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Energy Efficiency Analysis
in Solid Oxide Electrolysis Cell System for
Production of Hydrogen, Methane and Methanol
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Abstract

This research aims to study the solid oxide electrolysis cell (SOEC) system with methane
synthesis and methanol synthesis. Exhaust gas from the coal power plant was used as feedstock.
These processes were designed and simulated by Aspen plus v.9.0. The developed model was
employed to study the optimal operating conditions, generating the maximum product yields and
the highest energy efficiency. The effect of several parameters including SOEC temperature and
pressure (550-1,000 °C, 1-30 bar), methane synthesis temperature and pressure (200-600 °C, 1-100
bar), and methanol synthesis temperature and pressure (140-280 °C, 15-100 bar) were investigated
with energy efficiency analysis. The simulation results showed that the optimal operating conditions
which provided the maximum hydrogen production were SOEC temperature of 800 °C, pressure of
1 bar, and energy efficiency of 14.95 %. The optimal operating conditions for methane synthesis
were temperature of 200 °C, pressure of 1 bar, and energy efficiency of 69.97 %. The optimal
operating conditions for methanol synthesis were temperature of 160 °C, pressure of 100 bar, and

energy efficiency of 75.42 %.

Keywords: process simulation; energy efficiency; hydrogen; methane; methanol; solid oxide

electrolysis cell
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H,0 — H, + 0.50, (1)
(2)

wenanAnufasemandlniiiing

CO,— CO +0.50,

Preeunan ufnufisen reverse water gas shift
(RWGS) e
CO, + Hy <3 H,0 + CO (3)
AH =41 kJ/mol
2.2 AFLUIUNITAUATIZATIINU
2.2.1 UfAsenmsiiniinuvesnisuau
wouanlyn (syngas methanation)
Tmufialdainnisviugasen
seninalalasiauiuansusuteuanlen AsUjizen
(@) Wneuisemsiiniinuvesaiveuteusnlen
wNAUNTE reverse water gas shift fAaUfizeN
(3) 33w (8]
CO + 3H, <> CHy; + H,0
AH = -206 kJ/mol

(@)

2.2.2 UfAsensiAndinurensuau
Imeanlan (CO, methanation)
finuAed uld8nis Taenisein
fnsenseminalelasuiuaisveuleeenled s
i

CO, + 4H, <> CH, + 2H,0 (5)
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AH = -165 kJ/mol
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CO + 2H, <> CH,OH

AH =-90.7 kJ/mol

(6)
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\inUfN3e1 reverse water gas shift

v '
o d

Aalfnsen (3) wardunauiiaesaziinuingen
lalasdudulaslduianisvounouanlasiin
nansusidumniuea AsHAzen (7) [1]

CO, + 3H, <> CH,0H + H,0

AH = -40.9 kJ/mol
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YOINANA U (LLﬁyﬁlﬁIﬂiLﬁ]u AU wazlunIuoa)

=

Faguegiua1AUTaun (lower heating value)
wazwasuvInuanUaudn (total power input)

Fernnaldanaunis 8) [1]

mbroduct x LHVproduct

n-= x 100 8)

Pinput
lag? n Ao Usz@nSn1wn1andssu (energy
efficiency, %); Myoquct Ao dmsnsluaideuia

(mass flow rate, kg s); LHVogu A8 AAIY
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Figure 1 Process block diagrams
(a) SOEC with methane
synthesis (b) SOEC with

methanol synthesis

Table 1 Parameters and values of the various operating conditions

Parameters Ranges of operating conditions
SOEC temperature (°C) [1,10-12] 550-1,000
SOEC pressure (bar) [11] 1-30
Methane synthesis temperature (°C) [1,6,13-14] 200-600
Methane synthesis pressure (bar) [1,6,13-14] 1-100
Methanol synthesis temperature (°C) [15-18] 140-280
Methanol synthesis pressure (bar) [15-18] 15-100
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