1333,177.57 42,795,000.00
Methanol Synthesis and 2,076,609.27 68,133,550.00
Purification
E7.23 ﬁhqﬂﬂiaﬁwmiuﬂizmumﬁ Tusinvesd 2564-2565
m39ft E.10 Agunsalfiauslunszuaums Tuseaesd 2564-2565
Process List Equipment Cost Year Chemical Engineering
[Baht] Plant Cost Index
Carbon Capture E-101 2,380,582.02 2557 576.1
E-102 2,380,582.02 2557 576.1
E-103 2,380,582.02 2557 576.1
c-101 516,932.03 2557 576.1
T-101 2,230,400.00 2557 686.7
Organic Rankine Cycle P-201 2,005,539.01 2557 576.1
(ORQO) C-201 64,288,722.08 2557 576.1
E-202 2,380,582.02 2557 576.1
E-201 2,380,582.02 2557 576.1
H-201 2,380,582.02 2557 576.1
Cooling Data Center E-301 2,380,582.02 2557 576.1
E-302 2,380,582.02 2557 576.1
E-303 2,380,582.02 2557 576.1
E-304 2,380,582.02 2557 576.1
P-301 446,923.15 2557 576.1
H-301 2,380,582.02 2557 576.1
Flare 1,239,758.00 2564 686.7
Electrolysis of Water 42,795,000.00 2564 686.7
Methanol Synthesis and Purification 68,133,550.00 2564 686.7
Total 207,843,226.50 Baht




E.7.2.4 Alga18999n158n

M19197 E.11 Anldanevesnsinasgunsaiviavian (Total Purchase Equipment Cost)

1%
U

7199

1%

Unsalviavun (Total Purchase Equipment Cost)
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Equipment Material Cost Piping Cost Instrument and Electrical Cost Structures and Lagging and Equipment Civil Cost Total Purchase
(Baht) (Baht) Control Cost (Baht) Building Cost Paint Cost Erection Cost (Baht) Equipment Cost
(Baht) (Baht) (Baht) (Baht) (Baht)
E-101 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
E-102 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
E-103 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
C-101 672,011.64 537,609.31 155,079.61 103,386.41 103,386.41 51,693.20 155,079.61 155,079.61 1,933,325.81
T-101 2,899,520.00 2,319,616.00 669,120.00 446,080.00 446,080.00 223,040.00 669,120.00 669,120.00 8,341,696.00
P-201 2,607,200.72 2,085,760.57 601,661.70 401,107.80 401,107.80 200,553.90 601,661.70 601,661.70 7,500,715.91
C-201 83,575,338.71 66,860,270.96 19,286,616.62 12,857,744.42 12,857,744.42 6,428,872.21 19,286,616.62 | 19,286,616.62 240,439,820.61
E-201 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
E-202 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
E-203 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
E-301 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
E-302 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
E-303 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
E-304 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
P-301 478,207.77 382,566.22 134,076.94 89,384.63 89,384.63 44,692.31 134,076.94 134,076.94 1,486,466.393
H-301 3,094,756.63 2,475,805.30 714,174.61 476,116.40 476,116.40 238,058.20 714,174.61 714,174.61 8,903,376.76
Flare 2,479,516.00 1,983,612.80 371,927.40 247,951.60 247,951.60 123,975.80 371,927.40 371,927.40 6,198,790.00
Methanol Synthesis
and Purification 88,573,615.00 70,858,892.00 20,440,065.00 13,626,710.00 13,626,710.00 6,813,355.00 20,440,065.00 | 20,440,065.00 254,819,477.00
Electrolysis of Water 55,633,500.00 44,506,800.00 12,838,500.00 8,559,000.00 8,559,000.00 4,279,500.00 12,838,500.00 | 12,838,500.00 160,053,300.00
Total 268,771,097.27 215,016,877.82 62,352,967.95 41,568,645.30 41,568,645.30 20,784,322.65 62,352,967.95 | 62,352,967.95 774,768,492.19
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E.7.2.5 fuvuuealuyuvianan (Total Capital Cost)

¥ o
o a

lunsmuiaazih Propane uaziiilu Refrigerant Wnlusauriu Capital Cost TulnEulasenis wag AnAn Maintenance TuwsazUnae nenanu
WuvesmasduLay Propane 61983119 InNNSAIANINENNNT Peng-Robinson!? sauvisdurinugudnananigluie §1983mnu Schedule 40747
Yoeianeng 9 Minldluwdagnszuiunis

= a2 [ [ &
A13199 E.12 UYSHaUlas51A1U89d15M AU UV AUA

Refrigerant | Process | Stream Phase Density Density | Velocity Velocity Inner Inner Flow Rate Velocity Length | Time 1 Mass Total
(kg/m3) | (Ibs/ft3) (ft/s) (m/s) Diameter | Diameter (m3/h) (m/s) Pipe Loop Flow Mass
Cal Max Cal Max (ins) (m) (m) (s) Rate (kg)
(kg/s)
Propane ORC 54 Liquid 574.88 35.89 20.87 6.36 6.065 0.15 204.30 3.87 28.50 7.36 28.74 556.53
55 Liquid 575.53 35.93 20.85 6.36 6.065 0.15 204.30 3.87 22.28 5.75 28.74
58 Gas 16.07 1.00 124.80 38.04 15.250 0.39 6,416.61 15.10 22.28 1.48 28.74
59 Gas 2.50 0.16 316.35 96.42 35.250 0.90 41,354.61 18.22 28.50 1.56 28.74
60 Liquid 500.21 31.23 22.37 6.82 6.065 0.15 204.30 3.87 12.45 3.21 28.74
Data 62 Liquid 8.47 0.53 171.87 52.39 10.020 0.25 2,387.27 13.02 42.66 3.28 5.62 70.90
center 61 Gas 536.90 3352 21.59 6.58 2.469 0.06 39.92 4.57 42.66 9.34 5.62
Water Data 68 Liquid 987.63 61.66 1592 4.85 5.047 0.13 119.20 3.26 28.48 8.73 33.05 1,189.60
center 69 Liquid 1,009.48 63.02 15.75 4.80 5.047 0.13 119.20 3.26 25.35 7.77 33.05
63 Liquid 1,022.20 63.81 15.65 4.77 5.047 0.13 119.20 3.26 38.50 11.80 33.05
66 Liquid 1,014.84 63.35 15.70 4.79 5.047 0.13 119.20 3.26 12.58 3.85 33.05
67 Liquid 1,014.87 63.36 15.70 4.79 5.047 0.13 119.20 3.26 12.58 3.85 33.05
a5197 E.13 Anngvesansianubulunizuia
Stream Temperature (°R) Pressure (psia) Qg (MMSC) z
58 627.00 137.09 47.02 0.9743166
59 501.58 18.56 47.02 0.8929316
61 494.21 58.02 9.19 0.9125311




15197 E.14 funuvesiiunusionnn (Total Capital Cost)

List Cost Cost (Baht)
Total Fixed Capital Cost 4,639,519,511
Working Capital 835,113,512
Total Capital Cost Include Refrigerant 5,474,648,732

E.7.2.6 aldanelunisaiusunisvun (Total Operating Cost)

a15197 E.15 anldinelunsiifiuauianun (Total Operating Cost)

List Cost List Cost Cost (Baht/yr)
Variable Production Raw Material 183,433
Costs Operating Labor 328,500
Operating Supervision 240,000
Utilities 771,237,036
Maintenance and Repairing 17,268,547
Land 2,000,000
Fixed Costs Depreciation 24,792,592
Operating Cost of Carbon Capture 4,429,350
Operating Cost of Methanol Synthesis and Purification 777,653,507
Operating Cost of Electrolysis of Water 283,275,000
Operating Cost of Flare 6,890,100

Total Operating Cost

1,874,556,840

E.7.2.7 an39agusnesuannmsvienaniasiiavunindnlavesnsdlitugu

[
(% g

o
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Tunszuiunisinisinialsannssuiunsuann usakaznszuIunsyinliinusansi luldselunseuiuni8.18n

Insla@avesin (Electrolysis) Warn15LENYBINTFUIUNITANTUATSUBU (Carbon Capture) setui sl ludruiunaady

5195Up94lATINT Felun1s19aziinsiansualudiuiinig 1Ue991nAIN1TNATUINERTNYISIN (By Product) Aae

A15199 E.16 5791 AU0INan A ane

Product

Production

Revenue (Baht/yr)

Carbon Dioxide

2,089.09 ton/year

137,086,355.40

Overall Electricity Production

26,351.99 MW/year

92,231,960.31

Cold Energy

15,370.36 MW/year

92,568,271.69

Steam 36,509.48 ton/year 147,133,189.50
Methanol 15,801.15 ton/year 777,653,507.00
Demin Water 23,607.22 ton/year 1,416,433.23

Oxygen

23,701.72 ton/year

1,555,307,014.00
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E.7.2.8 na91nn13A1uInvesdar1daadugns (Net Present Value: NPV) A1dus188 (Annual Value: AW) 8asinanauuwny
(Internal Rate of Return: IRR) Wag s¥&zlIa1AunU (DPBP, Discounted Pay Back Period) {99910 Regasification lufiseléua
NPV way AW 3sdlmdnau vilslaianunsam IRR way Payback Period 161

A15197 E.17 nan1séuins NPV AW IRR uae Payback Period

NPV 2,957,912,716 Baht

AW 325,867,542 Baht/yr

IRR 16.6 %
Payback Period 10 yr

E.7.3 A1519AU2UNseaRunavuludlssseziiainiulasenis 25 U
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Year Cash Flow (Baht/yr) Cum. Cash Flow PV Sum (PV)
Expense Income Total (Baht/yr) (Baht/yr) (Baht/yr)

0 5,474,648,732 - -5,474,648,732 -5,474,648,732 -5,474,648,732 -5,474,648,732
1 1,874,556,840 | 2,801,980,298 927,423,458 -4,547,225,274 843,112,235 -4,631,536,498
2 1,874,556,840 | 2,801,980,298 927,423,458 -3,619,801,816 766,465,668 -3,865,070,830
3 1,874,556,840 | 2,801,980,298 927,423,458 -2,692,378,358 696,786,971 -3,168,283,859
4 1,874,556,840 | 2,801,980,298 927,423,458 -1,764,954,900 633,442,701 -2,534,841,159
5 1,874,556,840 | 2,801,980,298 927,423,458 -837,531,442 575,857,001 -1,958,984,158
6 1,874,556,840 | 2,801,980,298 927,423,458 89,892,016 523,506,364 -1,435,477,794
7 1,874,556,840 | 2,801,980,298 927,423,458 1,017,315,474 475,914,877 -959,562,917

8 1,874,556,840 | 2,801,980,298 927,423,458 1,944,738,932 432,649,888 -526,913,030

9 1,874,556,840 | 2,801,980,298 927,423,458 2,872,162,390 393,318,080 -133,594,950

10 1,874,556,840 | 2,801,980,298 927,423,458 3,799,585,848 357,561,891 223,966,941

11 1,874,556,840 | 2,801,980,298 927,423,458 4,727,009,306 325,056,264 549,023,205

12 1,874,556,840 | 2,801,980,298 927,423,458 5,654,432, 764 295,505,695 844,528,900

13 1,874,556,840 | 2,801,980,298 927,423,458 6,581,856,222 268,641,541 1,113,170,441
14 1,874,556,840 | 2,801,980,298 927,423,458 7,509,279,680 244,219,582 1,357,390,023
15 1,874,556,840 | 2,801,980,298 927,423,458 8,436,703,138 222,017,802 1,579,407,825
16 1,874,556,840 | 2,801,980,298 927,423,458 9,364,126,596 201,834,366 1,781,242,191
17 1,874,556,840 | 2,801,980,298 927,423,458 10,291,550,054 183,485,787 1,964,727,978
18 1,874,556,840 | 2,801,980,298 927,423,458 11,218,973,512 166,805,261 2,131,533,239
19 1,874,556,840 | 2,801,980,298 927,423,458 12,146,396,970 151,641,146 2,283,174,385
20 1,874,556,840 | 2,801,980,298 927,423,458 13,073,820,428 137,855,588 2,421,029,973
21 1,874,556,840 | 2,801,980,298 927,423,458 14,001,243,886 125,323,261 2,546,353,234
22 1,874,556,840 | 2,801,980,298 927,423,458 14,928,667,344 113,930,238 2,660,283,472
23 1,874,556,840 | 2,801,980,298 927,423,458 15,856,090,802 103,572,943 2,7163,856,415
24 1,874,556,840 | 2,801,980,298 927,423,458 16,783,514,260 94,157,221 2,858,013,636
25 1,874,556,840 | 2,956,933,996 1,082,377,156 17,865,891,416 99,899,080 2,957,912,716
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1. uAasTIuAa) 930 LNG (Liquefied Natural Gas) &

&) Safety Data Sheet:
& Liquefied Natural Gas (LNG)

| section 1: Identification |

Product Name: Liquefied Natural Gas

5D5 Number: 2015001

Synonyms/Other Means of Identification: LNG, Liquid Methane, Natural Gas
Refrigerated Liquid

Intended Use: Fuel

Manufacturer: Philadelphia Gas Works (PGW)

800 W. Montgomery Avenue
Philadelphia, Pennsylvania 19122
{215) 684-6774

Emergency Health and Safety Mumber: CHEMTREC: {200) 424-3200
Manufacturer Health and Safety Contact: PGW Safety Manager: (215) 684-6554
Manufacturer Technical Information Contact: PGW Chemical Services: (215) 7874850

Section 2: Hazard(s) Identification

Classification/Hazard Category
Flammable Gases — Category 1
Gasses Under Pressure — Refrigerated Liquefied Gas

Note: Under the United Nations Globally Harmonized System of Classification and Labeling of
Chemicals (GHS), the lower the hazard category number, the greater the hazard, and the higher
the hazard category number, the less severe the hazard.

Pictograms

SO

Signal Word
DANGER

Hazard Statements
Extremely flammable gas. (H220)*
Contains refrigerated gas; may cause cryogenic burns or injury. (H281)*

2015001 - Liquefied Natural Gas SDS US
Issue Date: 06/01/2015 Page 1of 11

Section 4: First-Aid Measures

Eye Contact: Contact with product may cause frostbite. In case of frostbite or freeze burns,
gently soak the eyes with cocl to lukewarm water. DO NOT WASH THE EYES WITH HOT WATER
[i.e. over 105°F). Open eyelids wide to allow liquid to evaporate. If the persen cannot tolerate
light, protect the eyes with a bandage or handkerchief. Do not introduce cintment into the
eyes without medical advice. Seek immediate medical attention.

Skin Contact: Contact with product may cause frostbite. In case of frostbite or freeze burns,
remove contaminated clothing and flush the affected area with cool to lukewarm water.
Immediately place frozen area in a circulating warm water bath or in flowing warm water (100
to 105 °F). DO NOT USE HOT WATER (i.e. over 105°F) OR DRY HEAT. Sesk immediate medical
attention if blistering, tissue freezing, or frostbite has occurred. Under no circumstances should
the frozen part be rubbed, sither before or after warming.

Inhalation [Breathing): Inhalation of large quantities of LNG vapors may cause central nervous
system depression with nausea, headache, dizziness, vomiting, and incoordination. LNG and
associated vaper is a simple asphyxiant and may cause loss of consciousness, serious injury, or
death by displacing air, thereby resulting in insufficient oxygen to support life. Prompt medical
attention is strongly recommended in all cases of inhalation overexposure. Rescue personnel
should be equipped with a self-contained breathing apparatus. Remove inhalation victims to
fresh air quickly. If inhalation victim is not breathing, ensure that their airways are open and
administer cardiopulmonary resuscitation (CPR). If necessary, have a trained person administer
air or oxygen once breathing is restored. Seek immediate medical treatment.

WARNING: The burning of any hydrocarbon as a fuel in an area without adeguate ventilation
may result in hazardous levels of combustion products, including carbon monoxide, and
inadeguate oxygen levels, which may cause loss of consciousness, serious injury, or death.

Ingestion (Swallowing): This material is a gas under atmospheric temperature and prassure
conditions and ingestion is unlikely. Seek immediate medical attention if material is ingested.

Section 5: Fire-Fighting Measures

Fire Fighting Instructions

LNG wvapors are extremely flammable and can be ignited by heat, sparks, flames, static
electricity, and other sources of ignition, such as pilot lights, mechanical/electrical equipment,
and electronic devices that are not intrinsically safe. Vapors may travel considerable distances
to a source of ignition where they can ignite, flash back, or explede. Vapors may accumulate in
confined spaces.

LMNG fires should not be extinguished unless the source of the leak can be stopped safely. In
mast cases, it is best to eliminate the source of the leak and allow the liquid to burn off. |sclate

2015001 - Liguefied Matural Gas SD5 Us
lssue Date: DE/01/2015 Page 3of11
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Hazardous Decomposition Products: Thermal decomposition products may include carbon
monoxide, carbon dioxide, smoke, and other toxic combustion products.

Hazardous Polymerization: Not known to occur.

Section 11: Toxicological Information

Inhalation: LNG vapors are not toxic; however, if LNG vapors escape and accumulate in a
confined area or if large amounts of LNG vapor are released as a result of a spill or leak, the LNG
vapors may displace air from the area and cause loss of consciousness, serious injury, or death.

Skin Absorption: Contact with liguefied or pressurized gas will cause severe frostbite, but
atherwise, this product is not expected to cause skin irritation.

Serious Eye Damage/Irritation: Contact with the liquefied or pressurized gas may cause eye
damage and swelling. Otherwise, this product is not expected to cause eye irritation.

Skin Corrosion/Irritation: Contact with liquefied or pressurized gas will cause severe frostbite,
but otherwise, this product is not expected to cause skin irritation.

Skin Sensitization: Skin contact should be avoided, and sensitization as a result of skin contact
is not expected.

Signs and Symptoms: Light hydrocarbon gases are simple asphyxiants and can cause anesthetic
effects at high concentrations. Symptoms of overexposure, which are reversible if exposure is
stopped, include shortness of breath, drowsiness, headaches, confusion, decreased
coordination, visual disturbances, and vomiting. Continued exposure can lead to hypoxia
(inadequate oxygen), rapid breathing, cyanosis (bluish discoloration of the skin), numbness of
the extremities, unconsciousness, and death.

Carcinogenicity: LNG is not expected to cause cancer. This substance is not listed as a
carcinogen by the International Agency for Research on Cancer (IARC), the Mational Toxicology
Program (NTP), or OSHA.

Section 12: Ecological Information |

Ecotoxicity: Petraleumn gases are volatile and rapid evaporation is expected from both land and
water.

Persistence and Degradability: Not expected to remain on land surface or water for any period.

Bioaccumulative Potential: No data available.

2015001 - Liguefied Natural Gas SDS Us
Issue Date: 06/01/2015 Page 8 of 11

CERCLA/SARA — Section 313 and 40 CER 372:

This material does mot contain any chemicals subject to the reporting requirements of SARA

313 and 40 CFR 372.

EPA [CERCLA) Reportable Quantity {in pounds):
EPA’s Petroleum Exclusion applies to this material (refer to CERCLA 101{14)).

C nia Proposition 65:

This material does not contain any chemicals which are known to the State of California to
cause cancer, birth defects, or other reproductive harm at concentrations that trigger the

warning requirements of California Proposition £5.

International Hazard Classification
WHMI5 Hazard Class:
A— Compressed Gas

Bl- Flammable Gases

National Chemical Inventories
All components are either listed on the TSCA Inventory, or are not regulated under TSCA.

United States Export Control Classification Number: EARSS

Abbreviations
- CERCLA: Comprehensive Environmental Response Compensation and Liability Act
- EPA: Environmental Protection Agency
- SARA: Superfund Amendments Reauthorization Act
- TPQ: Thresheld Planning Quantity
- TSCA: Toxic Substances Control Act
- WHMIS: Workplace Hazardous Materials Information System

| Section 16: Other Information

Mational Fire Protection Association (NFPA)*® 704 Hazard Rating
Health: 3 Flammability: 4 Instability: 0
[O-Minimal, 1-Slight, 2-Moderate, 3-5erious, 4-Severe)

Hazardous Material Identification System (HMIS}* Hazard RAtINE  yiquafied Natural Gas
Health: 3 Flammability: 4 Physical Hazard: 3
[0-Minimal, 1-Slight, 2-Moderate, 3-Serious, 4-Severe)

2015001 - Liquefied Natural Gas

Issue Date: 06/01/2015 Pzgs 10 0f 11
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2. R-290 (Propane)

@ NATIONAL REFRIGERANTS, INC.

R-290

R-290 PROPANE

@ NATIONAL REFRIGERANTS, INC.
R-290

FIRE FIGHTING INSTRUCTIONS:
CO,, dry chemicals, water spray, or fog. If imvolvad in fire, shut off flow immediately if it can be done without
risk. Apply water from a zafe distance to cool container and protect surrounding area. Extramely flammable.
Gaz mav acoumulats in confined areas, travel considerable distance to source of ignition and flazh back causi
or explozion. Firs fighters should wear appropriste protective aquipment and self-contained breathing apparatus
(3CBA) with a full face piace operated in positive praszsurs mode.

fire

6. ACCIDENTAL RELEASE MEASURES

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: PROPANE

OTHER NAME: Liguefied Petroleum Gas (LPG)
USE: Fefrigeramt Graz
DISTRIEUTOR: Ilational Fefrigerant:, Inc.

651 Eenvon Avanue
Bridzeton, Mew Jerzev 03302

FOR MORE INFORMATION CALL: IN CASE OF EMERGENCY CALL:
(Monday-Friday, §:00am-5:00pm) CHEMTREC: 1-300-424-0300
1-800-262-0012

1. HAZARDS IDENTIFICATION

CLASSIFICATION: Flammable Gas, Ga: under prezzure, Compreszed Gaz

SIGNAL WORD: DANGER

HAZARD STATEMENT(S): Extremely flammable zas, Contains zas under pre:zure, may explode if heated
SYMBOL(S): Flame:, Gaz Cylinder

O®

PRECAUTIONARY STATEMENTI(S):
Prevention: Keep awsy fom heat, sparks, open flams, and hot surface:. Mo Smoking
Response: Leaking gaz fire: Do not extinguizh unless leak can be stopped immediataly. Eliminate all isnition sourcas if safe
2 do so.
Storage: Protect from sunlight, store in a well ventilated place.

EMERGENCY OVERVIEW:
Flammable zas. Liguid undsr high pressurs.

POTENTIAL HEALTH EFFECTS:
Effectz of Overexpozure:

Eve Contact
gnificant effacts or critical hazards.

Skin Contact
Mo known significant effects or critical hazards.

SDs: FROPANE
Current [zzue Date: April 2018

Pazzlof &

SPILL AND LEAK PFROCEDURES:
Immediately contact emargency perzonnel Eeep unnecessary personnal away. Use suitable
protective equipmeant (Section Shut off ga: supply if this can be done safely. Isolats area until
gas hasz dizperzad. Avoid disperzal of spilled material and runoff and contact with zoil, waterways, drains
and sewers.

7. HANDLING AND STORAGE

NORMAL HANDLING:
EKeep container clozad. Use only with adequate ventilation. Keep away from heat, sparks and flams. To avoid fire,
minimize ignition sources. Usza proof electrical {venti 2, lighting and material handling) equipement. Do not
puncture or incinerats container. High pressure gaz. Use equipment rated for cylinder pressure. Closa valve after each use
and when empty. Protect cylinders from phyzicsl damage; do not drag, roll, slide, or drop. Usze a suitable hand wuck for
cvlinder movament.

STORAGE RECOMMENDATIONS:
Hesp container tightly clozed. Esep container in a cool, well-ventlated area. Cwlinders should be stored upright, with valve
protection cap in place, and firmly secured to prevent falling or being knocked over. Cvlinder temperaturss should not
exceed 32°C (123°F).

8. EXFPOSURE CONTROLS /PERSONAL PROTECTION

ENGINEERING CONTROLS:
Use only with adequate ventilation. Usze process enclosurss, local exhaust ventlation, or other enginesring controls to keep
airbome level: below racommended exposurs limits. The enginsering contwols alzo need to keep za:, vapor or dust
concentrations below any explosive limits. Use explosion-proof ventilation squipment

PERSONAL PROTECTION:

SKIN PROTECTION:
Perzonal protective equipment for the body should be selected based on the task being performed and the risks
imvolved and should be approved by a specializt before handling this product.

EYE PROTECTION:
Safety evewear complying with an approved standard should be uzad when s rizk asseszment indicates this iz
nacazzary to aveid exposure to liguid splashes, mists or dusts.

RESPIRATORY PROTECTION:
Uzs a properly fitted, air-purifving or air-fad respirator complying with an approved standard if a rsk
azzeszment indicatss this is necesszary. Fespirator s=lection must be based on known or anticipatad
anposurs levels, the hazards of the product and the safe working limitz of the sslected respirator.

D5 FROPANE
Currant 2 Diate:  April 2018

Pagz3of &

157



® NATIONAL REFRIGERANTS, INC.

R-290

11. TOXICOLOGICAL INFORMATION

TOXICITY DATA:
IDLH: 2100 ppm
Chronic effects on humans:  Causes damage to the following organs: the nervous system.

Acute toxic effects on humans:  No specific information is available in our database regarding the other toxic effects of
this material for humans.

SPECIFIC EFFECTS:
Carcinogenic effects:  No known significant effects or critical hazards.
Mutagenic effects: No known significant cffects or critical hazards.
Reproductive toxicity:  No known significant effects or critical hazards.

158

@ NATIONAL REFRIGERANTS, INC.

R-290

STATE REGULATIONS:
Pennsylvania RTE: Propans: (gensric environmental hazard)
Mlazzachuzetiz RTHE: Propane
Mew Jarzay: Propane

CALTFORNIA PROPOSITION 635: The insradisnts in thiz product do not contain any chemicals known to State of California to
cauze cancer, birth defects, or any other reproductive harm.

CANADA
TWHMIS (Canada): Clazz A: Compreszed gas
Clazzs B-1: Flammable zaz

CEFPADSL: Propans

12. ECOLOGICAL INFORMATION

16. OTHER INFORMATION

DEGRADABILITY (BOD):

Products of degradation: These products are carbon oxides (CO,CO,) and water.

Toxicity of the products of biodegradation: The product itself and its products of degradation are not toxic.
Environmental fate: Mot available

Environmental hazards: No known significant effects or critical hazards.

Toxicity to the environment: Not available.

13. DISPOSAL CONSIDERATIONS

Product removed from the cylinder must be disposed of in accordance with appropriate Federal, State, and local regulations.

14. TRANSPORT INFORMATION

US DOT ID NUMBER: UN 1978
US DOT SHIPPING NAME: PROPANE
US DOT HAZARD CLASS: 21

US DOT PACKING GROUP: NA

15. REGULATORY INFORMATION

TSCA 8ib) inventory: Propane

SARA 302/304/311/312 extremely hazardous substances: No products were found.
SARA 302/304 y planning and No products were found.
SARA 302/304/311/312 hazardous chemicals: Propanc

SARA 311/312 MSDS distribution — chemical inventory — hazard identification: Propane: Fire hazard, Sudden Release of
Pressure

Clean Water Act (CWA) 307: No products were found.

Clean Water Act (CWA) 311: No products were found.

Clean Air Act (CAA) 112 accidental release prevention: Propanc

Clean Air Act (CAA) 112 regulated flammable substances: Propane

Clean Air Act {CAA) 112 regulated toxic substances: No products were found.

SDs: PROPANE Page 5 0f6
Current Issue Date: - April 2018

HAZARD RATING SYSTEMS:

NFPA RATINGSE: HAMIS RATINGS:

HEALTH =] HEALTH =l
FLAMMABILITY =4 FIRE HAZARD =4
IM3TABILITY =0 REACTIVITY =0
SPECIAL =Mong PERSONAL PROTECTION =C

DISCLAIMER

Ilarional Fefrigerants, Inc. believes that the information and recommendations contained herein (including dats and statements) are
accurate 2z of the datz hereof). MO WARFANTY OF FITWESS OF. ANY PARTICULAR FURPORE, WARRANTY OF
MERCHANT ABILITY, OF ANY OTHEER. WARRANTY, EXPRESSED OF IMPLIED, IS MADE CONCEFNING THE
INFORMATION PROVIDED HEREDY. The information provided herein relates only to the specific product designated and may not
be valid whers zuch product iz used in combination with any other methods of uze of the product and of the information referrad to
herein ara beyvond the control of Wational Refrig Mational Refrizerants v dizclaims any and all lisbility as to any results
obtained or arizing from anv uze of the product or reliance on such information.

SDs: PROPANE DPaga fof §
Current Izzue Date:  April 2018



3. whalalasiau (Hydrogen, H,) P

SAFETY DATA SHEET

Hydrogen

0 A Linguide company

Airgas

Section 1. Identification

GHS product identifier
Chemical name

: Hydrogen
© hydrogen

Other means of : Dihydregen; o-Hydrogen; p-Hydrogen; Molecular hydrogen; H2; UM 1042

identification

Product type : Gas.

Product use : Synthefic/Analytical chemistry.

Synonym : Dihydrogen; o-Hydrogen; p-Hydrogen; Molecular hydrogen; H2; UM 1040
SDE# : 001028

© Airgas USA, LLC and its affiliates
258 North Radnor-Chester Road
Suite 100
Radnor, PA 18087-5283
1-510-G87-5253

Supplier's details

24-hour telephone 1-388-724-3428

Section 2. Hazards identification

O SHAMHCS status : This material is considered hazardous by the OSHA Hazard Communication Standard
{28 CFR 1810.1200).

: FLAMMABLE GASES - Category 1
GASES UMDER PRESESURE - Compressed gas

Classification of the
substance or mixture

GHS label elements
Hazard pictograms

Signal word : Danger

© Extremely flasnmable gas.
Contains gas under pressure; may explode if heated.
May displace oxygen and cause rapid suffocation.
Burns with invisible flame.
May form explosive mixtures with air.

Hazard statements

Erecautionary statements

General © Read and follow 3t Safety Dsta Shests (SD3'5) before use. Read |abel before use.
Keep out of reach of children. If medical advice is needed, have product container or
label athand. Close valve after each use and when empty. Use equipmant rated for
oylinder pressure. Do not open valve until connected to equipment prepared for use.
Usa 3 back flow preventative device in the piping. Us= only aquipmeant of compatible
materialz of construction. Approach suspected leak ares with caution.

Prewention : Heep away from hest. hot surfaces, sparks, open flames and other ignition sources. Mo
smoking.

Response . Leaking gas fire: Do net extinguish, unless leak can be stopped safely. In case of
'2akage, eliminate all ignition sources.

Storage Protect from sunlight. Store in 2 well-ventiatad place.

Disposal Mot appicable.

In addition to any other important health or physical hazards, this product may displase
oxygen and cause rapid suffocation.

Hazards not otherwise
classified

loam of l55ueDars of revision Dare of pravicus 1S5ue
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ISection 3. Composition/information on ingredients

: Substance

: hydrogen

: Dihydregen: o-Hydrogen: p-Hydregen: Melecular hydrogen: H2: UN 1040

Substance/mixture
Chemical name
Other means of
identification
Product code © 001025
CAS . ifi

CAS number 1333-74-0

CAS number
1233-740

Ingredient name k'l

hydrogen 100

Any concendration shown as a range is to protect confidentiality or is dwe 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.

Oocoupational exposure limits, if available, are listed in Section 8.

[Section 4. First aid measures

Deccription of necessary aid measures
Eye contact © Immediately flush eyes with plenty of water, occasionally lifting the upper and lower
eyelids. Check for and remove any contact kenses. Continue to rinse for at least 10
minutes. Get medical attention if irritation oecurs.

© Remove wictim to fresh air and keep at rest in 3 position comfortable for breathing. If
not breathing, if breathing is iregular or if respiratory arrest occurs, provide artificial
respiration or oxygen by frained personnel. |t may be dangerous to the person providing
aid to give mouth-to-mouth resuscitation. Get medical attention if adverse health effects
persist or are severe. If unconscious, place in recovery position and get medical
attention immediately. Maintain an open airway. Loosen tight clothing such as a collar,
fie, belt or waistband.

: Flush contaminated skin with plenty of water. Remowve contaminated clothing and
shoes. To avoid the risk of siatic discharges and gas ignition, soak contaminated
clothing thoroughly with water before removing it. Get medical attention if symptoms
occur. Wash dothing before reuse. Clean shoes thoroughly before reuse.

: As this product is a gas, refer to the inhalation secfion.

Inhalation

Skin contact

Ingestion

Mast important symptoms/effacts, acute and delayed
Potential acute health effects

Eye contact : Contact with rapidly expanding gas may cause burns or frostbite.

Inhalation © Mo known significant effects or critical hazards.

Skin contact : Contact with rapidly expanding gas may cause burns or frostbite.

Frosthite 1 Try to warm up the frozen tissues and seek medical attention.

Ingestion : As this product is a gas, refer to the inhalation secfion.
Over-exposure signsisymptoms

Eye contact : Mo specific data.

Inhalation 1 Mo specific data.

Skin contact : Mo specific data.

Ingestion 2 Mo specific data.

: Treat sympiomatically. Contact poison treatment specialist immediately if large
quantities have been ingested or inhaled.

: Mo specific treatment.

Motes to physician
Specific treatments

Dare of \550 e Damd of revision LTISR0E0 Dare of previous (5508 s W2TRoTe erglon 107 2;‘?7]




Hyarogen

Section 4. First aid measures

Protection of first-aiders

Mo action shall be taken involving any personal risk or without suitable training. 1t may
be dangerous to the person providing aid to give mouth-to-mouth resuscitation.

See toxicological information {Section 11)

Section §. Fire-fighting measures

E hi -
Suitable extinguishing
media
Unsuitable extinguishing
media

Specific hazards arising
from the chemical

Hazardous thermal
decomposition products

Special protective actions
for fire-fighters

Special protective
equipment for fire-fighters

Us= an extinguishing agent suitable for the sumounding fire

Mone known.

: Contains gas under pressure. Extremely lammable gas. In a fire or if heated, 2

pressure increase will occur and the container may burst, with the risk of a subsegquent
explosion.
No specific data.

Promptly isolate the scene by remaoving all persons from the viginity of the incident if
there is a fire. Mo action shall be taken inwolving any personal risk or without suitable
training. Contact supplier immediately for specialist advice. Move containers from fire
area if this can be done without risk. Use water spray to keep fire-exposed containers
cool. If invobved in fire, shut off flow immediately if it can be done without risk. Hthis is
mpossible, withdraw from area and allow fire to burn. Fight fire from protected location
or masimum possible distance. EEminate all ignition sources if safe to do so.

Fire-fighters should wear appropriate protective equipment and self-contained breathing
apparatus (SCBA) with 3 full face-pisce operated in positive pressure mode.

Section 6. Accidental release measures

Personal precautions, protective equipment and emergency procedures

For non-emergency
personnel

For emergency responders

Environmental precautions

. Agcidental releases pose a serious fire or explosion hazard. Mo action shall be taken

nvolving any personal risk or without suitable training. Evacuate surrounding areas.
Keep unnecessary and unprotected personnel from entering. Shut off all ignition
sources. Mo flares, smoking or flames in hazard area. Awoid breathing gas. Provide
adequate ventilation. Wear appropriste respirator when ventilstion is inadequate. Put
on appropriate personal protective equipment.

If specializad clothing is required 1o deal with the spillage, {ake note of any information in
Section 8 on suitsble and wnsuitable materisls. Ses also the information in "For non-
emergency personnel”.

Ensure emergency procedures to deal with accidental gas releases are in place to avoid
contamination of the environment. Inform the relevant authorities if the product has
caused environmental pollution (sewers, waterways, soil or air).

Methods and materials for containment and cleaning up

Small =pill

Large spill

Immiediately contact emergency personnel. Stop leak if without risk. Use spark-proof
tools and explosion-proof equipment.

Immediately contact emergency personnel. Stop leak if without risk. Use spark-proof
tools and explosion-proof equipment. Maote: see Section 1 for emergency contact
nformation and Section 13 for waste disposal.

Hyarogen

Section 15. Regulatory information

Japan : Japan inventory (ENC35): Mot determined.
Japan inventory {ISHL): Mot determinad.

New Zealand : This material is listed or exempted.

Philippines : This material is listed or exempted.

Republic of Korea : This material is listed or exempted.

Taiwan : This material is listed or exempted.
Thailand : Mot determined.
Turkey : Mot determined.
United States : This material is actve or exempted.
Viet Nam : This material is listed or exempted.

ISection 16. Other information

Hazardous Material Information System {U.S.A
i1

(XIS

Caution: HMIS® ratings are based on a 0-4 rating scale, with 0 representing minimal hazards or risks, and 4
representing significant hazards or risks. Although HMI 52 ratings and the associated label are not required on
5D 355 or products leaving a facility under 23 CFR 1810.1200, the preparer may choose to provide them. HMISE
ratings are to be used with a fully implemented HMISE program. HMI5E is a registered trademark and service
mark of the American Coatings Association, Inc.

The customer is responsible for determining the PPE code for this material. For more information on HMI 52
Personal Protective Equipment (PPE) codes, consult the HMIS® Implementation Manual.

Mati Fire P ion A iation (1.5.A
Flammalkility
Health 0 Instability/ Reactivity
b Special
Reprinted with permission from NFPA 704-2001, Identification of the Hazards of Materials for Emergency
Response Copyright ©1837, National Fire Protection Association, Guincy, MA 02289, This reprinted material is
a

not the complete and official position of the National Fire F i iation, on the ref: d subject
which is represented only by the standard in its entirety.

Copyright 2001, National Fire Protection Association, Quincy, MA 02262, This warning system is intended to
be interpreted and applied only by properly trained individuals to identify fire, health and reactivity hazards of
chemicals. The user is referred to certain limited number of chemicals with recommended classifications in
NFPA 49 and NFPA 225, which would be used as a guideline only. Whether the chemicals are classified by NFPA
or not, anyone using the 704 systems to classify chemicals does so at their own risk.

P jve the classificafi

Classification Justification

FLAMMABLE GASES - Category 1
EASES UNDER PRESSURE - Comprassed gas

History

Expert judgment
According to package

Date of printing 11/15/2020
Date of issue/Date of 11/15/2020
revision
Date of previous issue T RRTEE
Version : 101
Das of issueDars of revision LTIER0E0 Dare of previous \S5Ue TWETEOIE werglon o 1.07 o
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4. whamsusulaeanlys (Carbon Dioxide, CO,) ?

SAFETY DATA SHEET

Carbon Dioxide

Airgas

B A Liguide company

161

Section 1. Identification
GH S product identifier
Chemical name
Other means of

- Carbon Diccide
rbon dioxide, gas

- Carbonic, Carbon Dioxide, Carbonic Anhydride, RT44, Carbon Dioxide USP

identification

Product type : Gas.

Product use : Synthetic/Analytical chemistry and Medical use.

Synonym : Carbonic, Carbon Dioxide, Carbonic Anhydride, R744, Carbon Diozide USP
5D5# © 001013

Supplier's details o Airgas USA, LLC and its affiliates
258 North Radnor-Chester Road
Suite 100
Aadnor, PA 10087-6222
1-510-527-5253

24-hour telephone 1-508-724-2425

Section 2. Hazards identification

OSHAMHCS status
{20 CFR 1810.1200).

: GASES UNDER FRESSURE - Liguefied gas
Simple asphyzaant

Classification of the
substance or mixture

GHS label elements
Hazard pictograms

Signal word
Hazard statements

© Warning

: Contains gas under pressure; may explode if heated.
May displace oxygen and cause rapid suffocation.
M=y incresss respiration and heart rate.

: This material is considerad hazardous by the O5HA Hazard Communication Standard

Precautionary statements
General o Read and follow all Ssfety Dats Shests (S02°5) before use. Resd labal before usa.
Keep out of reach of children. If medical advice is neaded. have product contsiner or
abel st hand. Close velve sfter esch use and when empty. Use equipment rated for
cylinder pressure. Do not open valve until connected to equipment prepared for use.
Use a back flow preventstive device in the piping. Use only equipment of compatible
materials of construction. Ahwsys keep contsiner in upright position.
Prevention : Use and siore only cutdoors or in a wedl ventilated place.
Response : Mot applicable.
Storage : Protect fromn sunlight. Store in a well-ventisted place.
Disposal : Mot applicabla.
Hazards not otherwise : In addition to any other important health or physical hazards, this product may displace
classified oxygen and cause rapid suffocation.
May cause frostbite.
lﬂam af i5sue/Dare of revision LEN2EE Dare of previcus 15508 - 4252017 003 _‘.-‘.‘T]

lcarsm Dioice ]
ISection 3. Composition/information on ingredients J
Substance/mixture : Substance

Chemical name : Carbon dioxide, gas

Other means of : Carbonic, Carbon Deoxide, Carbonic Anhydride. R744, Carbon Diaxide USP
identification

Product code o 0003

CAS . ifi

CAS number 124-22-0

Ingredient name E CAS number

Carbon Dioxide 100 124-28-8

Any conceniration shown as a range is to protect confidentislity 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.

Cooupational exposure limits, if available, are listed in Section 8.

ISection 4. First aid measures

Description of necessary first aid measures

Eye contact

Inhalation

Skin contact

Ingestion

Potential acute health effects

: Immediately flush eyes with plenty of water, cccasionally lifting the upper and lower

eyelids. Check for and remove any contact lenses. Continue to rinse for at least 10
minutes. Get medical stiention if iritation cecurs.

© Remove victim to fresh air and keep st rest in a position comfortable for bresthing. I

not bresthing, if breathing is irregular or if respirstory amest occurs, provide artificial
respiration or oxygen by frained personnel. It may be dangerous to the person providing
aid to give mouth-to-mouth resuscitation. Get medical attention if adverse health effects
persist or sre sewere. [f unconscious, place in recovery position and get medical
attention immediately. Maintain an open sirway. Loosen fight clothing such as a collar,
fie, belt or weistband.

: Flush contaminated skin with plenty of water. Remove contaminated clothing and

shoes. Get medical sttention if symptoms occur. Wash clothing before reuse. Clean
shoes thoroughly before reuse.

: As this product is a gas, refer to the inhalation section.

Eye contact : Mo known significant effects or critical hazards.

Inhalation : Mo known significant effects or critical hazards.

5kin contact : Mo known significant effects or critical hazards.

Frosthite : Try to warm wp the frozen fissues and seek medical sttention.

Ingestion © As this product is & gas, refer to the inhalstion section.
Ower-exposure signs/symptoms

Eye contact : Mo specific data.

Inhalation = Mo specific data.

Skin contact : Mo specific data.

Ingestion o Mo specific data.

Motes to physician

Specific treatments

: Treat symptomstically. Contsct poison treatment specialist immediately if large

quantitias have been ingested or inhaled.

: Mo specific treatment.

lclara of is5usTams of revision

LE2E018

Dare of previous (5508 cd2EEMT Werslon c0.0F




Carbon Dioxide Carbon Diowide
Section 4. First aid measures Section 16. Other information
Protection of irst-aiders + No acion shal be aken avohing sny persoral (5K o Wihoul sutable Vaining. 1t may

10 the person pr g aid 10 give mouth-to-mouth resuscitation.

See toxicological information (Section 11)

Section 5. Fire-fighting measures

Extinguishing media

Suitabie extinguishing : Use an extinguishing agent suitable for the sumounding fire.
media

Unsuitable extinguishing @ None knoan.

media

Specific hazards arising : Contains gas under pressure. In a fire or if heated, a pressure increase will occur and
from the chemical the container may burst or explode.
2 2 may include the following mateqiais:
decomposition products caron dicide
carbon monoxide

Special protective actions Promplly isolate the scene by removing all persons from the vicinity of the incident i

for firefighters there is a fire. No action shall be taken involving any personal risk or without sutable
training. Contact supplier immediately for speciaist advice. Move containers from fire
area if this can be done without risk. Use waler spray 10 keep fire-exposed containers
cool.
Special protective : Fire-fighters shoudd wear and sel. i ing
for fi s (SCBA) with a full face-piece operated in posilive pressure mode.

Section 6. Accidental release measures

‘Caution: HMIS® ratings are based on a 0-4 rating scale, with 0 representing minimal hazards or risks, and 4
representing significant hazards or risks. Although HMIS® ratings and the associated label are not required on
50 5s or products leaving a facility under 23 CFR 15101200, the preparer may choose to provide them. HMI 58
ratings are to be used with a fully implemented HMIS® program. HMI5E ic a registered trademark and service
mark of the American Coatings Association, Inc.

The customer is responsible for determining the PPE code for this material. For more information on HMI 52
Personal Protective Equipment (PPE) codes, consult the HMISE Implementation Manual.

Flammability
Health - Instability/Reactivity
{.\‘«

Special

Reprinted with permission from NFPA 704-2001, Identification of the Hazards of Materials for Emergency
Response Copyright ©1997, National Fire Protection Association, Guincy, MA 02260, This reprinted material is
not the complete and official position of the National Fire Protection Association, on the referenced subject
which is represented only by the standard in its entirety.

Copyright £2001, National Fire Protection Association, Quincy, MA 02269, This warning system is intended to
|be interpreted and applied only by properly frained individuals to identify fire, health and reactivity hazards of
chemicals. The user is referred to certain limited number of chemicals with recommended classifications in
NFPA 48 and NFPA 325, which would be used as a guideline only. Whether the chemicals are classified by NFPA
‘or not, anyone using the 704 systems to classify chemicals does so at their own risk.

For non-emergency 2 Nowmmdbetakmmdmg pumwrmaﬂmlsm&m
i - Procedure used to derive the classification
personnel Evacuate surrounding areas. Keep unn and Iroeecure User o cenve e cassmeation
entering. Avoid breathing g: Provide ad:g:.:,e ventilation. Wear appropriate Classification Justification
equipment AT N GASES UNDER PRESSURE - Liquefied gas Expert judgment
For ponders : If speci clothing is 10 deal with the spillage, take note of any information v oy
Section B on suitable and unsuitable materials. See also the infermation in "For non- Date of printing TP
emergency personned™ -
Date of issue/Date of T 2122
E p 5 : Ensure gency 10 deal with are in place 10 avoid revision
i of the Inform the relevant authories if the product has Date of previous issue T 42527
causad envil | pollution (sewers, Vs, soil or ir). Version = 002
Key to abbrewviations 1 ATE = Acute Towcity Estimate
Methods and materials for containment and cleaning up 5CF = Bloconcaniration Facior
Small s © Immedsately contact emergency persannel Stop leak if without risk. GHE = Globally Harmonized System of Classification and Labelling of Chemicals
s Y P < |ATA = Internations’ Air Transport Association
Large spill : Immediately contact emergency personnel. Stop leak if without risk Note: see Secsion IBC = Intarmadiate Bulk Cantainar
1 for emergency contact information and Section 13 for waste disposal. IMDG = International Maritime Dangerous Goads
: 2 LogPow = logarithm of the octsnclfwater partition coefficient
Section 7. Handling and storage MARPOL = |nternstionsl Conventicn far the Pravention of Polution Fram Ships, 1672
Precautions for safe handling as medified by the Protocol of 1878, ("Marpol” = marine pollution)
UM = United Mations
Protective measures : Puton it {see Section B). Contains gas under 3 )
pressure Avoid hmamng gas. Do not punchure of incinerate container. Use References : Mot available.
eqwmeuraoedbrm:mgessum Close valve after each use and when empty. Motice to reader
Protect from phy ge; do not drag, roll, slide. or drop. Use 3 suitable
hand !mdn for cylinder movement.
Avoid contact with eyes, skin and dothing. Empty containers retsin product residue
and can be hazardous.
e s gaaE e Ea——— e s17] [Glam of IssueDars of revision :2ri22018 Dare of previcus lssus 4252017 Version 003 4
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5. uid@ean@iau (Oxygen, O,) ¥

SAFETY DATA SHEET

Oxygen

Airgas

an Arr Liquide company

Section 1. Identification

GHS product identifier
Chemical name

Other means of
identification

Product type
Product use
Synonym

sSDS#

Supplier's details

24-hour telephone

: Oxygen
: oxygen
: Molecular oxygen; Oxygen molecule; Pure oxygen; O2; UN 1072, Dioxygen; Oxygen

USP, Aviator’s Breathing Oxygen (ABO)

: Gas.
: Synthetic/Analytical chemistry.
: Molecular oxygen; Oxygen molecule; Pure oxygen; O2; UN 1072, Dioxygen; Oxygen

USP, Aviator’s Breathing Oxygen (ABO)

: 001043
: Airgas USA, LLC and its affiliates

259 North Radnor-Chester Road
Suite 100

Radnor, PA 19087-5283
1-610-687-5253

i 1-886-734-3438

|Sectlon 3. Composition/information on ingredients

Substance/mixture : Substance
Chemical name 1 oxygen
Other means of : Molecular oxygen; Oxygen molecule; Pure oxygen; O2; UN 1072; Dioxygen; Oxygen
identification USP, Aviator's Breathing Oxygen (ABO)
Product code : 001043
ni riother
CAS number 1 7782-44-7
Ingredient name % CAS number
oxygen 100 7782-44-7

Any concentration shown as a range is to protect confidentiality or is due to batch variation.
There are no

which, within the current knowledge of the supplier and in the

concentrations nppdlabb, are duslﬂod as hazardous to health or the environment and hence require reporting

in this section.

O Xp limits, if are listed in Section 8.

|Section 4. First aid measures

Description of necessary first aid measures

Section 2. Hazards identification

OSHA/HCS status

Classification of the
substance or mixture

GHS label elements
Hazard pictograms

Signal word
Hazard statements

Precautionary statements
General

Provention

Response

Storage

Disposal
Hazards not otherwise
classified

: This is

: Keep away from

by the OSHA Hazard Communication Standard
(29 CFR 1910.1200).

: OXIDIZING GASES - Category 1

GASES UNDER PRESSURE - Compressed gas

& O

: Danger
1 May cause or intensify fire; oxidizer.

Contains gas under pressure; may explode if heated.

: Read and follow all Safety Data Sheets (SDS'S) before use. Read label before use.

Keep out of reach of children. If medical advice is needed, have product container or
label at hand. Close valve after each use and when empty. Uu equipment rated for
cylinder pressure. Do not open valve until to for use.
Use a back flow preventative device in the piping. Use only equapmenl ol compatible
materials of construction. Open valve slowly. Use only with equipment cleaned for
Oxygen service.

valves,

g and other bustibl Keep reducti
valves and fittings free from oil and grease.

¢ In case of fire: Stop leak if safe to do so.
: Protect from
: Not applicable.
: None known.

light. Store in a well place.

Eye contact : Immediately flush eyes with plenty of water, occasionally lifting the upper and lower
eyelids. Check for and remove any contact lenses. Continue to rinse for at least 10
minutes. Get medical attention.

: Remove victim to fresh air and keep at rest in a position comfortabie for breathing. If
not breathing, if breathing is irregular or if respiratory arrest occurs, provide amﬁcml
respiration or oxygen by trained I. It may be dang to the person p
aid to give mouth-to-mouth resuscitation. Get medical attention if adverse health eﬂocts
persist or are severe. If unconscious, place in recovery position and get medical
attention immediately. Maintain an open airway. Loosen tight clothing such as a collar,
tie, belt or waistband.

Skin contact : Flush contaminated skin with plenty of water. Remove contaminated clothing and
shoes. Get medical attention if symptoms occur. Wash clothing before reuse. Clean
shoes thoroughly before reuse.

Ingestion : As this product is a gas, refer to the inhalation section.

Most important symptoms/effects. acute and delayed

P 1] 1]

Eye contact : Contact with rapidly expanding gas may cause bumns or frostbite.

Inhalation : No known significant effects or critical hazards.

Skin contact : Contact with rapidly expanding gas may cause bums or frostbite.

Frostbite : Try to warm up the frozen tissues and seek medical attention.

Ingestion : As this product is a gas, refer to the inhalation section.
Qver-exposure signs/symptoms

Eye contact : No specific data.

Inhalation : No specific data.

Skin contact : No specific data.

Ingestion : No specific data.

: Treat :ymptomaﬂcdly Oomnc!ponon peci

Nolu to phytlclln

i y if large
quantities have been ingested or inhaled.
Specific treatments : No specific treatment.
|o~uuumnumum 1 W22/2020 Date of previous issue 1 YV2018 Version @1 om
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Ceypan

Section 4. First aid measures

Protection of Wst-aiders @ Mo aciion shal be [aken myoiving &Ny pessanal [ak of wihodl swiabie rainng, 1L may
be: dangerous io the person providing aid io give moulh-lo-mouth resuscitation.

See toxicological information |Section 11)
Section 5. Fire-fighting measures

Extinguishing meddia
Suitable extinguizhing & Use an extinguishing sgent suilable for the sureunding fire.
rmedia
Unsuitable extinguishing  © None knewn,
rmedia
Specific hazards arising : Conlaing gas under pressure. Oxidizing material. This malerial incresses: the risk of

fram the chemical fire and may aid combusion. Contaal wilth combustible malerial may cause fire. Ina

fire ar il healed, a pressune increase will oceur and the conlaines may bursl or explode.

Harardous thermal : Nospecilic data.
decomposition products

Special pratective actions  : Promiplly isslale (he seene by remeving all parsars from he vicinity of he incident if
far fire fighters Ihere is & fire. Mo actian shal be laken invohing any personal risk of wilheul suable

training. Contac suppler immedialely for specialisl advice. Move conlainesns from fire
area if this can be done withoul sk se waler spray o fre-exposed conlaners
cool. Ifinvalved in fire, shut off Tow immesdiately I it can be done without risk.
Fine-flighters should wear appropriste proleclive squipment and sell-contained braathing
apparalus (SCEA) with a Rl Face-pisce operaled in posilive pressurs mode.

Special pratective
equipment for fire fighters

Section 6. Accidental release measures

: Noaction shall be taken mnimg sy persaral risk or without suilable training.
Em:uahewnmnﬁﬁgmm Keep unnecessary and unprolected pensonnel from
entering. Shut off all ignition sources. Mo flares, smoeking or flames in hazard area.
Auwoid breathing gas. Provide adeguale venblation. Wear apgropriale sespiralar when
venlilation is inadequate. Pul on appropriale personal prolective equipment.

For emengency responders : If specialired dolhing is requined io deal with the spillage, take nobe of any informalion in

Section B on suitable and unsuitsble malerals. See alsa the informalion in "For fone-

emergency personned

Environmental precautions  : Ensure emergency procedures 1o deal with accidental gas relsases are in place Io &vaid
contamination of he envireament. Infarm the relevant sutharlies if the product has
caused environmental polulion (Sewers, walsnwdys, soil o air).

Methods and materials for eontairment srd ing U

Small spill 2 Immedialely contact emergency persannel. Stap leak il wilhout risk. Use spaf-prool
ioals and explosor-prool equipment.

: Immedsalaly contact emergency persannel. Slop kak if withaut risk. Use spark-prool
loals and explosiar-prool equipment. Male: see Sedlion 1 Tor emergency contact
information and Section 13 for wasie dsposal

Section 7. Handling and storage

Brecautions for safe handling

Large spill

Dame of ssveDan of ravisan | A0 Dae of pravious Ssu : MEAE

Oxygen
Section 15. Regulatory information
P of Korea : This | is listed or d
Taiwan : This | is listed or pted
Thailand : Not determined.
Turkey : Not determined.
United States : This material is active or exempted.
Viet Nam : This | is listed or d
Section 16. Other Informatlon
H. 1

Flammability
Physical hazards

Caution: HMIS® ratings are based on a 0-4 rating scale, with 0 rep { inimal or risks, and 4
representing significant hazards or risks. Although HMIS® ratings and the  associated label are not required on

SDSs or products leaving a facility under 29 CFR 1910.1200, the prep may ch to provide them. HMIS®
ratings are to be used with a fully imp d HMIS® prog HMIS® is a regl and service
mark of the American Coatings Association, Inc.
The is responsible for g the PPE code for this material. For more information on HMIS®
P | Py i) quip (PPE) codes, consult the HMIS® Implementation Manual.
National Fire Protection Association (U.S.A)
Flammability
Health "0 > Instability/Reactivity
OX” gpecial
R.prlnud wlth permission from NFPA 704-2001, ldontlﬁcn!loﬂ of the ¥ of M. forE
©1997, Fire Pi latl

Oulncy MA 02269. This npdnhd mlt.ﬂll Is
on the l

not tho complo(o and official position of the National Fire P {
which is represented only by the standard in its entirety.

Copyright ©2001, National Fire P A lation, Quincy, MA 02269. This g is to
be interpreted and app only by p ined indiy to Idonmyﬁn heaith and ructhmy hazards of

chemicals. The user is referred to cmln limitod ber of chemi ded classificati in
NFPA 49 and NFPA 325, which would be used as a g only. (h- are classified by NFPA
or not, anyone using the 704 systems to classify chemicals does so at their own risk.
Procedure used to derive the classification
Classification I Justification
OXIDIZING GASES - Category 1 Expert judgment

GASES UNDER PRESSURE - Compressed gas According to package

History
Date of printing + 922/2020
Date of issue/Date of © 9/22/2020
revision
Date of previous Issue 1 2/3/2018
Version I |
Koy to abbreviations : ATE = Acute Toxicity Estimate
BCF = Bioconcentration Factor
GHS = Globally H; ized System of Cl fi and Labelling of Ch |
IATA = Int tional Air T port A A

IBC = Intermediate Bulk Container
IMDG = lmamalional Mantlmo Dangerous Goods
LogPow = i f the IA partition coefficient
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5. whasssuY1® (Natural Gas) (NG) 9

ATCO

Revision Date: April 02, 2019
Supersedes Date: January 31, 2019

SAFETY DATA SHEET - NATURAL GAS

SECTION 1. PRODUCT AND COMPANY IDENTIFICATION
ATCO Gas Emergency Telephone : (24 =hr)
10035 - 105 Street CANUTEC: 1-613-996-6666 (Call Collect) or (*666 on a cellular
Edmonton, Alberta T5J 2VE phone)
1-800-511-3447 (toll-free) for information
PRODUCT IDENTIFICATION
Manufacturer Various Supp . Pipeline/Di quality
Trade Name Natural Gas
Chemical Name Methane

Synonyms
Chemical Family
Molecular Formula

Product Use

Method of Transport

Natural Gas/high Methane content
Alkanes
CH, (Methane)

Natural Gas is used primarily for space and water heating and for industrial
processing applications

Pipeline (under pressure) or high pressure cylinders attached to mobile vehicles

Transportation of Dang
UN 1971; Class 2.1

WHMIS Classification

SECTION 2.

Goods

Shipping Name and Description: METHANE, COMPRESSED

Compressed Gas (Class A)
Flammable Gas (Class B1)

Signal Word :
Hazard Statements :

Pracautionary Statemants :

2.3 Other Hazards

165

Danger

HZ220 - Extremely flammable gas.

HZ80 - Contains gas under pressure; may explode if heated.
H380 - May displace oxygen and cause rapid suffocation.

P210 - Keep away from heat, sparks, open flames_ hot surfaces. No smoking.
P377 - Leaking gas fire: Do not extinguish unless leak can be stopped safely.
P381 - Eliminate all ignition sources if safe to do so.

P403 - Store in a well-ventilated place.

P410+P403 - Protect from sunlight. Store in a well-ventilated place.

Exposure may aggravate those with pre-existing eye, skin, or respiratory conditions. Asphyxiant gas, can be fatal. May cause
damage to the blood, central nervous system, and cardiovascular system. High concentrations of gas can cause
unconsciousness and death. Mercaptan is added (rotten egg odour) to the gas, however this smell should not be relied on as a
good indicator of the presence of gas as olfactory fatigue (loss of smell) occurs rapidly. Being under the influence of alcohol
may enhance the effects of this product.

HAZARDOUS IDENTIFICATION

21 Classification of the Substance or Mixture

Simple As) iant Si

Gases Under Pressure

imple Asph
Gases under pressure / Compressed gas

iants — Cate, 1: A gas that is a simple asphyxiant

Flam Gas 1
H220

H280 Cc

Flammable gases - Category 1
Extremely flammable gas
ontains gas under pressure; may explode if heated

22 Label Elements Hazard Pictograms :

® O

SECTION 3. COMPOSITION/INFORMATION ON INGREDIENTS
Compaosition

Hazardous Ingredients ‘Commeon Name/Synonyms CAS No. % Vol./Val.
Natural Gas NfA 8006-14-2 100
Methane NfA 74-82-8 90-99
Ethane NfA 74-84-0 0-6
Propane N/A 74-98-6 0-3
Butane NfA 106-97-8 0-3
Propane, 2-methyl- Isobutane 75-28-5 0-3
Pentane NfA 109-66-0 0-3
Butane, 2-methyl- Isopentane 78-78-4 0-3
Nitrogen NfA 7727-37-9 0-3
Carbon dioxide NfA 124-38-9 0-3
Helium NfA 744-59-7 0-3

*typically contains <5 ppm mercaptans

SECTION 4. FIRST AID

Skin Contact:
Eye Contact:

Inhalation:

First aid is not normally required

If irritation/redness develops, move victim away from exposure into fresh air
And flush eyes with clean water.

Do not enter a contaminated area unless propery protected (refer to Section 8)
Move victim to uncontaminated area to fresh air

Perform artificial respiration if necessary

ATCO SDS (revised April 2, 20189)
Nalural Gas

1of8|Page

ATCO BDS (revised April 2, 2019)

Matural Gas

2a0l9|Page



Note to Physicians:

Seek medical assistance
Symptoms may not appear immediately

5. FIRE AND EXPLOSION HAZARD DATA (See Note, Secti

1)

Flammability

Flammability Limits (percent in air)
Fire Extinguishing Media

Special Procedures:

Ignition Temperature

Auto Ignition Temperature in Air
Upper Explosive Limit

Product of Combustion:
Protection of Firefighters:

Sensitivity to Static Discharge:

In the presence of oxygen and in the presence of an ignition source

4% - 15%

Diry Chemical {most effective) or carbon dioxide (CO,) or Halon

Shut off flow of gas from a safe location. (if properly trained). Use full protective
equipment and Seft -contained breathing apparatus (SCHA). Uo not extinguise
flame until gas flow is shut off. Use gas detectors in confined spaces.

Approximately 630°C (varies with temperature pressure and oxygen
concentration)

Range 482°C - 649°C

15% gas in air (approximately)

Carbon dioxide and carbon Monoxide

Firefighters should wear SCEA in case of oxygen deficient atmostphere. Do not
extinguish unless leak can be stopped safety. In case of leakage, eliminate all
ignition sources.

Flammable

IPgestion:
Skin Bersilization:
Respiratary Sensilization:
Medical Canditions
Aggravated By Exposute

Mol a normal roule of exposure.
Mol availabie.
Mol availabie.

Mol available.

EFFECTS OF CHRONIC EXPOSURE (from short and long-term exposure)
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Section 6. ACCIDENTAL RELEASE MEASURES

Personal Precations:
Enviromental Precautions:
Leak and Spill Procedures:
Leak/Line Break Occurs

Methods for Containment
Waste Disposal
Other information

Use personal protection recommended in Section 8

MNone

Evacuate area

Contact emergency number (refer to Section 1)

Attempt to keep area clear

Do not activate any sorce of ignition such as electrical switches, vehicles,
telephones, cellular phone, two way radios or door bells. Eliminate ignition
sources such as open flame or sparks.

Stay away and upwind of spillirelease
Vent to cutside atmosphere
Allow to vapourize and dispense to atmosphere

Targel Organa: Skin. Eyes. Respiralary system. Cardiovascular system. Bone marrow. Liver. Kidneys. Cenbral
NENAOLS Sysbam.

Chronic Efecis: Prolonged expasisne bo Malural gas can lead o hypaxia, bluish colouration o the skin,
numbness, darmage b the nervous system, hear sensilization, reduced conssousness and
death. Pralonged of repeated inhalalion of lsopentane may cause dizziness, weakness,
weighl loss, anemia, nefvousness. pains in the Bmbs and perpheral numbness.

Carcinagenicity This product does nol contain any candinogens of polential carcinogens as listed by ACGIH,
IARC, OSHA, ar NTP.

ML - Mol availabie.

Reproduciive ENecis: Mol available.

Developmental Effect

Teralogenicly: Mt availatie.

SECTION 12 ECOLOGICAL INFORMATION

Ecalomicity: Mot anvailable

Perastence’ Degradabikty: Mol arvailable

Bioaceumutaion Accusul alion: Mot anvailable

There is no information avalable on the scotaxicological ellects of ratural gas.
Becaise of the high volatiity of natural gas, il is unlkely o cause ground of wales
pllution. Mahral gas released ino the envirerment wil disperse rapidy into the
almosphere and undenga phatochemical degradation.

Section 7. HANDLING AND STORAGE

Handling

Storage:

Frecautions 1o be Taken

Other Precautions

Observe handling regulations for d gases and terials. To
be handled by trained personnel only and followed with approved operating
procedures.

Comply with storage regulations for compressed gases and flammable materials.
No smoking or open flames in storage area.

Avoid personal body contact (skin/eye contact, etc.) with high pressure gas
stream

Awoid all possible sources of accidental ignition (i.e., static electricity or any other
explosive source)
Test for hazardous concentrations prior to entering meter stations

SECTION 13. DISPOSAL CONSIDERATIONS

Dssposal Allera 1 dssipate 1o the stmosphere (if permitted by Tederal provincialimunicipal
requirements). Dispose in a sale location, preferably by burming with & Nare_ Il
dsposal of nalural gas cannot be Nlared, care must be aken lo ensure complete
dissipation of the gas o a concentration below its Nammable kmits.

SECTION 14. TRANSPORT INFORMATION

TDG Classification: Class 2.1 Flammable Gases

LIN/PIN Mismiber: 1971

TDG Shipping Descripion:
Special Shipging Infarmation.

Nailural gas, compressed wilh high methane corlent
Handle as extremely Nammable gas. Precaution should be taken 1o minimize
inhalation of nalural gas.

SECTION 15.

REGULATORY INFORMATION

181 Canadian Regulations

Matural Gas (BO0B-14-2)

ATCO SDS (revised April 2, 2019)
Natural Gas

3of9Page

ATCD 0% (revised Apnl 2, 2019)
Matural Gas
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6. Fawaslaeanlan (Sulfur Dioxide) (SO,)°

SAFETY DATA SHEET Airgas.

Sulfur Dioxide Y
Section 1. Identification |
GHS product identifier : Sulfur Dioxide
Chemical name : sulphur dioxide
Other means of : Sulfur dsoxde Sutfur onds oxide; acid ide; E 220;
identification ulfur dioxide,
anhydrous; Dcwde of ml\r Sdphw: dioxide; SULFUR DIOXIDE, LIQU|D
Product type : Gas.
Product use : Synthetic/Analytical chemistry.
Synonym : Sulfur diuxldu . Sulfur oxide; Sulf oxide; Sulft acid E 220;
Suifur X ide; Sulfur dioxide,
anhydrous; kade of sulfur, Sulphure dicxide; SULFUR DIOXIDE, LIQUID
SDS# : 001047
Supplier's details : Airgas USA, LLC and its affiliates
259 North Radnor-Chester Road
Suite 100
Radnor, PA 19087-5283
1-610-687-5253
24-hour telephone : 1-866-734-3438

‘Sulfur Dicxide
Section 4. First aid measures
Inhalation : No specific data.
Skin contact : Adverse symptoms may include the following:, pain or irritation, redness, blistering may
oceur
Ingestion : Adverse symptoms may include the following:, stomach pains

¢ Treat symptomatlcally Con!ad poison treatment spoaals( immediately if large

No&u to phyﬂdm

quantities have been ingested or inhaled.
Specific treatments : No specific treatment.
Protection of first-aiders : No action shall be taken involving any personal risk or without suitable training. If itis

suspedadlhnll\m-sau still present, the rescuer should wear an appropriate mask or

It may be dang to the person providing aid to
give mouth-to-mouth i Wash i clothing ghly with water
before removing it, or wear gloves.

See toxicological information (Section 11)
[Section 5. Fire-fighting measures

Section 2. Hazards identification |

OSHA/HCS status : This material is considered hazardous by the OSHA Hazard Communication Standard
(29 CFR 1910.1200).
: GASES UNDER PRESSURE - Liquefied gas
ACUTE TOXICITY (inhalation) - Category 3
SKIN CORROSION - Category 1
SERIOUS EYE DAMAGE - Category 1

Classification of the
substance or mixture

Extinguishing media

Suitable extinguishing : Use an extinguishing agent suitable for the surrounding fire.

media

: None known.

media
Specific hazards arising : Contains gas under pressure, In a fire or if heated, a pressure increase will occur and
from the chemical the container may burst or explode.

Hazardous thermal : Decomposition products may include the following materials:

decomposition products sulfur oxides

Special protective actions isclate the scene by removing all persons from the vicinity of the incident if

there is a fire. NomdﬂluhkmhmMnguwmmkwmehh

for fire-fighters
GHS label elements training. Contact supplier i for from fire
Hazard pictograms area if this can be done without risk. mcw-hlwlymkupﬁmxpoudwnmm
cool.
Special protective ¢ Fire-fighters should wear and self "]
for fire-figl (SCBA) with a full face-piece operated in positive pressure mode.
Sighel Wota &iDinges |§ectlon 6. Accidental release measures
Hazard statements : Contains gas under pressure; may explode if heated.
Causes severe skin bums and eye damage. ) )
Toxic if inhaled. Fotnonmou\cy : Noncﬂmuhdlbohkmhvdvhgmymm&mwwmmmw
Precautionary statements personnel Evacuate surrounding areas. Keep y and from
General : Read and follow all Safety Data Sheets (SDS'S) before use. Read label before use. entering. Do not breathe gas. Provide Wear ap
Keep out of reach of children. If medical advice is needed, have product container or when Is Put on approp
label at hand. Close valve after each use and when omply Use equipment rated for equipment.
cylinder pressure, Do not open valve until for use. For gency s clothing Is reqy 1o deal with the spillage, take note of any information in
Use a back flow preventative device in the piping. Uumlymhmrldwﬂmm Section 8 on suitable and unsuitable materials, See also the information in "For non-
of Always keep in upright position emergency personnel”.
Prevention 1 Wear p gloves. Wear clothing. Wear eye or bu protection. Use
only or in & welt aroa. Avold 9 gas. pr : Ensure gency to deal with gas are In place to avoid
Response : Immediately call a POISON CENTER or doctor. IF INHALED: Remove person lo fresh of the Inform the relevant authorities if the product has
air and keep comfortable for breathing. IF SWALLOWED: Rinse mouth. Do NOT caused (sewers, , s0il of air).
Iinduce vomiting. IF ON SKIN (or hair): Take off immediately all contaminated clothing.
Rinse skin with water. IF IN EYES: Rinse cautiously with water for several minutes.
Remove contact lenses, if present and easy to do. Continue rinsing. Methods and materials for containment and cleaning up
Storage : Store locked up. Protect from sunlight. Store in a well-ventilated place. Small spill : contact gency p Stop leak if without risk.
Date of issweDate of revision 1 202021 Date of previous issve o8 Version 102 1/11] |mndumum 1 W2002021 Date of previous issue 12018 Version 102 n
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‘Suifur Dicwide
Section 11. Toxicological information Sty Dot
L Section 16. Other information
Specific target organ toxicity (single exposure]
n i Flammability
Mot available. ()
Health Instability Reactivity
ific ta n toxici exposure] v 2
Mot available. 5
Reprinted with permission from NFPA 704-2001, identification of the Hazards of Materials for
AL St Copyright ©1997, Fire Quincy, MA 02269. This reprinted material is
Not available. not the complete and official position of the Fire on the subject
-mnhmmwnwmuom
Information on the likely * Mot available. Fire P Quincy, MA 02269. This warning system is intended to
routes of exposure nwmmmmwmmmnmmym health and reactivity hazards of
chemicals. The user is referred to certain limited number of chemicals with recommended classifications in
Eotential acute heaith effects _ NFPA 49 and NFPA 325, which would be used as a g only. the are classified by NFPA
Eye contact : Causes serious eye damage. umtmuﬁqmnmmm&nﬂycmmnnmwm
Inhalation ¢ Touic if inhaled. Procedure used o derive the classification
Skin contact ¢ Causas savere burns. Cias 3
Ingestion © As this product is a gas, refer to the inhalation section. ~ -
GASES UNDER PRESSURE - Liquafied gas Expert judgment
ACUTE TOXICITY (inhalation) - Category 3 On basis of 1est dats
Sy ralated to the and toxicological ch SKIN CORROSION - Category 1 Expert judgment
Eye contact : Adverse symptoms may include the following:, pain, watering, redness SERIQUS EYE DAMAGE - Category 1 Expert jucgment
Inhalation : Mo specific data. History
Skin contact : Adverse symptoms may include the following:, pain or irritation, redness, blistering may Date of printing : 2972021
oeeur Date of issue/Dste of : 292021
Ingestion : Adverse symploms may include the following:, stomach pains revision
Date of previous issue : 2112018
Version : 102
Key to abbrevistions : ATE = Acute Toxicity Estimate
Potential immediate ¢ Not available. BCF = Bioconcentration Facior ) 7
effects IAGHTi.GmeIy. hon Syshmc“‘_ and Labeiling of Chemicals
Potential delayed effects @ Mot available. IBC = Intermediate Bulk Container
Long term exposure IMDG = Dange: Goods
Potential immaediate : Mot availabla. LogPow = log: of the partition d
effects MARPOL = C for the Pr of P From Ships, 1973
Potential delayed effects  : Not available. 3,‘"_'“6:,','.‘;",’,',‘;'::"“"‘"‘ ol 1978 ENMIpor' 2 Madna poliion)
Botential chronic health effects References : Not available.
Mot avaliable. Notice to readec
Ganeral ¢ Mo known significant effects or critical hazards. To the best of our ge, the herein is .mm«mmm
Carcinogenicity : Mo known significant effects or critical hazards. w‘h’- nor any of its any lisbility for the ¥ of the
Mutagenicity + No known significant effects or critical hazards. Final determination of suitability of any is the sole y of the user. All materials may present
Teratogenicity : Mo known significant efects or critical hazards. unknown hazards and should be used with cauti gh certain are herein, we cannot
Developmental affects : Mo known significant effects or critical hazards. guarantee that these are the only hazards that exist.
Fartility effects : Mo known significant effects or critical hazards.
Numerical measures of toxicity
Acute toxicity estimates
Route ATE value
Inhalation (gases) 1260 ppm
Date of issuaDate of revision 22021 Date of provious issue : 2172018 Versien :1.02 ;m|

Imdmdm 1 9292027 Dame of previous ssue 122018 WVersion 102 1




7. lulmsiaueenles (Nitrogen Dioxide) (NO,)*

SAFETY DATA SHEET

Airgas.

Nitrogen Dioxide S A L comosny
Section 1. Identification
GHS product identifier : Nitrogen Dioxide
Chemical name : nitrogen dioxide
Other means of H oxide; dioxide gen oxide (NO2); Nitrogen
identification pemds Dinitrogen heuonde
Product type : Gas.
Product use : Synthetic/Analytical chemistry.
Synonym $ ogen oxide; gen dioxide gen oxide (NO2); Nitrogen
peroxide; Dinitrogen tetroxide
SDS # : 001041
Supplier's details : Airgas USA, LLC and its affiliates
259 North Radnor-Chester Road
Suite 100
Radnor, PA 19087-5283
1-610-687-5253
24-hour telephone : 1-866-734-3438

Section 2. Hazards identification

OSHA/HCS status

Classification of the
substance or mixture

Hazard pictograms

: This material is considered hazardous by the OSHA Hazard Communication Standard

(29 CFR 1910.1200).

OXIDIZING GASES - Category 1

GASES UNDER PRESSURE - Compressed gas
ACUTE TOXICITY (inhalation) - Category 1
SKIN CORROSION - Category 1

SERIOUS EYE DAMAGE - Category 1

QOO

Signal word :
Hazard statements : May cause or intensify fire; oxidizer.
Contains gas under pressure, may explode if heated.
Fatal if inhaled.
Causes severe skin bums and eye damage.
Precautionary statements
General : Read and follow all Safety Data Sheets (SDS'S) before use. Read label before use.
Keep out of reach of children. If medical advice is needed, have product container or
label at hand, uoumaﬂunchuuwmnnmply Use equipment rated for
cylinder pressure. Do not open valve until for use.
Use a back flow preventative device in the piping. Uuoviyowlptm(olmpdbh
materials of construction. Open valve slowly. Use only with equipment cleaned for
Oxygen service.
Prevention : Wear protective gloves. Wear eye or face protection. Wear protective clothing. Wear
:upnbty protection. Keep away from clothing, incompatible materials and
Keep valves, valves and fittings free from oll and
grease. Use only outdoors or in a well-ventilated area. Do not breathe gas. Wash
hands thoroughly after handling.
Date of issue/Date of revision 112018 Date of previous issue

 No previous veidadon Version 1 m:l

Nitrogen Dioxide

Section 4. First aid measures

Potential acute health effects

Eye contact : Causes serious eye damage. Contact with rapidly expanding gas may cause bumns or
frostbite.

Inhalation : Fatal if inhaled.

Skin contact : Causes severe burns. Contact with rapidly expanding gas may cause bumns or frostbite.

Frostbite : Try to warm up the frozen tissues and seek medical attention.

Ingestion : As this product is a gas, refer to the inhalation section.

Qver-exposure signs/symptoms

Eye contact : Adverse symptoms may include the following:, pain, watering, redness

Inhalation : No specific data.

Skin contact : Adverse symptoms may include the following:, pain or irritation, redness, blistering may
occur

Ingestion : Adverse symptoms may include the following:, stomach pains

Notes to physician : In case of in afire, may be delayed.
mewmmﬁ!omkmummwmﬁmhahmn

Specific treatments : No specific treatment.

Protection of first-aiders : No action shall be taken involving any personal risk or without suitable training. If itis

suspeaed that fumes are still present, the rescuer should wear an appropriate mask or

1t may be to the person providing aid to
give mouth-to-mouth i Wash clothing with water
before removing it, or wear gloves.

See toxicological information (Section 11)

[Sectlon 5. Fire-fighting measures

Extinguishing media
Suitable extinguishing
media

Unsuitable extinguishing
media
Specific hazards arising
from the chemical

Hazardous thermal
decomposition products

Special protective actions
for fire-fighters

Special protective
equipment for fire-fighters

: Use an extinguishing agent suitable for the surrounding fire.

: None known.

: Contains gas under pressure, Oxidizing material. This material increases the risk of
fire and may aid Contact with material may cause fire. Ina
fire or If heated, a pressure increase will occur and the container may burst or explode.
Decomposition products may include the following materials:

nitrogen oxides

: Promptly isclate the scene by removing all persons from the vicinity of the incident if
there is a fire. No-a-onmumhmmwmmwmmkuwmmm
training. Contact supplier for Move from fire
area if this can be done without risk. mwmmywmpﬁmxpoudemmn
cool. If involved in fire, shut off flow immediately If it can be done without risk.

: Fire-fighters should wear and self.
apparatus (SCBA) with a full face-piece operated in positive pressure mode.

|mwumum

2018 Date of previous issue

 No previcus vadidation Version 1 2
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Mitrogen Diaiide

Nogen Diexide

Section 10. Stability and reactivity

Section 15. Regulatory information

New Zealand T This malenal is listed of exempled.
Hazardous polymerization  : Under narmal conditions of starage and use, hazardous polymerization will not aceur. Philippines. : This material is listed or exempted.
|Secﬂan 11. Toxicological information RhpNcotnome TS MeleVint s St or ecmpind.
Taiwan : This matesial is listed or exempted.
Infermation on toxicological effects Thailand : Not determined.
By 1) Turkey : Not determined.
Productiingredient name | Result Species Dose Exposure United States : This material is listed or exempted.
nitrogen diaxide LC50 Inhalation Gas. Rat 115 ppm 1 hours Viet Nam : Not detemined.
IritatianiCarrogion Section 16. Other |nformauon
Not available.
meliization Health
Not available.
Flammability
Mutagenicity
Physical hazards
Not available.
. Caution: HMIS® ratings are based on a 0.4 rating scale, with 0 rep or risks, and 4
Mot available. g significant or risks. h HMIS® ratings and the associated label are not required on
Repe " xick sn&ummm-WMrncmutum the preparer may choose to provide them. HMIS®
N rmanlohmodwmnhly HMIS® progr HMIS® is a and service
Not available. mark of the gs Inc.
Teratogenicity The is for g the PPE code for this For more on HMIS®
Mot available. P (PPE) codes, the HMIS® Manual.
Flammability
Health "0 instability/Reactivity
0X™ special
Reprinted with permission from NFPA 704-2001, identification of the of M. for
Net available. Copyright ©1997, U Qnincy MA 02269. Thhnpﬂmmrhlu
not the compiete and official position of the Fire P on the subject
which is represented only by the standard in its entirety.
Information on the likely ¢ Not available. ol
o2001, Fire P Quincy, MA 02269. This warning system is intended to

routes of exposure

be interpreted and applied only by properly trained individuals to identify fire, health and reactivity hazards of

Botential acute heaith effects } - ) chemicais. The user s referred to certain limited of with classifi in
Eye contact : Causes serious eye damage. Contact with rapidly expanding gas may cause bums or NFPA 49 and NFPA 325, -Nm-mummanagm-uonry Whether the chemicals are classified by NFPA
frostbite. or not, anyone using the 704 sy ly does s0 at their own risk.
Inhalation : Fatal if inhaled.
Skin contact : Causes severe burns. Contact with rapidly expanding gas may cause bums or frostbite.
Ingestion : As Ihis productis a gas, refer to the inhalation section. EM S eation
OXIDIZING GASES - Category 1 Expert ucgment
GASES UNDER PRESSURE - Compressed gas According to package
_ ACUTE TOXICITY (inhalation) - Category 1 Expert jucgment
Eye contact : Adverse symploms may include the following:, pain, watering, redness SKIN CORROSION - Category 1 Expert uogment
Inhalation : No specific data. SERIOUS EYE DAMAGE - Category 1 Expert udgment
Skin contact : Adverse symploms may include the following:, pain or iritation, redness, blistering may History
oeeur Date of printing : 211412018
ingestion : Adverse symploms may Include the following:, stomach pains. Date of issue/Date of . 211472018
revision
g il - diaty Date of previous issue : No previous validation
Short term exposure Version t 1
1 2208 Date of proviows isswe Mo previcus validaiion Veraion 1 ?:1"-'| Date of pravious issue 2 NO precus vakdason Version 1 12

|Dl!l of issve/Daie of revision

|mummdm 12142018
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8. lyuea (Methanol) (MeOH)®”

Sigma-Aldrich

SAFETY DATA SHEET e D 2 BT

Print Date 12.01.2022
GENERIC EU MSDS - NO COUNTRY SPECIFIC DATA - NO OEL DATA

according to Regulation (EC) No. 1907/2006

www.sigmaalarncn.com

SECTION 1: Identification of the substance/mixture and of the company/undertaking
1.1 Product identifiers

Product name : Methanol
Product Number : 322415
Brand : Sigma-Aldrich
Index-No. : 603-001-00-X
REACH No. : 01-2119433307-44-XXXX
CAS-No. : 67-56-1
1.2 Relevant identified uses of the or and uses advised i
Identified uses Laboratory chemicals, Manufacture of substances

1.3 Details of the supplier of the safety data sheet

Company : Sigma-Aldrich Pte Ltd
(Co. Registration No. 199403788W)
2 Science Park Drive
#05-01/12 Ascent Building
SINGAPORE 118222

SINGAPORE
Telephone : +65 6890 6633
Fax : +65 6890 6639
E-mail address : TechnicalService@merckgroup.com

1.4 Emergency telephone

Emergency Phone # 1-800-262-8200

SECTION 2: Hazards identification
2.1 Classification of the substance or mixture

Classification according to Regulation (EC) No 1272/2008
Flammable liquids (Category 2), H225

Acute toxicity, Oral (Category 3), H301

Acute toxicity, Inhalation (Category 3), H331

Acute toxicity, Dermal (Category 3), H311

Specific target organ toxicity - single exposure (Category 1), Eyes, H370

For the full text of the H-Statements mentioned in this Section, see Section 16.
2.2 Label elements
Labelling according Regulation (EC) No 1272/2008

Sigma-Aldrich- 322415 Page 1 of 11

The life science business of Merck operates as MilliporeSigma in
the US and Canada

23

e

Signal word Danger

Hazard statement(s)

H225 Highly flammable liquid and vapor.

H301 + H311 + H331 Taxic if swallowed, in contact with skin or if inhaled.

H370 Causes damage to organs (Eyes).

Precautionary statement(s)

P210 Keep away from heat, hot surfaces, sparks, open flames and
ather ignition sources. No smoking.

P233 Keep container tightly closed.

P280 Wear protective gloves/ protective clothing/ eye protection/ face

protection/ hearing protection.

IF SWALLOWED: Immediately call a POISON CENTER,/ doctor.
IF ON SKIN (or hair): Take off immediately all contaminated
clathing. Rinse skin with water.

IF INHALED: Remowve person to fresh air and keep comfortable
for breathing. Call a POISON CENTER/ dactor.

Supplemental Hazard none
Statements

Reduced Labeling (<= 125 ml)

e

P301 + P310
P303 + P361 + P353

P304 + P340 + P311

Signal word Danger
Hazard statement(s)
H370 Causes damage to organs.

H301 + H311 + H331

Precautionary statement(s)
P301 + P310
P304 + P340 + P311

Toxie if swallowed, in contact with skin or if inhaled.

IF SWALLOWED: Immediately call a POISON CENTER,/ doctor.
IF INHALED: Remove person to fresh air and keep comfortable
for breathing. Call a POISON CENTER/ doctor.

Supplemental Hazard fiofe

Statements

Other hazards

This substance/mixture contains no components considered to be either persistent,
bicaccumulative and toxic (PBT), or very persistent and very bioaccumulative (vPvB) at
levels of 0.1% or higher.

SECTION 3: Composition finformation on ingredients

3.1 Substances
Synanyms ¢ Methyl aleahal
Formula : CH4q0
Molecular weight : 32.04 g/mol
CAS-No. : 67-56-1
EC-Na. : 200-659-6
Index-No. 1 603-001-00-X
Sigma-Aldrich- 312415 Page 2 of 11

The life science business of Merck operates as MilliporeSigma in
the US and Canada
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Component | Classification | Concentration
Methanol
CAS-No. 67-56-1 Flam. Liq. 2; Acute Tox. 3; |<= 100 %
EC-No. 200-659-6 STOT SE 1; H225, H301,
Index-No. 603-001-00-X H331, H311, H370

Concentration limits:

>= 10 %: STOTSE 1,
H370; 3 - < 10 %: STOT
SE 2, H371;

For the full text of the H-Statements mentioned in this Section, see Section 16.

SECTION 4: First aid measures

4.1

Description of first-aid measures

Notes to physician
Dizziness Drowsiness metabolic acidosis Blurred vision Seizures. Coma Blindness death

Most important symptoms and effects, both acute and delayed
The most important known symptoms and effects are described in the labelling (see section
2.2) and/or in section 11

Indication of any immediate medical attention and sp tr
No data available

SECTION 5: Firefighting measures

5.1 Extinguishing media
Suitable extinguishing media
Foam Carbon dioxide (CO2) Dry powder Water
ailtadile st aitans a3
For this substance/mixture no limitations of extinguishing agents are given.
5.2 Special hazards arising from the substance or mixture
Carbon oxides
Combustible.
5.3 Advice for firefighters
No data available
5.4 Further information
No data available
SECTION 6: Accidental rel es
6.1 Personal precautions, protective equipment and emergency procedures
For personal protection see section 8.
6.2 Environmental precautions
No data available
6.3 Methods and materials for i nt and cleaning up

Sigme-Aldrich- 322415

No data available

The life science business of Merck operates as MilliporeSigma in
the US and Canada

Page 3 of 11

12.4

125

126

Mobility in soil
Will nat adsorb an soil.

Results of PBT and vPvB assessment

This substance/mixture contains no components considered to be either persistent,
bisaccumulative and toxic (PBT), or very persistent and very biocaccumulative (wPvB) at
levels of 0.1% or higher.

Other adverse effects

Additional ecological
infarrmation

Stability in water

Avoid release to the environment.

at19°CB3-91% -7F2h
Remarks: Hydrolyzes on contact with water. Hydrolyzes readily.

SECTION 13: Disposal considerations

13.1

Waste treatment methods
Mo data available

SECTION 14: Transport information

14.1

14.2

14.3

14.4

14.5

14.6

UN number
ADR/RID: 1230

UN proper shipping name
ADR/RID: METHAMOL
IMDG: METHANOL
IATA: Methanaol

Transport hazard class(es)
ADR/RID: 3 (6.1)

Packaging group

ADR/RID: II

Environmental hazards
ADR/RID: no

Special precautions for user
MNo data available

IMDG: 1230 IATA: 1230

IMDG: 3 (6.1) IATA: 3 (6.1)

IMDG: 1I IATA: II

IMDG Marine pollutant: no IATA: no

SECTION 15: Regulatory information

15.1

Safety, health and environmental regulations/legislation specific for the

substance or mixtura

Sigma-Aldrich- 323413

This material safety data sheet complies with the requirements of Regulation {EC) No.
1907/2006.

Authorisations and/or restrictions on use
REACH - Restrictions on the manufacture, : Methanaol
placing on the market and use of certain

dangerous substances, preparations and articles

(Annex XVII)

Puge 10 of 11

The life science business of Merck operates as MilliporeSigma in
the US and Canada
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www.sigmaaldrich.com

Sigma-Aldrich.

Wersion 6.1

Revision Date 17.09.2019

Print Date 14.01.2022

GENERIC EU MSDS - NO COUNTRY SPECIFIC DATA - NO OEL DATA

of the sut /

according to Regulation (EC) No. 1907/2006

SECTION 1: Identifi

1.1 Product identifiers
Product name

e and of the company/undertaking

Silica-polymer composite proton exchange

membrane
Product Number 1 595780
Brand ¢ Aldrich
REACH No. : A registration number is not available for this substance as the

substance or its uses are exempted from registration, the
annual tonnage does not require a registration or the
registration is envisaged for a later registration deadline.

1.2 Relevant identified uses of the substance or mixture and uses advised against
Identified uses Laboratory chemicals, Manufacture of substances
1.3 Details of the supplier of the safety data sheet

Company :  Sigma-Aldrich Pte Ltd
(Co. Registration No. 199403788W)
2 Science Park Drive
#05-01/12 Ascent Building
SINGAPORE 118222

SINGAPORE
Telephone : +65 6890 6633

Fax : +65 6890 6639
E-mail address :  TechnicalService@merckgroup.com

1.4 Emergency telephone number

Emergency Phone # 1-B00-262-8200

SECTION 2: Hazards identification
2.1 Classification of the sut or mi e
Classification according to Regulation (EC) No 1272/2008
Skin irritation (Category 2), H315
Eye irritation {Category 2), H319
Specific target organ toxicity - single exposure (Category 3), H335

For the full text of the H-Statements mentioned in this Section, see Section 16.
2.2 Label elements
Labelling according Regulation (EC) No 1272/2008
Aldrich- 595780 Pagel of 8
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9. \owandsulusnau (Silica-Polymer Composite Proton Exchange Membrane) 8

Pictogram @

Signal word Warning

Hazard statement(s)

H315 Causes skin irritation.

H319 Causes serious eye irritation.
H335 May cause respiratory irritation.

Precautionary statement(s)

P261 Avoid breathing dust/ fume/ gas/ mist/ vapours/ spray.

P305 + P351 + P338 IF IN EYES: Rinse cautiously with water for several minutes.
Remove contact lenses, if present and easy to do. Continue
rinsing.

Supplemental Hazard none

Statements

2.3 Other hazards - none

SECTION 3: Composition /infor on ingr

3.1 Substances
Component [ Classification [ Concentration
Silica-polymer composite proton exchange membrane

Skin Irrit. 2; Eye Irrit. 2; <= 100 %
STOT SE 3; H315, H319,
H335

For the full text of the H-Statements mentioned in this Section, see Section 16.

SECTION 4: First aid measures
4.1 Description of first aid measures
General advice
Consult a physician. Show this safety data sheet to the doctor in attendance.
If inhaled
If breathed in, move person into fresh air. If not breathing, give artificial respiration.
Consult a physician.

In case of skin contact
Wash off with soap and plenty of water. Consult a physician.

In case of eye contact

Rinse thoroughly with plenty of water for at least 15 minutes and consult a physician.

If swallowed

Never give anything by mouth to an unconscious person. Rinse mouth with water. Consult
a physician.

4.2 Most important symptoms and effects, both acute and delayed
The most important known symptoms and effects are described in the labelling (see section
2.2) and/or in section 11

Aldrich- 595780 Page 2 of 8
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4.3 Indication of any immediate medical attention and special treatment needed
No data available

SECTION 5: Firefighting measures
5.1 Extinguishing media

Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

5.2 Special hazards arising from the substance or mixture
Nature of decomposition products not known.

5.3 Advice for firefighters
Wear self-contained breathing apparatus for firefighting if necessary.

5.4 Further information
No data available

SECTION 6: Accidental release measures

6.1 Personal precautions, protective equipment and emergency procedures
Use personal protective equipment. Avoid dust formation. Avoid breathing vapours, mist
or gas. Ensure adequate ventilation. Evacuate personnel to safe areas. Avoid breathing
dust.
For personal protection see section 8.

6.2 Environmental precautions
Do not let product enter drains.

6.3 Methods and materials for containment and cleaning up
Pick up and arrange disposal without creating dust. Sweep up and shovel. Keep in
suitable, closed containers for disposal.

6.4 Reference to other sections
For disposal see section 13.

SECTION 7: Handling and storage

7.1 Precautions for safe handling
Avoid contact with skin and eyes. Avoid formation of dust and aerosols.
Provide appropriate exhaust ventilation at places where dust is formed.Normal measures
for preventive fire protection.
For precautions see section 2.2.

7.2 Conditions for safe storage, including any incompatibilities
Store in cool place. Keep container tightly closed in a dry and well-ventilated place.

7.3 Specific end use(s)
Apart from the uses mentioned in section 1.2 no other specific uses are stipulated

Aldrich- 595780 Page3 of 8
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12.6 Other adverse effects
Mo data available

SECTION 13: Disposal considerations
13.1 Waste treatment methods

Product

Offer surplus and non-recyclable solutions to a licensed disposal company. Contact a
licensed professional waste disposal service to dispose of this material. Dissolve or mix
the material with a combustible solvent and burn in a chemical incinerator equipped with
an afterburner and scrubber.

Contaminated packaging
Dispose of as unused product.

SECTION 14: Transport information

14.1 UN number
ADR/RID: - IMDG: - IATA: -

14.2 UN proper shipping name
ADR/RID: Mot dangerous goods

IMDG: Mot dangerous goods

IATA: Mot dangerous goods
14.3 Transport hazard class(es)

ADR/RID: - IMDG: - IATA: -
14.4 Packaging group

ADR/RID: - IMDG: - IATA: -
14.5 Environmental hazards

ADR/RID: no IMDG Marine pollutant: no IATA: no

14.6 Special precautions for user
No data available

SECTION 15: Regulatory information

15.1 Safety, health and environmental regulations/legislation specific for the
substance or mixture
This safety datasheet complies with the requirements of Regulation (EC) No. 1907/2006.
International Chemical Weapons Convention : Neither banned nor restricted
{CWC) Schedules of Toxic Chemicals and
Precursors
Restrictions on the marketing and use of certain : Neither banned nor restricted
dangerous substances and preparations
Regulation (EC) Mo 649/2012 of the Eurocpean
Parliament and the Council concerning the
export and import of dangerous chemicals
Candidate List of Substances of Very High
Concern for Authorisation

: Neither banned nor restricted

: Neither banned nor restricted

Aldrich- 595780 Page 7 of 8
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10. azaillleueanlen (Alumina Catalyst) (ALLO5) !

SAFETY DATA SHEET

Spent Catalyst (Various)

F

HOLLYFRONTIER

Section 1. Identification

Product name : Spent Catalyst (Various)
Product code : Mot available.
Synonyms : Zeolific Silica, Alumina Catalyst

g O
: By-Product
¢ Industrial applications.

Product use
Area of application

Manufacturer : HollyFrontier Refining & Marketing LLC
2828 North Harwood
Suite 1300
Dallas, Texas 75201
usa

Customer Service: (888) 286-8836

Emergency telephone
number

: CHEMTREC® {800) 424-9300
CCN 201319

Section 2. Hazards identification

OSHA/HCS status : This material is considered hazardous by the OSHA Hazard Communication Standard

(29 CFR 1910.1200).

Classification of the 1 H3oz ACUTE TOXICITY (oral) - Category 4
substance or mixture H331 ACUTE TOXICITY (inhalation) - Category 3
H319 EYE IRRITATION - Category 2A
H334 RESPIRATORY SENSITIZATION - Category 1
H317 SKIN SENSITIZATION - Category 1
H350 CARCINOGENICITY - Category 1A
H335 SPECIFIC TARGET ORGAN TOXICITY (SINGLE EXPOSURE)
(Respiratory fract irritation) - Category 3
H372 SPECIFIC TARGET ORGAN TOXICITY (REPEATED EXPOSURE)

(heart, kidneys, liver, lungs) - Category 1

Percentage of the mixture consisting of ingredient(s) of unknown dermal toxicity: 82.5%
Percentage of the mixture consisting of ingredient(s) of unknown inhalation toxicity: 50%

S

: Danger
: H331 - Toxic if inhaled.
H302 - Harmful if swallowed.
H318 - Causes serious eye imitation.
H334 - May cause allergy or asthma symptoms or breathing difficulties if inhaled.
H317 - May cause an allergic skin reaction.
H350 - May cause cancer.
H335 - May cause respiratory irritation.
H372 - Causes damage to organs through prolonged or repeated exposure. (heart,
kidneys, liver, lungs)

GHS label elements
Hazard pictograms

Signal word
Hazard statements

Precautionary statements
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| Spent Catalyat (Vanous)

HollyFrontier Refining & Marketing LLC

Ingestion

: Do not induce vomiting unless directed to do so by medical personnel. If vomiting

occurs, the head should be kept low so 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 dical attention. If y, call a poison center or physician.
Never give anything by mouth to an unconscious person. If unconscious, place in
recovery position and get medical attention immediately. Maintain an open airway.
Loosen tight clothing such as a collar, tie, belt or waistband.

Eye contact
Inhalation

Skin contact
Ingestion

Eye contact
Inhalation
Skin contact
Ingestion

I 5
Motes to physician

Specific treatments

Protection of medical
rosponders

: Causes serious eye imitation.

Toxic if inhaled. May cause respiratory irritation. May cause allergy or asthma
symptoms or breathing difficulties if inhaled.

1 May cause an allergic skin reaction.

: Harmful if swallowed.

Qver-exposure signs/symptoms

: pain or irritation; watering; redness

: respiratory tract iritation; coughing: wheezing and breathing difficulties; asthma
1 imitation; redness

Mo specific data.

: Treat symptomatically. Contact poison treatment specialist immediately if large

yuanlilies lave been ingesled o inbaled.
Mo specific treatment.

No action shall be taken involving any personal risk or without suitable training. [fitis
suspected that fumes are still present, the rescuer should wear an appropriate mask or
self-contained breathing apparatus. It may be dangerous to the person providing aid to
give mouth-to-mouth resuscitation. Wash contaminated clothing thoroughly with water
before removing it, or wear gloves.

See toxicological information (Section 11)

Section 5. Fire-fighting measures

Suitable extinguishing
media

Unsuitable extinguishing
media

Specific hazards arising
from the chemical

Hazardous

: Use an extinguishing agent suitable for the surrounding fire.

: Powder: May form co

Do not use water jet.

ible dust con in air.

decomposition products

Special protective actions
for fire-fighters

Special protective
equipment for fire-fighters

H ition products may include the following matenials:

metal oxide/oxides

Promptly isolate the scene by removing all persons from the vicinity of the incident if
there is a fire. No action shall be taken involving any personal risk or without suitable
training.

: Fire-fighters should wear appropriate protective equipment and self-contained breathing

apparatus (SCBA) with a full face-piece operated in positive pressure mode.



Section 12. Ecological information

[Section 16. Other information

National Fire Protection Associ

on {U.S.A

Toxicity
n - Flammability
Productiingredient name Result Species Exposure 8
Aluminium oxide |Acute EC50 114.357 mg/l Fresh water | Daphnia - Daphnia magna - 48 hours Health i Instability/Reactivity
Neonate Special
molybdenum trioxide |Acute LC50 203.2 mg/l Fresh water Daphnia - Daphnia magna - 48 hours B B
Neonate Reprinted with permission from NFPA 704-2001, ldentification of the Hazards of Materials for Emergency
ek L D Response Copyright £1997, National Fire Protection A iation, Quincy, MA 02269. This reprinted material is
lAcute LCS0 70000 pg/l Fresh water Fish - Pimephales promelas 96 hours not the complete and official position of the Firs Protection A tation. on the ref d subject
which is rep ted only by the standard in its entirety.
istence an I il Copyright ©2001, National Fire Protection Association, Quincy, MA 02269. This warning system is intended to
Mot available. be interpreted and applied only by properly trained individuals to identify fire, health and reactivity hazards of
The user is to certain limited number of with classifications in
. NFPA 49 and NFPA 325, which would be used as a guideline only. Whether the chemicals are classified by NFPA
Bicaccumulative potential or not, anyone using the 704 to classify does so at their own risk.
Product/ingredient name LogPow BCF Potantial Procedure used to derive the classification
cobalt oxide - 15600 high Classification Justification
nickel monoxide - 5613 high Acute Tox. 4, H302 Calculation method
Acute Tox. 3, H331 Calculation method
~ Eye lrrit. 24, H319 Calculation method
Mobility in soil Resp. Sens. 1, H334 Calculation method
Soiliwater partition : Not available. Skin Sens. 1, H317 Calculation method

coefficient (Koc)

Other adverse effects

: No known significant effects or critical hazards.

Section 13. Disposal considerations

Disposal methods

: The generation of waste should be avoided or minimized wherever possible. Disposal
of this product, solutions and any by-products should at all times comply with the
requirements of environmental protection and waste disposal legislation and any
regional local authority requirements. Dispose of surplus and non-recyclable products
via a licensed waste disposal confractor. Waste should not be disposed of unireated fo
the sewer unless fully compliant with the requirements of all authorities with jurisdiction.
Waste packaging should be recycled. Incineration or landfill should only be considered
when recycling is not feasible. This material and its container must be disposed ofin a
safe way. Care should be taken when handling emptied containers that have not been
cleaned or rinsed out. Empty containers or liners may retain some product residues.
Avoid dispersal of spilled material and runoff and contact with soil, waterways, drains

and sewers.

Section 14. Transport information

Carc. 1A, H350
STOT SE 3, H335
STOT RE 1, H372 (heart. kidneys, liver, lungs)

Calculation method
Calculation method
Calculation method

Date of issue/Date of oo 12142017
revision
Date of previous issue r 12/20/2014
Version : 2
Key to abbreviations ¢ AlE =Acute |oxicity Estimate
BCF = Bioconcentration Factor
GHS = Globally System of Cl ion and Labelling of Chemicals

IATA = International Air Transport Association
IMDG = International Maritime Dangerous Goods
LogPow = logarithm of the octanoliwater partition coefficient
UN = United Nations
W Indicates information that has changed from previously issued version.
Notice to reader
To the best of our k ledge, the i i
manufacturer, nor any of its ies,
the information contained herein.
Final determination of suitability of any material is the sole responsibility of the user. All materials may present

d herein is te. H , neither the above-named
any liability wh: for the or of

DOT Classification

IMDG

IATA

UN number

Not regulated.

UN30TT

UN3077

UN proper -
shipping name

ENVIRONMENTALLY
HAZARDOUS SUBSTANCE,
S0LID, N.O.5. (cobalt oxide)

Enviranmentally hazardous
substance, solid, n.o.s. (cobalt
oxide)

Transport -
hazard class(es)

9

9

Date of issusDate of revision

112142017

Date of previous issue

112/29/2014

Version :2 Mr|

L and should be used with caution. Although certain hazards are described herein, we cannot
guarantee that these are the only hazards that exist.

|Doee of issueDate of revision

12142017 Date of previous issue 12292014

Version 12 141
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11. pauwas Fareanlan (Cu/ZnO) (100

Safety Data Sheet
ace. to OSHA HCS

g date 01/23/2014

R

Reviewed an 05/25/2010

Safaty Data Shaat
acec. to OSHA HCS

g date 01/23/2014 Reviewed on 05/25/2010

1 Identification

Product identifier

Product name: Copper based methancl synthesis catalyst

Stock number: 35776

Relevant identified uses of the substance or mixture and uses advised agaiost.
Identified use: SUZ4 Scientific research and dewelopment

Details of the supplier of the safety data sheet
Manufacturer/Supplier:

Alfa Aesar, A Johnson Matthey Company

Johngon Matthey Catalog Company, Inc.

30 Bond Street

Ward Hill, MA 01B35-803
Tel: 800-342-0860
800-322-4757
Email: tech®alfa.com

Information Department: Health, Safety and Environmental Department
Emergency telephone number:

ours call Carechem 24 at (866) S28-0789.

mal hours the Health, Safety and Environmental Department at (§00) 343-0660. After

Froduct name: Copper based methancl synthesis catalyst

2 Hazard(s) identification

ification of the substance or mixturse
ification according to Regulation (EC) No 1372/2008

& GES06 Skull and crossbones

Acute Tox. 3 H301 Toxic if swallowed.

GHSOT

Causes skin irrication
Causes seri

Harmful

L

swallowed.
Irritant
Irritating to eyes, respiratory system and skin.

N; Dangerous for the environment

Labelling according to Regulation (EC) No 127272008
The substance is classified and labeled according to the CLF regulation.
Hazard pictogzams

&

GHEDE

signal word Danger

Hi rd statements

H201 Toxic if swallowed.

H3IS Causes sl irritation.

H313 Causes serious eye irritation

H33E May cause respiratory irritatiom.

Frecauticnary statemants

F251 Avoid breathing dust/fume/gas/mist/vapou

=/spray.

R50/53: Very toxic to aguatic organisms, may cause long-term adverse effects in the
aguatic envircoment.
ion ng particalar

for buman and environment: Not applicable

ICentd. cn page

{Coned. of page )

F301eF310 IF SWALLOWED: Immediately call a POISON CENTER/ doctar,
PI0E#PI51+P338 IF IN EVES: Rinse cauticusly with water for several
lemses, if present and easy to do. Continue rinsing.

tes. Remove comtact

FI02+P352 IF ON SKIN: Wash with plenty of water/—
F40s store locked up.
P01 Dispose of contents/container in accordance with local/regional/natiomal/

international regulations.
WENIS classification
D28 - Toxic material causing othar towic affaces

Classification system
EMIS ratings (scale 0=d)
{Hazardons Materials Tdentification System)

HEMLTH [ Health facute effects) = 1
FIRE o Flammability = 0

hysical Hazard - 1
REACTIVITY| 1

Other hazards

Results of FET and vFvB as
FBT: Not applicable.

vPVE: applicable.

"

3 Composition/information on ingredients

Chemical zatiom: Sub
CAS# Descriptiom:
Coppar bazed methanal synthasiz catalyst

"

First-aid measures

Description of first aid measur
After inhalation

Supply fresh air. If required, provide arti
Seek immediate medical adwice.

After skin comtact

Immediately wash with water and scap and rinse thoroughly.

Seek immediate medical adwice.

After eye contact

Rinse cpened eye for several minutes under runmning water. Then consult a doctor.
After swallowing Seek medical treatment.

Information for doctor

Most symp and eff yed

No further relevant information aw. able.

Indication of any immediate medical attention and special treatment needed
No further relevant information av: able.

ial respiration. Keep patient warm.

both acote and de.

tn

Fire-fighting measures
Extinguishing media

h water spray or

tant foam

Spacial hasards arising fram the substance or mixturs

If this product is involved in a fire, the following can be released:

cnoxide and carbon dicxide
Advice for firefighters

Frotective egquipment:

Wear self-contained respirator.

Wear fully protective impervicus sui

& Accidental release measures

rersonal precaurions, Procecrive equIpment and emergency procedures

Wear protective equipment. Keep unprotected persons away.
iContd. cn page 3)

MEE m—
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R

Safety Data Sheet
ace. to OSHA HOS

ing date 01/23/2014 Reviewed on 05/25/2010

Product name: Copper based methanol synthesis catalys

{Coned. of page 3}

Ensure adeguate ventilation

Environmental precautions:

Do not allow material to be released to the enviromment without proper governmental permits.
Do not allow product to reach sewage system or any water course.

Do not allow to penetrate the ground/scil.

Methods and material for containment and cleaning up:

Dispase inated material as waste according to item 13.

Ensure adeguate ventilation.

Prevention of secondary hazards: No special measures required.
Reference to other section
See Section 7 for information on safe handling

n on personal protection
See Section 13 for disposal information.

7 Handling and storage
Handling
Pracautions for safe handling
Keep container tightly sealed.
Store in cocl, dry place in tightly closed comtainers.
Ensure good ventilation at the workplace.
about against losi and fires: No information known.
conditions for safe storage, any bilities
Storage
Requirements to be met by and + No special requirements.
Information about storage in one common storage facility: Store away from cxidizing agents.
Further information about storage conditions:
Keep container tightly sealed.
Store in cool, dry conditions in well sealed containers.
Spacific end use({s) No further relevant information available.
8 Exposure controls/perscnal protection

Additional information about design of technical systems:
Froperly operating chemical fume hood designed for hazardous chemicals and having an average
face velocity of at least 100 feet per minute.

Control parameters

Components with limit values that require monitoring at the workplace:

graphite

mg/m3
ACGIH TLV z
Belgium TWA 2.5
Finland TWA ]

z

&

]

2

z

z

5 (dust)

2.5

5-LTEL

15 mppef

mg.

o

Belgium TWA o
Denmark TWA o
Finland TWA o
France WME o
o

[

o

o

o

Germany MAK
Hungary TWA
Netherlands MAC-TGG
Norway THA

; 0.3-ETEL (fume)
2-5TEL (dust)
TEL  (dust)

Poland THA

Russia
{Coned. oo page 4)

SA —

Fage &/7

Safety Data Sheet
ace. te OSHA HCS

nting date 01/23/2014

Reviewsd on 05/25/2010

I Product name: Copper based mathanol synthesis catalyst

{Coned. of page 51

13 pisposal considerations
Waste treatment methods

Uncleaned packagings:

Recommendation Consult state, local or natiomal regulati

©s to ensure proper disposal.

Racommendation: Disposal must be made according to official regulations.

14 Transport information

V- Number
DOT, ADR, IMDG, IATA

uNIaTT

OV proper shipping mame
nor

Enviranmentally hazardous substances, salid,
n.o.s. (Copper based methanol synthesis catalyst)
2077 Envi 11y hazardous subst. s, solid,
n.o.s. (Copper based methanol synthesis catalyst)
ENVIRONMENTALLY HAZARDOUS SUBSTANCE, SOLID,

N.0.8. (Copper based methanol synthesis catalyst)

cellaneous dangercus substances and
les.

1lanecus d ubstances and

9 ai

5 Miscellaneous dangercus substances and
arcicles.

Facking group

DOT, ADR, IMDG, IATA IIr

Environmental hazards:

Special marking (ADR)}: Symbal sh and tree)
Special marking (IATA): Symbal sh and tree)

Spacial precautions for usar

Danger code (Kamlar):

Warning: Miscellanecus dangerous substances and
articles

50

T msmprs L Lulk avvosdisy tu Asses IT of
MARPOLF3/78 and the IBC Code

ot applicable.

Transport/Additional information:

Marine Follutant (DOT):

o

N "Model Regulation®:

UN3A77, Envi 11y rdous subst '
solid, n.o.s. (Copper based methancl synthesis
catalyst), 8, III
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12. wwan@aua (Platinum, Pt)loy

Material Safety Data Sheet WG-0063
Platinum, Pure Page: 10f4

s H
: 2Williams

WY ADVANCED MATERIALS

N || ams Material Safety Data Sheet WG-0063
Z/I0N ADVANCED MATERIALS Platinum, Pure Page: 20f 4

Section 1: Product and C Identification
PRODUCT NAME: Platinum
CHEMICAL FAMILY: Metal
CHEMICAL NAME: Alloy

MANUFACTURER: Williams Advanced Matcrials
2978 Main Street
Buffalo, NY 14214

EMERGENCY TELEPHONE: T16-837- 1000 T16-838-1129 (24 hour)

Section 4: First Aid Measures

Section 2: Composition/Ingredients

MATERIAL CAS No, G wl. *TLV, ACGIH * PEL.OSHA

Platinum TH0-D6-4 + 9 1 1

*All expasure limits are in milligram per cubic meter of air (mg/m3)

FIRST AID FOR EYES: Dust or powder should be flushed from the eyes with running water for 15 minutes. If irritation
persists obtain medical assistance.

FIRST AID FOR SKIN: Skin cuts and abrasions can be treated by standard first aid. Skin contamination with dust or powder
can be removed with soap and water. If irritation persists obtain medical assistance.

FIRST AID FOR INGESTION: Obtain medical assistance at once.

FIRST AID FOR INHALATION: Breathing difficulty, caused by inhal of dust or fume requires removal to fresh air
1f breathing has stopped perform artificial respiration and seck medical assistance at once.

Section 5: Fire Fighting Measures

Section 3: Hazard Identification

EMERGENCY OVERVIEW: The alloys as sold in solid form are generally not considered hazardous. However, if the process
involves grinding, melting, cutting or any other process that causes a release of dust or fumes, hazardous levels of airborne
particulates could be gencrated.,

PRIMARY ROUTES OF ENTRY:  Inhalation, Skin contact.,

TARGET ORGANS: Respiratory tract; Skin

HUMAN EFFECTS AND SYMPTOMS OF OVEREXPOSURE:  Listed below are certain potential health hazands, which apply
to the hazardous ingredients, found in the subject alloy.

PLATINUM: Inhalation; may cause irritation to nose and y tract, if is or

MEDICAL CONINTIONS AGUGRAVATED BY EXPOSURE:
Individuals who may have had allergic reactions to metals or sensitivity, may encounter skin rash or dermatitis, if skin contact
with this product eccurs, Persons with impaired pulmonary functions, may incur further impairment if dust or fumes are inhaled

CARCINOGENIC REFERENCES:
Material is not listed in the Annual Report on Carcinogen as prepared by the National Toxicology Progeam (NTP), as well as
the International Agency for Research on Cancer (IARC), Monograph Series or by OSHA,

FLASH POINT: Non-flammable as a solid

EXTINGUISHING MEDIA: This material is non-combustible. Use approp: ex hing agent for sur ling fires.

Do not use water to extinguish fires around operations involving molten metal, due to the potential for steam explosion.

SPECIAL FIRE FIGHTING PROCEDURES: Scif-contained breathing apparatus should be wom when fighting metal dust
fires. High levels of dust or fine particles in the air may ignite or explode.

Section 6: Accidental Release Measures

SPILL OR LEAK PROCEDURES: In solid form this matcrial poses no special clean-up problems. Use normal clean up
procedures; wet sweeping or HEPA vacuum, for clean up of dust or powder, Do not use compressed air for cleaning

Section 7: Sto and

In solid form this material poses no special problems. Store metal in a dry area. Do not store adjacent to acids

Section 8: Exposure Control/Personal Protection

EYE PROTECTION REQUIREMENTS:
Safety glasses are recommended.

SKIN PROTECTION REQUIREMENTS:
Protective gloves are recommended, to prevent mechanical irritation

RESPIRATORY PROTECTION
Not normally required. Use an appropriste NIOSH approved respirator if airborne dust concentration exceed the OSHA
PEL or ACGIH , TLV

OTHER PROTECTIVE EQUIPMENT
Eye wash fountain should be readily available in arcas of use or handling

EXPOSU IMITS!
Refer to Section 2,
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E‘"’é Wi“i ams Material Safety Data Sheet WG-0063
Z/IVR ADVANCED MATERIALS Platinum, Pure Page: 3of 4

VENTILATION REQUIREMENTS:
LOCAL EXHAL Recommended, when cotting, grinding or melting or any other operation where dust or fumes are created
GENERAL: Recommended

ENVIRONMENTAL SURVEILLANCE: If the operation generates dust or fumes, exposure to airbome materials should be
determined by having air samples taken in the employees breathing zone and work area.

"“Wiilliams Material Safety Data Sheet —

-

Z

2 i
410X ADVANCED MATERIALS Platinum, Pure Page: dof 4

Section 15: Regulatory Information

Section 9: Physical and Chemical Properties

PHYSICAL FORM: Solid metal COLOR: Silvery - white
DODOR: None MELT POINT: 17727 (100%FY)
S0LUI Insoluble SPECIFIC GRAVITY: N/A
VOLAT Essentially zero VAPOR PRESSURE:  Vares
DENSITY: 2124 @ ' (100% Pr)
Section 10: Reactivity
STABILITY: This is a stable material, HAZARDOUS POLYMERIZATION: Will not occur.
INCOMPATIBILITIES: Acetylene, Ammonia, Acids and Strong Oxidizers.
May undergo hazardous reaction with Al Acetone Arsenic, Hydrogen
Peroxide

DECOMPOS|

N PRODUCTS: None under proper usage conditions.

CONDITIONS TO AVOID: Conditions which create dust or fumes,

DSHA STATUS: Nospecific regulations. The Hazand Communication Standard of the Occupational Safery and Health
Administration, 20 CFR 1910.1200, considers components of this prodisct a Hazardous Substance_

TSCASTATUS:
These products are a mixiure. Components of these products are listed on the TSCA Chemical Substance Inventory of
Existing Chemical Substances.

RCRA STATUS: Not regulated. in solid form

SARA TITLE II: The constituents of this alloy contain hazardous substances, above one{ 1) percent, and are subject 1o the
reporting requirements under SARA Tite [ Section 313,

BSTANCE CAS Ne. PERCENT MAXIMIUM
Platinuem T40-22-4 100

INTERNATIONAL REGULATIONS:
CANADA - WHMIS Disclosure List
Mot regulaed

Section 16: Other Inf i

Section 11: Toxicological Information

There is no information on the tox of this alloy . Under normal use of the solid form of this material there are few health hazards.
Welding, cutting grinding or any process creating dust, fume or oxide may cause hazardous levels of certain elements, as addressed

in Section 2.

Section 12: Ecological Information

In solid form this material poses no special environmental problems. Metal powder or dust may have significant impact on air and

y. Emissions, spills and releascs 1o the en should be ¢ lled immediately.

Section 13: Dispesal Considerations

Because of its high intrinsic value this material should be reclaimed. Dispose of in accordance with all applicable Federal, State and
Local Regulations.

Section 14: Transportation Information

DAVT, SHIPPING NAME: Not regulaied  TECHNICAL SHIPPING NAME: Metal Alloy
D.OT, HAZARD O : Naone UN/NA NUMBER. None
PRODUCT RO None

FREFARED BY: Lie Owream, CECM
DATE OF REVISION: August 2001
This MSDS has been revised following the guidelines outlined in the American National Standard for Hazardous Materials

Z400.1. Material Safety Data Sheets— Preparation™
DISCLAIMER:

The information and recommendations are taken from sources believed o be sccurate. Williams Advanced Materials makes no
warranty with respect of the accuracy of the information or the suitability of the recommendations,, and assumesno lability wo any
user theneof.
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13. giiilen eenlws (Ruthenium(lv) Oxide) (RUO,) %2

Sigma-Aldrich

www.SIgmaaldrich com

SAFETY DATA SHEET

according to Regulation (EC) No. 1907/2006

Revision Date 27.09.2019
Print Date 22.01.2022
GENERIC EU MSDS - NO COUNTRY SPECIFIC DATA - NO OEL DATA

SECTION 1: Identification of the substance/mixture and of the company/undertaking
1.1 Product identifiers

Product name Ruthenium(1V) oxide

Product Number : 238058

Brand 1 Aldrich

REACH No. : A registration number is not available for this substance as the

substance or its uses are exempted from registration, the

annual tonnage does not require a registration or the

registration is envisaged for a later registration deadline.
CAS-No. : 12036-10-1

1.2 Relevant identified uses of the substance or mi e and uses advised i
Identified uses Laboratory chemicals, Manufacture of substances
1.3 Details of the supplier of the safety data sheet

Sigma-Aldrich Pte Ltd

(Co. Registration No. 199403788W)
2 Science Park Drive

#05-01/12 Ascent Building
SINGAPORE 118222

SINGAPORE

Telephone : +65 6890 6633
Fax : +656890 6639
E-mail address :  TechnicalService@merckgroup.com

1.4 Emergency telephone number
1-800-262-8200

Company

Emergency Phone #

SECTION 2: Hazards identification
2.1 Classification of the substance or mixture

Classification according to Regulation (EC) No 1272/2008
Eye irritation (Category 2), H319

For the full text of the H-Statements mentioned in this Section, see Section 16.
2.2 Label elements
Labelling according Regulation (EC) No 1272/2008

Pictogram
Aldrich- 238058 Page 1 of 8
The life science business of Merck operates as MilliporeSigma In

the US and Canada

Signal word Warning
Hazard statement(s)
H319 Causes serious eye irritation.

Precautionary statement(s)
P305 + P351 + P338 IF IN EYES: Rinse cautiously with water for several minutes.
Remove contact lenses, if present and easy to do. Continue
rinsing.

Supplemental Hazard none

Statements

2.3 Other hazards
This substance/mixture contains no components considered to be either persistent,
bioaccumulative and toxic (PBT), or very persistent and very bioaccumulative (vPvB) at
levels of 0.1% or higher.

SECTION 3: Composition/information on ingredi
3.1 Substances
Synonyms :  Ruthenium dioxide
Formula : OzRu
Molecular weight 133,07 g/mol
CAS-No. 1 12036-10-1
EC-No. 1 234-840-6
Component | Classification | Concentration
Ruthenium (IV) oxide
| Eye Irrit. 2; H319 [<= 100 %

For the full text of the H-Statements mentioned in this Section, see Section 16.

SECTION 4: First aid measures
4.1 Description of first aid measures
General advice
Consult a physician. Show this safety data sheet to the doctor in attendance.
If inhaled
If breathed in, move person into fresh air. If not breathing, give artificial respiration.
Consult a physician.
In case of skin contact
Wash off with soap and plenty of water. Consult a physician.
In case of eye contact
Rinse thoroughly with plenty of water for at least 15 minutes and consult a physician.

If swallowed
Never give anything by mouth to an unconscious person. Rinse mouth with water. Consult
a physician,

4.2 Most important symptoms and effects, both acute and delayed
The most important known symptoms and effects are described in the labelling (see section
2.2) and/or in section 11

Aldrich- 238058 Page 2 of 8

The life science business of Merck operates as MilliporeSigma in
the US and Canada
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4.3 Indi i oftny' di dical i and ial tr nt ded
No data available

SECTION 5: Firefighting measures
5.1 Exhnguuhmg media

i P e

Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

5.2 Special hazards arising from the substance or mixture
Ruthenium oxide

5.3 Advice for firefighters
Wear self-contained breathing apparatus for firefighting if necessary.

5.4 Further information
No data available

SECTION 6: Accid. I rel

6.1 Personal pr i pr ive i and emergency procedures
Use personal protective equipment. Avond dust formation. Avoid breathing vapours, mist
or gas. Ensure adequate ventilation. Avoid breathing dust.
For personal protection see section 8.

6.2 Envir i
Do not let pmduct enter drains.
6.3 Methods and materials for i and cleaning up

Pick up and arrange disposal without creating dust. Sweep up and shovel. Keep in
suitable, closed containers for disposal.

6.4 Reference to other sections
For disposal see section 13.

SECTION 7: Handling and storage

7.1 Precautions for safe handling
Avoid contact with skin and eyes. Avoid formation of dust and aerosols.
Provide appropriate exhaust ventilation at places where dust is formed.
For precautions see section 2.2.

7.2 Conditions for safe storage, including any i patibilities
Store in cool place. Keep container nghtly closed in a dry and well-ventilated place.

7.3 Specific end use(s)
Apart from the uses mentioned in section 1.2 no other specific uses are stipulated

Aldrich- 238058 Page 3 of 8

The life sclence business of Merck operates as MilliporeSigma in
the US and Canada
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levels of 0.1% or higher.

12.6 Other adverse effects
No data available

SECTION 13: Disposal considerations

13.1 Waste treatment methods
Product
Offer surplus and non-recyclable solutions to a licensed disposal company. Dissolve or
mix the material with a combustible solvent and burn in a chemical incinerator equipped
with an afterburner and scrubber.
c . o P
Dispose of as unused product.

SECTION 14: Transport information

14.1 UN number
ADR/RID: - IMDG: - IATA: -

14.2 UN proper shipping name
ADR/RID: Not dangerous goods
IMDG: Not dangerous goods

IATA: Not dangerous goods
14.3 Transport hazard class(es)

ADR/RID: - IMDG: - IATA: -
14.4 Packaging group

ADR/RID: - IMDG: - IATA: -
14.5 Environmental hazards

ADR/RID: no IMDG Marine pollutant: no IATA: no

14.6 Special precautions for user
No data available

SECTION 15: Regulatory information

15.1 Safety, health and envir | regulations/legislation specific for the
substance or mixture
This safety datasheet complies with the requirements of Regulation (EC) No. 1907/2006.

15.2 Chemical safety t
For this product a chemical safety assessment was not carried out

SECTION 16: Other information
Full text of H-Statements referred to under sections 2 and 3.

H319 Causes serious eye irritation,
Aldrich- 238058 Page 7 of 8
The life science business of Merck operates as MilliporeSigma in

the US and Canada



14. Platinum Black High Surface Area (HSA) %%

SAFETY DATA SHEET

Revision Number 2

SECTION 1: \TION OF THE SUBSTANCE/MIXTURE OF THE
1.1 ct identifier
Product Description: Platinum, nominally 60% on high surface area advanced carbon support
CatNo. : 44728
Unique Formula Identifier (UF)  JDEF-76WS-EX0Y-QR63

Recommended Use Laboratory chemicals.

Uses advised against No Information available

1.3. D¢ of

Company Thermo Fisher (Kandel) GmbH
Erlenbachweg 2, 76870 Kandel, Germany
Tel: +49 (0) 721 84007 280
Fax: +49 (0) 721 84007 300
Swiss distributor - Fisher Sclentific AG
Neuhofstrasse 11, CH 4153 Reinach
Tel: +41 (0) 56 618 41 11
e-mail - infoch@thermofisher.com

E-mail address tech@alfa.com

www_alfa.com
Product safety Tel + +049 (0) 7275 988687-0

Carechem 24: +44 (0) 1235 239 670 (Multi-language emergency number)
Poison Information Center Mainz

www_giftinfo.uni-mainz de

Telephone: +49(0)8131/19240

Exclusively for customers In Austria:

Poison Information Center (VIZ)

Emergency call 0-24 clock: +43 1 406 43 43

Office hours: Monday to Friday, 8am to 4pm, tel: +43 1 406 68 98

For customers in Switzerland

Tox Info Suisse Emergency Number: 145 (24hr)

Tox Info Suisse: +41-44 251 51 51 (Emergency number from abroad)
Chemtrec (24h) Toll-Free: 0800 564 402

Chemtrec Local: +41-43 508 20 11 (Zurich)

Poison Centre - Emergency Ireland : National Poisons Information Centre (NPIC) -

Information services 01 809 2166 (8am-10pm, 7 days a week)
Maita : +356 2395 2000
Cyprus : +357 2240 5611

ALFAA44728

Page 1/12

SAFETY DATA SHEET

Platinum, nominally 60% on high surface area advanced carbon support

Revision Date 27-Dec-2020

[ SECTION 2: HAZARDS IDENTIFICATION

2.1. Classification of the substance or mixture

CLP Classification - Regulation (EC) No 1272/2008
Physical hazards

Flammable solids Category 2 (H228)
Health hazards

Based on available data, the classification criteria are not met

Environmental hazards
Based on available data, the classification criteria are not met

Full text of Hazard Statements: see section 16

2.2 Label slements

Signal Word Waming

Hazard Statements
H228 - Flammable solid

Precautionary Statements
P210 - Keep away from heat, hol surfaces, sparks, open flames and olher ignition sources. No smoking

2.3. Other hazards
3.2 Mixtures
CAS No EC No W
Platrum 7440064 | EEC Mo 231-118-1 500 | :
Carbon T440-44-0 | EEC Mo 231-153-3 w00 | Flam. 82 (H228)
ALFAA44T2E

Page 2/12
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SAFETY DATA SHEET

Platinum, nominally 60% on high surface area advanced carbon support Revision Date 27-Dec-2020

Full taxt of Hazard Statements: see section 16

[ SECTION 4: FIRST AID MEASURES |

4.1. Description of first aid measures

General Advice If symptoms persist, call a physician.

Eye Contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes. Get
medical attention.

Skin Contact Wash off immediately with plenty of water for at least 15 minutes. If skin irritation persists,
call a physician.

Ingestion Clean mouth with water and drink afterwards plenty of water. Get medical attention if
symploms ocour.

Inhalation Remove to fresh air. If not breathing, give artificial jon. Getl madical ion if

symploms occur.

Ensure that medical personnel are aware of the material(s) involved, take precautions to
protect themselves and prevent spread of contamination.

Self-Protection of the First Aider

MNone reasonably foresesable.

4.3. In il m ]

Notes to Physician Treat symplomatically.

5.1, Extinguishing media

Suitable Extinguishing Media
approved class D extinguishers. Do not use water or foam.

Extinguishing media which must not be used for safety reasons
No information available,

Thermal decompaosition can lead to release of irritating gases and vapors,

C F
Platinum oxide.
5.3 Advice for firefighters
As In any fire, wear sell wed breathing apparatus p damand, MSHA/NIOSH (approved or equivalent) and full
protective gear,

[ SECTION 6: ACCIDENTAL RELEASE MEASURES |

ALFAA44T2E
Page 3/12

SAFETY DATA SHEET

Platinum, nominally 60% on high surface area advanced carbon support Revision Date 27-Dec-2020

12.2. Persistence and degradability Product contains heavy metals. Discharge into the environment must be avoided. Special
pre-treatment is necessary

Persistence Insoluble in water, May persist.

Degradability Not relevant for inorganic substances.

Degradation in sewage Contains known to be to the or not in waste
treatment plant water treatment plants.

12.3. ul: May have some potential to bioaccumulate; Product has a high potential to bioconcentrate

12.4. W in soil Spillage unlikely to penetrate soil Is not likely mobile in the environment due its low water
solubility.

125. T vPvB No data available for assessment.

assessment.

12.6. Endocrine disrupting.

properties

Disruptor This product does not contain any known or suspected endocrine disruptors

12.7. Other adverse effects

Persistent Organic Pollutant This product does not contain any known or suspected substance

Ozone Depletion Potential This product does not contain any known or suspected substance

13.1. Waste treatment methods

Waste from Residues/Unused Waste is Dispose of in with the P Di

Products on waste and hnardm- waste. Dispose of in with local I

] Dispose of this container to hazardous or special waste point. Empty
retain product residue, (liquid and/or vapor), md can be dangerous. Keep product and
empty container away from heat and sources of ignition.
P Waste C gue (EWC) A g to the Ei Waste Catalog, Waste Codes are not product specific, but
application specific.

Other Information Waste codes should be by the user based on the application for which the product
was used. Do not flush to sewer. Can be landfilled or incinerated, when in compliance with
local regulations.

S - Waste O Disposal should be in accordance with applicable regional, national and local laws and
regulations. Ordinance on the Avoidance and the Disposal of Waste (Waste Ordinance,
ADWO) SR 814.600
https//www fedlex.admin chiellcc/2015/891/en

[ |

IMDGAMO

14.1. UN number UN1325
Flammable solid, organic, n.o.s.

Technical Shipping Name (Platinum powder, CARBON, ACTIVATED)

143, Transport hazard class(es). 4.1

144, Packing group I

ALFAA44728

Page 9/12
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15. Iridium Black™o¥

Page 1/6
Material Safety Data Sheet
According to OSHA and ANSI

Printing date 09/22/2011 Reviewed on 05/21/2011

1 Identification of the substance/mixture and of the company/undertaking
Product identifier
Product name: Iridium black

Stock numbe:
CAS Number:
7439-88-5
EC pumber:
231-095-9
Relevant identified uses of the substance or
Sector of U

43783

mixture and uses advised against.
sU28  Scientific research and development

sheet

Details of the supplier of the safety d
Manufacturer/Supplier:

Alfs Aesar, A Johnsom Matthey Company
Johnson Matthey Catalog Company, Inc.
30 Bond Street

Ward Hill, MA 01835-8039

Tel: 800-343-0660

Fax: 800-322-4757

Email: tech@alfa.com

www.alfa.com

Information Department: Health, Safety and Environmental Department

Emergency telephone number:

During normal hours the Health, Safety and Envirommental Department at (800) 343-0660. After
normal hours call Carechem 24 at (866) 928-0789,

rays e
Material Safety Data Sheet
to OSHA and ANSI

Printing date 09/22/2011 Reviewed on 05/21/2011

Product name: Iridium black

iconed. of page 1)

3 Composition/information on ingredients

Chemical characterization: Substances
cas# Descriptionm:

7439-88-5 Iridium

Identification number(s):

EC pumber: 231-055-3%

2 Hazards identification

Classification of the substance or mixture

GHS0Z Flame

Flammable solid.

Classification according to Directive 67/548/EEC or Directive 1959/45/EC

¥; Highly flammable

R11: Highly flammable
Information concerning particular hazards for human and enviromment: Not applicable

Label elements

Labelling according to EU guidelines:

Observe the gemeral safety regulations when handling chemicals
Code letter and hazard designmation of product:

¥ Righly flammable

Risk phrases:

11 Highly flasmable.

Safety phrases:

13 Take precautionary measures against static discharges,
Raszard description:

WHMIS classification

B4 - Flammable solid

Classitication system
HNIS ratings (scale 0-4)
(Hazardous Materials Identification System)

HEALTH 3 Nealth ute effecta) « 1

FIRE 2 Plammability = 2
Reactivity = 1

REACTIVITY [1

Other bazards

Results of PAT and vPvE assessment
PBTI Not applicable.

vPvB: Not applicable

e

First aid measures

Description of first aid measures

After inhalation

Supply fresh air. If required, provide arcificial respiration. Keep patient warm.
Seek immediate medical advice.

After skin contact

Immediately wash with water and scap and rinse thoroughly.

Seek immediate medical advice.

Aftar sye contact

Rinse opened eye for several minutes under running water. Then consult a doctor,
Afcer swallowing secek medical treatment.

Information for doctor

Most important symptoms and effects, both acute and delayed

No further relevant information awvailable.

Indication of any immediate medical attention and special treatment needed

No further relevant information available.

"

Firefighting measures

Extinguishing media
Suitable extinguishing agents Special powder for metal fires. Do not use water.
For safety reasons unsuitable sxtinguishing agents Wacer

Special hazards arising from the substance or mixture

In case of fire, the following can be released:

Metal oxide fume

Advice for firefighters

Protective equipment:

Wear self-contained respirator.

Wear fully protective impervious auit.

-

Accidental release measure.

1 1 and di

Wear protective equipment. Keep unprotected perscns away.
Ensure adequate ventilation

Keep away from ignition sources

Envircnmental precautions:

Do not allow material to be released to the environment without proper governmental permits.
Methods and material for containment and cleaning up:

Ensure adequate ventilation.

Keep away from ignition sources.

Reference to other sections

See Section 7 for information on safe handling

See Section 8 for information on personal protection equipment.
See Section 13 for disposal information.

i —
Convd. an page 2

~3

Handling and storage

Handling

Precauticns for safe handling

Keep container tightly sealed,

Store in cool, dry place in tightly closed containers.
Ensure good ventilation at the workplace.

Information about protection against explosions and fires:
Protect against electrostatic charges.

Conditions for safe storage,
Storage

Requirements to be met by storercoms and receptacles: ftore in a cool location.

Information about storage in one common storage facility: Seore away from cxidizing agents.
Further information about storage conditions:

Keep container tightly sealed.

Store in cool, dry conditions in well sealed container

any wpatibilities




Page 4/6
Material Safety Data Sheet
According to OSHA and ANST
Printing date 09/22/2011 Reviewed on 05/21/2011
Product name: Iridium black |
(Caned. af page

10 Stability and reactivity

Reactivity
Chemical stability
Thermal ition / conditions to be avoided:
Decomposition will not occur if used and stored according to speci
Possibility of i No dang reactions known
ble materials: oxidizing agents
ds Metal oxide Fume

11 Toxicological information

Information on toxicological effects

Acute toxicity:

Primary irritant effect:

on the skin: May cause irritation

on the aye: May cause irritation
Sansitization: No sensitizing effects known.

Princing data 09/22/2011 Raviawsd an 03/2.

Material Safety Data Sheet
According to OSHA and ANST

I Produce nams: Iridium black

Transpert hazaed clasa
DOT, IMDG, IATA

Class 4.1 Flammahle solids, self-reactive SubSLances
and salid desensitized axplosivas.

Class 4.1 (F3) Flammable solids, salf-reactive

Labal

Bubacute to chronic toxieity: ADN/R Class: applicabla
Gther than potential irritation (see abovel, no informacion on illness or injury o humans Packing groap
from acute or chronic exposure to this product is available. DOT, ADR. INDG, IATA 1rr
Additional toxicological informationm:
To the best of our knowledge the acute and chronic toxicity of this substance is mot fully Environmantal hazards:
Knowm, Marine pellutane: o
No classification data on carcinogenic properties of this material is available from the EFA, Special precastions for user Warning: Flammabhle solids, self-reactive
IARC, NTP, OSHA or ACGIH. substances and solid desensitised explosives
Dapger cede (Kemlar) : 40
rma Tramgpert in bulk according te Anmew IT of
12 Boological info tion MARPOL7I/TE and the IBC Coda Mot applicable.
Toxieity e — - - =
. N "Model Regulatient: N3O89, METAL POWDER, FLAMMABLE, N.0.S5.
Acquatic taxieity: No further relevant information available. (Tridiim), i

Parsistence and degradability No further relevant information available.
b in 1

Biocaccumulative potantial No further relevant information available.

Mobility inm soil No further relevant information available.

Additional ecological information:

General notes:

Do pot allow undiluted product or large quantities of it to reach ground water, water course
or sewage system.

Do pot allow material to be released to the environment without proper governmental permits,
Results of PET and vPvB assessment

PBT: Not applicable.

vPvB: Not applicable.

Other adverse effects No further relevant information available.

13 pisposal considerations

Waste treatment methods

Recommendation Consult state, local or pational regulations to ensure proper disposal.

Uncleaned packaginga:
Recommendation: Disposal must be made according to cfficial regulations.

Regulatory information

Safaty, Bealth and envirenmenral regulaticns/legislation specific for the substance or
mixtura

Produst related hazard information
Observa the genaral safety regularisns whan handling chemicals

Hazard symbal
F Highly flammabla
Risk phrases:

11 Highly flammable.
Safeey
33 Take precautionary measures against static discharges.

Marisnal pagulations

A1l components of this preduct are 1isted im the U.5. Envirommental Protection Agency Texie
Substances Control Act Chemical Substance Imvento:
211 componants of this preduct are listed on tha C
Infermarisn about limicaeiom of us
Chemical safaty

nadian Domestie Subgeamess Lise (DSL).

For use anly by technically qualified individuals.
sesamant: A Chamical Safery Assessment has not bean carried out.

14 Transport information

UN-Number
DOT, ADR, IMDG, IATA UNIORS
ADN Mot applicable

UN proper shipping name

DOT, IMDG, IATA METAL POWDER, FLAMMABLE, N.O.8. (Iridi
ADR 1089 METAL PONDER, FLAMMABLE, N.0.8. (Iridium)
ADN Mot applicable

Other information

ion anly as a sug £ to other informacicn gathared by
Judg of guirability af Chiz infamation to ansura
proper use and procect the health safaty of employees. This i i furnished
hout warranty, and any use of the product not in conformance with this Material Safecy
ien with amy ochar product or process, is the responsibiliry of the

Daparemsne i{asuing MEDS: Fealth, =
Camease:

Zachariah £. Bolr

Global EHS Managar

ety and Environmencal Department .
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G. TanMuALaTNIATFIUATUTINARY

M13°99 G.1 T MUALAZIIATIIUNMIAIUANNNTIF U8 INAEEANLT YR sEImnAlng

1. MUUAAIUSUIUURIE51 0 UL LI NATNISEU1898NANLSINUNER g9 sadvrinenasnulidn Usenia

NIENTNQAFINNTTU W.A. 2547 134

dmsulsslihlminnuue

Faoslaoanles lainnnan 60 ppm
lulpsiaulneenlen laiunnnan 200 ppm
Huazed ldwnndn 120 mg/m?

2. MuuarUsuaesasIevulueInANsE 180NN LS9

UTEMANTENTIQAFNTTY N.A. 2549 135

lalpsaudalng nnsuanludesliinnndd 100 ppm

(lisinsunludidamas)

ASUBULDUDN YA nnsuanludedliunnnia 80 ppm

@15 tvslivainda)

3. AMMUALIATIIUAIUANNTTURDETININIALEEINTSIUEAAINTTH

USENIANTENTIMSNYINTFIIUTRLAL AdLInaay (136

AIRERLN INNTLUIUNITHER  LiAin 400 mg/m?

(aifinsunludidawmas)

Faeslaoenlen NSEUIUNISHER LaitAY 500 mg/m?

(aifinsunludidawmas)

ASUBUNBUDN YA nnszuINnanTiEmsa lvsidedliinnnin 690
ppm

lalasiaudalna nnsEUIUMIHARTIEmMswlseasldinnnin 80
ppm

Tulnstaulaoanlan nnssUIUMIHARTIEmMswlsiesldinnnin 200

ppm




