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Abstract : In this study, a hydrogen fuel cell process based on methanol was developed to reduce greenhouse gas emissions. In Casel, the
methanol fuel engine system was designed to investigate the emission of exhaust gas when methanol was supplied as fuel instead of gasoline to the
engine. In Case2, a hydrogen fuel cell system was designed by adding a methanol reforming system to Casel. This hybrid system produced gray
hydrogen and combined the output of the engine and fuel cell to drive the ship. However, gray hydrogen emits carbon in the process of producing
hydrogen. To address this problem, a carbon capture and utilization (CCU) system was added to Case3. The CO2 of the flue gas discharged from
Case2 was synthesized with gray hydrogen to produce blue methanol. The results of the case studies revealed that the optimal operating conditions
were 220 °C, 500 kPa, SCR = 1.0, and flow ratio = 0.7. The system of Case3 reduced carbon emissions by 42% compared with that Casel. Thus,
the hybrid system of Case3 could considerably reduce the ship’s CO2 emissions.
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Q-100

Fig. 1. Process flow diagram of Methanol fueled engine system.

Table 1. Setting parameters of the methanol fueled engine

Parameters Value
Methanol mass flow (kg/h) 8,199
Reactor Temperature (°C) 229
Reactor Pressure (kPa) 1601
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Table 2. Setting parameters of flue gas

Parameters Value

Flue gas mass flow (kg/h) 59880
Flue gas composition (mol%)

N, 0.782

O, 0.021

H,O 0.074

CO, 0.123
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Fig. 3. Block flow diagram of hybrid system.
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Table 3. Variable conditions of the reforming system

Parameters Value
Flow ratio of TEE-100 (-) 0.1~0.9
SCR (-) 0.1~0.3
Reformer inlet Temperature (°C) 100~400
Reformer Pressure (kPa) 500~2,000
Yy = 3)
"cm,om,.,
VVp'u,mp = mi,n (haut - hi,n) (6)
Wzi,r tower — mi,n (haut 7hi,n) (7)
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Fig. 4. Schematic of PEMFC.
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Anode: H,+ O* —H,0+2¢~ (10)
Cathode: %02 +2e >0 (11)
Overall: H, + % 0,—H,0 (12)

Table 4. Setting parameters of the fuel cell system

Parameters Value

Cell Area (cm2) 850
Number of cells 105
Operating Temperature (°C) 70

Table 5. Example constrains

Ballard Mark V PEMFC at
Constants

70°C
Eoc (V) 1.031
r (kQ cm2) 2.5410-4
A (V) 0.03
m (V) 2.11X10-5
n (cm2mA-1) 8 10-3
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Fig. 5. General view of the proposed model Simulation.

Table 6. Properties of the flue gas stream

Properties Value
Vapour Fraction 1.0
Temperature (°C) 229

Pressure (kPa) 1,601
Molar Flow (kgmole/h) 13,446
Mass Flow (kg/h) 386,503
H20 Mole Fraction 0.0190
CO2 Mole Fraction 0.0095
02 Mole Fraction 0.1927
N2 Mole Fraction 0.7787

Table 7. Properties of the feed stream

Properties Value
Vapour Fraction 1.0
Temperature (°C) 96.2

Pressure (kPa) 500

Molar Flow (kgmole/h) 381.3
Mass Flow (kg/h) 11,516
H20 Mole Fraction 0.053742
CO2 Mole Fraction 0.617311
CO Mole Fraction 0.052018
N2 Mole Fraction 0.001724
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Table 8. Fuel consumption and exhaust gas data low flash point fuel

Mass  Exh. gas Exh.Gas

. Load Power SGC flow mass flow Temperature

HSMCR - (kW) (kWh) g py (g (°C)
100 24682 3322 819 367 229
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Fig. 6. Case2 H, molar flow as Reforming Temperature.
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Fig. 7. Case3 H, molar flow as Reforming Temperature.
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