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A Study on the Estimation of Carbon Dioxide Generation During High
Purity Hydrogen Production According to Natural Gas Composition
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TCorresponding author:
jhcho@kongju.ac.kr Abstract >> Hydrogen is known to be a clean fuel which does not generate a green

_ house gas during the combustion. However, about 8 kg of carbon dioxide is gen-
Ezsies';lzd ﬁ gz‘éz::zz: igig erated during the course of producing 1 kg of hydrogen through reforming, water
Accepted 30 December, 2019 £as shift reaction and pressure swing adsorption in order to obtain a high purity

hydrogen over 99.999% by volume. In this work, carbon dioxide generation is es-
timated according to four kinds of natural gas compositions supplied by Korea
Gas Corporation and regarding natural gas as pure methane. For the simulation
of the modeling, PRO/II with PROVISION V10.2 at AVEVA was utilized and
Peng-Robinson equation of state with Twu’s alpha function was selected.
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Table 3. LNG compositions

B Ao ME FRATA) A AT 471 —T 2 T35 T ¢ 5T &
z20] HA7}A 2T 2255 gk bl diF)A] St S | e e
N> 0.00{ 0.00 1.00 0.04
CHa4 96.74| 85.12| 94.33| 89.26] 100.00
Table 1. Reforming reaction equations and their standard C,He 1.89 8.63 1.97 8.64
heat of reactions for several hydrocarbons CsHs 068 414 250 1 44
1-C4Hio 0.34] 1.10 0.10 0.27
Reaction AHy(25°C), I gmol N-CsHio 034 090 o010 035
CH,+ H,0= CO+3H, 205,800 I-CsHi» 0.01] 0.10 0.00 0.00
CyH, +2H,0=2CO+5H, 346,380 N-CsHi» 0.00{ 0.01 0.00 0.00
CoHy - 3H,0=3CO+ TH, 498.520 M.W. 16.791] 19.320| 17.189| 17.924| 16.043
C,Hy, +4H,0=4CO+9H, 650.910 li}cl;tll\//I’\ImS 9,875| 11,154| 9,940 10,446 9,497
CO+ H,0=CO,+H, 41,170 GHV, gross heating value.

Table 2. Combustion reaction equations and their standard
combustion reactions for several hydrocarbons

Reaction AH;; (250 C’), J/ gmol

CH, +20, = CO, +2H,0 -802,610
G H, +2.50, =2C0, +3H,0 -1,428,630
G H, +50, =3C0, +4H,0 -2,043,090
C,H,, +60, =4C0, +5H,0 -2,657,300
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Fig. 1. Process flow sheet diagram for the hydrogen production
process
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Table 4. Variables and operating conditions for a process
simulation

Variables Operating conditions
NG GHV 9,497-11,154 keal/Nm’
S/C ratio 3.0

H, production rate >500 kg/day

H: purity 99.999%

H: recovery at PSA 80.0%

H:O content in PSA feed <0.7 mol%

Feed gas pressure 4.0 barG
Excess air pressure 10%

PSA, pressure swing adsorption.
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Table 5. Langmuir-Hinshelwood kinetic parameters

Parameters Value
Ko 3.48303
Key, 2.397589
Ke,p, 0.135456
Ko p 1.116676
Koy 0.119309

Table 6. Pre-exponential factor, activation energy and re-
action orders

Component ko E, (kJ/mol) a Jé]
CH4 5,294.6 96.6313 0.9 0.7
C>Hs 14,569 79.4830 0.7 -0.7
CsHg 99.715 39.136 1.0 -0.8
C4Hio 34223 28.54 1.0 0.2

Fig. 2. PRO/II flow sheet drawing for the hydrogen production
process
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Fig. 3. Reaction rate expression and kinetic parameters for
reforming reaction for several hydrocarbons
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Fig. 4. Daily CO. generation according to natural gas gross
heating value (500 kg/day hydrogen production basis)

Table 7. LNG compositions

Case CO; generation per H, production (kg COx/kg H,)
Lean 8.4890
Rich 8.8061
Max. N, 8.5935
Typical 8.7324
Pure CHy 8.4027
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