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Abstract:

In light of the depletion of fossil fuel resources and growing environmental concerns caused by greenhouse gas
emissions, the utilization of renewable energy sources, particularly biomass, has garnered increasing attention. This
study presents an innovative system for clean energy production using eucalyptus biomass. The proposed system
consists of four main components: a gasification reactor, a steam methane reforming reactor, a water-gas shift reactor,
and a palladium membrane for hydrogen purification. Thermodynamic modeling and simulation of the system
components were conducted using Engineering Equation Solver software, with a particular focus on the effects of
process temperature on system performance. The results indicate that increasing the temperature of the gasification
reactor from A++ to Y+ + K significantly influences the composition of the syngas. The hydrogen content increases
from YY,Ye/ to £+,YV/, while carbon monoxide content rises from 4,47 to YA,Ae/_ In the steam methane reforming
reactor, elevated temperature improves reforming efficiency, reducing the carbon dioxide concentration in the product
gas by ¢,)Y/. On the other hand, in the water-gas shift reactor, higher temperature leads to a slight decrease in
hydrogen conversion from 1),YV7 to 1+, )/, accompanied by an increase in carbon dioxide content from V+,YYZ to
VY,V Y7. These findings emphasize the critical role of temperature in directing the equilibrium and reaction kinetics
within each subsystem. The hydrogen flux through the palladium membrane shows a substantial enhancement with
temperature rise, improving from +,Y4 to Y,°Y J/m'.s. This reflects the superior performance of palladium membranes
at higher temperatures for separating and purifying hydrogen from the gas mixture. The use of eucalyptus biomass as
a renewable and widely available feedstock, coupled with advanced hydrogen production and purification
technologies, presents a promising approach to addressing energy and environmental challenges. The insights gained
from this study highlight the potential for improving overall system efficiency and hydrogen yield through careful
thermal management across each reactor unit.

Keywords: Gibbs free energy minimization, Lagrange undetermined multipliers, Clean hydrogen, Water-gas shift
reactor, Palladium separation membrane
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Table Y: Baseline and input parameters [YA-)4, YY-Y©o]

Parameter Value Unit
Pressure of gasifier Ous kPa
Temperature of gasifier (Baseline) Ao °C
Steam to Eucalyptus ratio \,0 -
Pressure of SMR £9A,) kPa
Temperature of SMR AYY,Y °C
Pressure of WGSR £4Y,) kPa
Temperature of WGSR Y,y °C
Pressure of palladium membrane 47,7 kPa
Temperature of palladium YT Y oC
membrane
Exponent of palladium membrane .0 -
Thickness of palladium membrane 1 um
Activation energy of palladium T Tmol
membrane
Pressure drops ° %
Atmospheric pressure \EAR kPa
Atmospheric temperature Yo °C
Eucalyptus chemical data (wt %)
Ultimate analysis Proximate analysis
Carbon | ©oY,A: Combustible |  AAY.
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Figure 1: Variation of water-gas shift process syngas versus
temperature

e s L 2 ilesE LS, sles SRl 3G
loo sl oals ools lis VO SS o egeoVWl jlulas glus
59551, Gleo 5l b (a3l aline 55 paaoVly (glie
Ol 5 el sloo o] Galidl b g oo xS i 5 (65bus
YRS 3950 5L dod tal331L 4 Caal o) ol bl o0
O, Slos a5 apd oo lis ggoge cpl S e day l38IV/OY A
Soete slalaxMe BB jsbar YL slales )3 (5,000 (5lulox
peiiae abaly (2855 Sl 50 biglgiee 1) )L (Rl cal b o
OVF) dolas bl 2 0ls gedgi o (6 233985 5 (3590 ,LS O
AOF) dolee @llas 5 conl 63308 51 (b G908 ,Lo
ol cnlpb b oo Rl s RalBI L (59500 (620598
L Rl 4l 58 5 (S pA00k St e e led

e oo Las 5l 5558 039,008
S99 o Sealizsge i (sila e gl (wlul » oS Sl 3y p3Y
oolawl BB i 515 4 (609,9 (waindlST 0058 s 5l a0 AD
Ao, YAV L ply gl ol 50 05w 518 003l ccwsl onls Lo

8,5 S0 0 b g 809,9 0095 ey (Sl B3l A (g5 Fiw

SMR production (%)

40+ 52~ rl0 20 -6
e
R .77.,,-
514 LR, - Lo
354 A S % o ® 15
Pl o ® .
* / o o
< -
50 4 e T 8
o eTe
30 4 i SR - 10
A oA o o
491 o A M g S SO
g4 A 2
@ A
.
254 /o el L5
1844 - Fo
' e
Aa
A s
NEPTRE==S====SSSS S === === S = = AN 0

T
700 800 900 1000
Gasification temperature (°C)
® - Hydrogen (%) ¢ Steam (%)
—=&— Carbon monoxide (%) #— Methane (%)

4 Carbon dioxide (%)

Las Sl 51 5y e b Dol a5 s 58 i 0 S5
Figure ©: Variation of steam methane reforming process
syngas versus temperature
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