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Dynamic thermal Design of a 1-ton Class Bio-Hydrogen Production System Simulator
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Abstract This paper proposes a hydrogen-based social economy derived from fuel cells capable of replacing fossil
fuels and resolving global warming, It thus provides an entry for developing economically feasible social configurations
to make use of bio-hydrogen production systems. Bio-hydrogen production works from the principle that microorganisms
decompose water in the process of converting CO to COg2, thereby producing hydrogen. This study parts from an
analysis of an existing 157-ton class NA1 bio-hydrogen reactor that identifies the state of feedstock and reactor conditions.
Based on this analysis, we designed a 1-ton class bio-hydrogen reactor process simulator. We carried out thermal analyses
of biological heat reactions, sensible heat, and heat radiation in order to calculate the thermal load of each system
element. The reactor temperature changes were determined by modeling the feed mixing tank capacity, heat exchange,
and heat storage tank. An analysis was carried out to confirm the condition of the feed mixing tank, heat exchanger,
heat storage tank capacity as well as the operating conditions of the system so as to maintain the target reactor temperature.
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Table 1 Calculation of the mass balance of a 1-ton bio-hydrogen production system
Mole Flow(mol/h)
NaOH Culture medium  Substrate gas  Conversion gas  Waste culture medium  Mass balance

Temp(C) 15 15 15 80 80 -

Cco 0 0 138.89 2.47 11.42 125.00
H2 0 0 4.36 129.35 0 -124.99
H20 0.20 92491 0 19.20 780.91 125.00
CO2 0 0 3854 163.53 0 -124.99
N2 0 0 34.37 34.37 0 0
Solid 0 0.45 0 0 0.39 0.05
Yeast 0 0.40 0 0 0 0.40
NaOH 0.01 0 0 0 0 0.01
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Fig. 1 Waste heat of steel mill process.
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Fig. 2 Bio-hydrogen production system schematic.
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Table 2 Gibbs free energy equation according to WGS Table 3 Enthalpy reaction according to WGS reaction
reaction dH°(25C), kJ/mol Liquid Gas
dG°(25C), kJ/mol Liquid Gas CcoO - -110.54
CO -120.01 -137.17 H20 -285.53 -241.82
H20 -237.18 -228.13 H2 0 0
H2 17.72 0.00 CO2 -413.8 -393.51
CO: -385.98 -394.36 CO(g)+H20(1)  CO(g)+H20(g)
Total Gibbs CO(g)+H20(1)+H2(g)+CO0O2(g) Total enthalpy change +H2(g)+CO2(g) +H2(g)+CO2(g)
free energy -20.01 2.86 -41.15
Table 4 Heating load by system element
System mode heating cooling
Target temperature of feed mixing tank (C) 80 80
Sensible heat Qs (W) 1263.21 1263.21
Feed mixing tank heat radiation Qo.A(W) 376.20 376.20
Sum QW) 1639.41 1639.41
Sensible heat Qs(W) 123.99 123.99
Biological reaction heat Qbr(W) 33.36 -1494.8
Reactor .
heat radiation Qo (W) 684.18 684.18
Sum Q(W) 841.53 -686.59
heat radiation Qos(W) 193.15 193.15
Storage
Sum Qs(W) 193.15 193.15

282 33hk-g-7] 71 obd AERESTI=A o]= A, miAdEe] AWEE SOl wEh &, Ed ol
T HESE ofefjel o] WGS reactionol] oJs A o] Fojx|= Aom deA lom, Ak FET}
HESoll A Eel i A vkedS gek whed ) ol x=AdAgY 2 Add 5

WGS reaction : CO(gas)*+H20(liquid) — CO2(gas)+Hz(gas) at 80C (6)
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Fig. 3 Heat budget overview of the bio-hydrogen production system according to the supply characteristics of waste
heat source.
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Fig. 4 Flowchart of the cycle simulation.
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Table 5 Simulated condition

Number of plate for heat exchanger 26
Size of Feed mixing tank(kg) 400
Size of Heat storage(kg) 100/250
Target temperature for reactor(C) 80
Target temperature for feed mixing tank(C) 80
Target temperature for storage(C) 90
Ambient temperature(C) 15
Simulation time(hr) 12
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