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Abstract

Ethanol, as a substance that can be produced from both renewable and Received: 28 March 2022
non-renewable sources, can be used as fuel, additive to fuel or Accepted: 2 September 2022
transformed into other energy carriers. Therefore; The use of pure Page Number: 65-77

ethanol or its conversion to other compounds has been considered by
researchers. In this paper, the ethanol reforming processes are simulated
for synthesis gas production using Aspen HYSYS . The studied processes
include ethanol steam reforming, ethanol dry reforming, ethanol steam
and dry reforming and ethanol tri-reforming. The simulation results
showed that the highest conversion belongs to ethanol tri-reforming by
99.60% while the lowest conversion is related to ethanol steam reforming

by 96.95%. In addition; conversion of dry reforming, parallel and Keywords:
cascade arrangement of reactors were obtained by 99.39%, 98.15% and ’
99.41%, respectively. H,/CO were obtained for steam reforming by Ethanol,
2.19-4.22, dry reforming by 1, parallel arrangement of steam and dry Synthesis Gas,
reforming of ethanol by 1.2-2.94, cascade arrangement of steam and dry Reforming,
reforming of ethanol by 1.1-2.93, and tri-reforming of ethanol by H,/CO

2.01-3.40.
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Figure 1. Simulation of ethanol steam reforming process.
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Table 1- Feed conditions of steam reformer.

Ethanol Flowrate(mol/hr) Steam/Ethanol

Temperature (° C)

Pressure (bar)

1 1 <S/E <10 480-770 3

1. Non Random Two Liquid 2. Ethanol Steam Reforming 3. Ethanol Dry Reforming
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Table 2- Feed conditions of dry reformer.

Ethanol Flowrate(mol/hr) CO2/Ethanol Temperature (° C) Pressure (bar)
1 05-3 700 3
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—
D Syngas
Ethanol retormer
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. —
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- Ethanal
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Figure 2: Simulation of ethanol dry reforming process.
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Figure 3. Simulation of the combined steam and dry reforming of ethanol a) parallel and b) cascade.
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Table 3 Feed conditions of tri reforming process.

Ethanol Flowrate Ethanol S/ Ethanol or Temperature (° Pressure
O,/ Ethanol S COy/Ethanol D
(mol/hr) Ethanol D/ Ethanol g g C) (bar)
1 0-1 0-1 -305 700 3
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Figure 4. Simulation of ethanol tri- reforming process.

(\&-Y) it g 9 3uo o ylouis - P99y Juw = Ol (gosld (S ddueo A pulas

© 0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

J

B sdss s

FO-YY i — o )50 g olgsises

i

Lol UL

JoUl o.iauuo),.n.u Jles



FO-YY i — o5 g olgsises

Jeilil Sisy 9y jl 3Ll b i I8 sdgs (5 jludands

Jobl )l Comnd FIV-Y
Jobl )b Gl glocans jo 1) Jobl has as o (7) S50
ol (%) 3.J43|) U.JL..,I 2 e de e G‘}.;.A TR olas (S/E)

sl 00

Ethanol Conversion = (FEthanon.in - FEthanoIAout) / FEthalnonAinx:I-00
*)

316999 Joblar )bu 32y 5 Glime GIBIL Cnlag &5 j5blen
Do (g 1S oo lag Gl Jeibl o as e Gl F U
4 5L50 s 58 iged Slsiedr b oo Rl T 51 am (a3
o8l s 1o A/ @ e ! F @ Jebl 4y )lou cand il
Ol 38l Jgibl ey )Bu s i I8 L wszg ol bl oo
Sial38l 4 S Jl> 50 0,5 0 095 4 (5 paiwal Wy, ( oas duo o
2 e oY )5Sy o Slalitl 4 (6955 550 Ol
Ao, Glime a5 0l s £ 0l el 4 ) Bu Cand ases

sl Qo0 AVYIAV4 Lgﬁ‘ﬁ )l».&.a.o L)"‘ o JJJ.»J

Gilwdad g lo como (wy V-V
2l JUl By S sty (g5ldnd ol (riwlone sl
w5 b gjloans 5l odnlcwnsay COp g Hy O (e 5l Jol>
Jg..\_> LY 4>5.: L> [Y’]wl 03 A.M..:La.o (\’~ ’V) U‘)M 99@@
Iy ool aws il Jo 552 lawglas Jlogei as (B) S35 (F)
al8 o Hy 9 CO, CO u s lyae a5 conlay s oo ol
C"L"’ L ‘u“ﬁf:—“‘-l*" i_?)a Voo sbaoo 399 o..\_‘;‘a‘_g)'Lm\f_.;‘;
s ol a5 g ebay by bl cisllas [Y']Gmli.;’..iu)"l
sl gl Jelsl o ao,o ol (uiz e .l
L 50 Gl Ol 45 sl Cawsas duo 0 VAR oa g5l
5 eS slbas shls o [V Tosgmy oo ) AY/Y al8zules
Wil B gilwand bl culag a5 sbles .ol do s F/0
o=l 5l et o g 0yl aBiole;l mls b Jed b cllas
ooliiwl anld iy (o) p 9 @l gl Aol sln ondisiluant
adllas Jobl K9, p calitee slaaasin Sl walsl o 0,5

MWAREAPES

0.800

0.600

0.400 -

0.200 -

Mole fraction

M Experimental data [20]

w Simulation results

0.000
co co2

Hydrogen

.g,a&.ﬁfl.oﬂ slaosls b oudics jleudasids sl 3 5 PRV VIRTT) oY) wlis O Y

Figure 5. Comparison of results obtained in the simulation with experimental data.

AL T slaculs § (§ jbwdands s dewlio ¥ Jgaa

Table 4. Comparison of simulation results with experimental data

Experimental data

Component Simulation results
(60) 0.28
H, 0.68
CO, 0.045

[20]

0.29 5.79
0.66 3.42
0.049 6.94
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Figure 6. Steam/Ethanol effects on ethanol conversion.
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Figure 9. (a) Ethanol conversion and (b) H,/CO in combined steam and dry reforming processes.
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Figure 10. Variation in ethanol conversion and H,/CO based on oxygen injection rate.
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Table 5. Comparison of H,/CO of different reforming processes.

Reforming Process Maximum H,/CO

Ethanol steam reforming
Ethanol dry reforming
Parallel arrangement of steam and dry reforming
Cascade arrangement of steam and dry reforming
Ethanol tri reforming

4.22 2.19
1 1
2.94 1.2
2.93 1.1
3.40 2.01
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