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ABSTRACT

Supercritical water reforming of glycerol is one of the interesting processes for
hydrogen production that uses to produce electricity through proton exchange
membrane fuel cells (PEMFC). However, the obtained synthesis gas contains high
amount of CO; and CO, which affects the performance of the PEMFC. For this reason,
the adsorption process is used to remove CO,. This project aims to develop models
which integrated system of supercritical water reforming of glycerol with jn situ CO,
removal processes via the AspenPlus™ simulation software and compare between
three production processes, i.e., steam reforming (SCW-STR), autothermal reforming
(SCW-ATR) and chemical looping reforming (SCW-CLR) using supercritical water as a
reactant was considered. Three models were used to determine the optimal process
and conditions of each process by considering hydrogen fraction and thermal self-
sufficient operation. The results showed that the SCW-STR can produce the maximum
hydrogen content and the optimal conditions are temperature of 450 °C and pressure
of 240 atm. The suitable steam to glycerol molar ratio (S/G) and calcium oxide to
glycerol molar ratio (CaO/G) is 40 and 2.5, respectively. Considering the thermal self-
sufficient condition, SCW-ATR and SCW-CLR are the possible processes. The simulation
results indicated that the SCW-CLR can provide more purified hydrogen than SCW-ATR.
The optimal conditions are temperature of 400 °C and pressure of 240 atm. The S/G
ratio is 20, the nickel oxide to glycerol molar ratio (NIO/G) is 3.263 and the CaQ/G ratio
is 2.5.
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3.1.4 578982980V INSTUIUNSHAR LalASIOU

12
3.1.4.1 #19096Y (Feed)
= =3
n. NALYDIDAAU
NAWDI0ARUUIYNOUMEAIUNANTRIDIRUSENOUDUY (WU lunuBa WiD

a £ 1’ =Y & U a a 61 v/ 5 d
LONUDS WTAALRALNDS U1 Lndeatunid nsalududasy LEEATTDUNITLANI ) AIUULWDAR

[
= o

nansznuNziinduiuaunsal lulassnuilfanvuslvndimesoaduiiiuideutiudunis

1

Unuailessiu (pretreatment) uda deirvunlindiweseadulsenaumendizesea 80
wnues 20 Weddudlaglua uashifihogluesiuszneu Taeildnsinstloundiveseadu
100 Alaluasiodalus gumgl 25 ssrwaded wavAudiu 1 usTeIne

1niladngn

to!

.
imiiodngadufudenisdeuthuians 100 Weddudlaslua Tneaae
Fuflunududuild Ao Smsmstouth 4,000 Alaluasedalus gruugdl 25 ssmisaifoa
wazaiy 1 usseme Sefadusasdiulasluaveniwondwesen (5/6) wihiu 40

A. 3INTA

son@auaggniouthluiugiterdvesufislugyuuueinia Taveanie
Usenaugeoendiau 21 uee Tulnsiau 79 Wesdudlawlua Fegnieulasinnizdifiunu
Susuiild Ao igungh 25 s neai@sa anufy 1 usseInA warloudaesns 100
Alaluasiadlue Fedndusananlasiuavesenianeniivoses (AW/G) whiu 1

1. Iniineanlen

sondLanazpniouitnluviugisesvesulislealdfmivends fie dnifa
oonlys ellaizddunududuils fdo dgmuuad 500 ssmueaidoa arudu 240
Us381N1A warsnsinistou 100 Alaluasdedalus Fedndusnsdiulasluavesiniia

sanlenrendiwesea (NIO/G) Wiy 1
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3.1.4.2 fgaduarivaulasanlyd (Adsorbent)
sgeduaiveulasenleanldlulasinui fe wradouoonlandaytoudn

duasesiesumeifielifanisgadunuuneludednsinisteou 250 Alaluasedlis dn

'
al

Jusnndwlasluavasunadousenladsendivesea (Ca0/G) winfiu 2.5 figaumgil 500

3

DIANLTALTE UAZAUAY 240 UTTENNNA

-
3.1.4.3 1A5893BsuWD3 (Reformer)
nszvIuNsanesuilinfleeseamoiwniloings uaznszuiunisgaduuia

3 v 5 a P al ¢ ¢ af o w o -
Aansuaulaeenleruuuneluagifenialumiasiwasues dslulasenuilduuusianandes

Srleduwesilu RGIBBS tnvvzldifnismAmdiudaseidniignuesivd (Gibbs free

energy minimization) Lﬁav‘hmEJaqﬁﬂsznawaawﬁmﬁmﬁﬁmasauaa Famagdnuiuau
Guduiild fe guugf 500 svAnsaed wazALiu 240 Us3EINA Tagn1sAnEINTS
Usuidsunmganiiun wasmsviingsidunuilomneasitldlunissaenseuiunisay
wanslushded 3.2
Uiieiimeiiadulueiesiwe fuae imiauiisesvle iuflsdaelovhuanléd
CiHgO5 + 3H,O0 «=> 3CO; + TH, (3.1)

Uiisommniuinduluiniesinesusesniiauiiseeelamesdainesuliaanlanal

w

CHO, + 3/40,+ 3/2H20 2\ P 11/2H2 (3.2)

UiRseniimminfistuluniesiwesueiiiauiiseeinea qUUsesuiauansladsdl

CHO, + HO + NIO <> CO + 2CO; + 5H; + Ni (3.3)
Tnofiufiseduqiinniendniuluadodresumesii 3 aszuaums I
Uiisenendusiudu (Carbonation)

Ca0 + CO, — CaC0s (3.4)
Uijisennsaarediveniivesea (Glycerol decomposition)

CHgOs €= 3CO + 4H, (3.5)

UfiTenewmasuiiadns (Water-gas shift reaction)

CO + Hzo <> COQ + H2 (36)
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Ufiseivlesulisianlovhvesiinu (Methane steam reforming)

CHy + H,O > 3H, + CO (3.7)
Ufiseiviesulsmeufansuaulaaanledvesdiinu (Methane dry reforming)

CO; + CHy <= 2H, + 2CO (3.8)
UjjisenIesusiaveauviuea (Methanol reforming)

CH;0H + H,O <= CO; + 3H, (3.9)
Ujnsenmsaanesiivedamiuea (Methanol decomposition)

CH;OH «=> CO +2H, (3.10)
Uiiseunuduressariveunsuanlae(Methanation of CO)

CO 4+ 3H, ¢ CH; + H,;O (3.11)
Uisonunmduvesmsvaulaaanlas (Methanation of CO,)

CO, + 4H, <= CHy + 2H,0 (3.12)
UFieneendinduunsdiuvesndivesea (Glycerol partial oxidation)

C3HgO3 + 20, <= 3CO, + 4H,0 (3.13)

Ui wnlvdiauyselveandigasea (Glycerol complete combustion)

2CHO5 + 70, <> 6CO; + 8H,0 (3.14)

3.1.4.4 \w3eaUjnsalunadiudu (Calcination Reactor)
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CaC0O; — Cal + CO, (3.15)
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3.1.4.5 3eeUfinsalannia (Air Reactor)
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2Ni 40, <= 2NiO (3.16)

-l %
3.1.4.6 1a393uEnU1 (Water Separator)
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