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Abstract — For improved sustainability of the biorefinery industry, biorefinery-byproduct glycerol is being investi-
gated as an alternate source for hydrogen production. This research designs and optimizes a hydrogen-production pro-
cess for small hydrogen stations using steam reforming of purified glycerol as the main reaction, replacing existing
processes relying on steam methane reforming. Modeling, simulation and optimization using a commercial process sim-
ulator are performed for the proposed hydrogen production process from glycerol. The mixture of glycerol and steam are
used for making syngas in the reforming process. Then hydrogen are produced from carbon monoxide and steam
through the water-gas shift reaction. Finally, hydrogen is separated from carbon dioxide using PSA. This study shows
higher yield than former U.S. DOE and Linde studies. Economic evaluations are performed for optimal planning of con-
structing domestic hydrogen energy infrastructure based on the proposed glycerol-based hydrogen station.
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Fig. 2. Hydrogen production process from glycerol by Linde [5].
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Table 2. Flow sheet of basic process
Name Glycerol Water Feed After SR Heated Feed
Vapour Fraction 0.0000 0.0000 0.0000 1.0000 1.0000
Temperature (C) 25.00 25.00 23.54 800.0 800.0
Pressure (kPa) 506.6 506.6 506.6 304.0 506.6
Molar Flow (kgmole/h) 0.2500 2250 2.500 3.948 2.500
Mass Flow (kg/h) 23.02 40.53 63.56 63.12 63.56
Std Gas Flow (STD_m®/h) 5911 53.20 59.11 93.35 59.11
Name After WGS Gas After WGS Liq Cooled Gas Condensed Water Sep Gas
Vapour Fraction 1.0000 0.0000 0.6001 0.0000 1.0000
Temperature (C) 200.0 200.0 32.75 32.75 32.75
Pressure (kPa) 202.6 202.6 709.3 709.3 709.3
Molar Flow (kgmole/h) 3.941 0.0000 3.941 1.576 2.365
Mass Flow (kg/h) 63.00 0.0000 63.00 28.43 34.6
Std Gas Flow (STD_m®/h) 93.18 0.0000 93.18 37.26 55.91
Name Hydrogen off gas WGS Inlet Liq Out Comp Gas
Vapour Fraction 1.0000 0.9890 1.0000 0.0000 1.0000
Temperature (C) 26.40 26.40 200.0 800.0 3243
Pressure (kPa) 709.3 709.3 304.0 304.0 709.3
Molar Flow (kgmole/h) 1.315 1.049 3.941 4.427e-002 3.941
Mass Flow (kg/h) 2.651 31.91 63.00 0.5623 63.00
Std Gas Flow (STD_m®/h) 31.10 24.81 93.18 1.047 93.18
Name Ql Q2 Q3 Q4 Q5
Heat Flow (kJ/h) 2.240e+005 6.118e+004 8.335e+004 -2.885e+004 -1.685e+004
Name Qo6 Q7 Q8
Heat Flow (kJ/h) 1.074e+005 0.0000 -979.0
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Table 3. Flow sheet of improved process

Name Glycerol Water Feed After SR Heated Feed
Vapour Fraction 0.0000 0.0000 0.0000 1.0000 1.0000
Temperature (C) 25.00 125.1 98.76 800.0 800.0
Pressure (kPa) 506.6 506.6 506.6 304.0 506.6
Molar Flow (kgmole/h) 0.2500 2.250 2.500 3.941 2.500
Mass Flow (kg/h) 23.02 40.53 63.56 63.00 63.56
Std Gas Flow (STD_m®/h) 5911 53.20 59.11 93.18 59.11
Name After WGS Gas After WGS Liq Cooled Gas Condensed Water Sep Gas
Vapour Fraction 1.0000 0.0000 0.6001 0.0000 1.0000
Temperature (C) 200.0 200.0 32.79 32.79 32.79
Pressure (kPa) 202.6 202.6 709.3 709.3 709.3
Molar Flow (kgmole/h) 3.941 0.0000 3.941 1.576 2.365
Mass Flow (kg/h) 63.00 0.0000 63.00 28.43 34.56
Std Gas Flow (STD_m’/h) 93.18 0.0000 93.18 37.26 5591
Name Hydrogen off gas WGS Inlet Liq Out Comp Gas
Vapour Fraction 1.0000 0.9873 1.0000 0.0000 1.0000
Temperature (C) 26.40 26.40 200.0 800.0 3243
Pressure (kPa) 709.3 709.3 304.0 304.0 709.3
Molar Flow (kgmole/h) 1.315 1.049 3.941 4.427e-002 3.941
Mass Flow (kg/h) 2.651 3191 63.00 0.5623 63.00
Std Gas Flow (STD_m®/h) 31.10 2248 93.18 1.047 93.18
Name Feed out After HE Water_in H_EX gas

Vapour Fraction 0.3512 1.0000 0.0000 1.0000

Temperature (C) 159.1 469.7 25.00 200.0

Pressure (kPa) 506.6 304.0 506.6 709.3

Molar Flow (kgmole/h) 2.500 3.941 2250 3.941

Mass Flow (kg/h) 63.56 63.00 40.53 63.00

Std Gas Flow (STD_m’/h) 59.11 93.18 53.20 93.18

Name Ql Q2 Q3 Q4 Q5
Heat Flow (kJ/h) 1.595e+005 6.118e+004 3.595e+004 -2.885e+004 -1.685e+004
Name Q6 Q7 Q8

Heat Flow (kJ/h) 9.030e+004 0.0000 -982
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Table 4. Changes in energy consumption

71 7l 2%t 44 Al
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Heater Reformer Compressor Total energy Fuel cost
Basic process (kJ/h) 224,000 61,180 16,850 302,030 5.2USD/h
Improved process (kJ/h) 159,500 4,845 16,850 181,195 3.1 USD/h
Change amount (kJ/h) -64,500 -56,335 0 -120,835 -2.1 USD/h

Table 5. Comparison of economics with similar process

Hydrogen yield ~ Moles of hydrogen production
(PSA recovery 86%) per 1mol glycerol
Linde 77.5% 5.43 mol
DOE 74.2% 5.19 mol
Proposed process 80.7% 5.65 mol
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