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Abstract - This study presents a novel approach to hydrogen production by biogas from organic waste with-
out CO, removal. A process model was developed to reduce the costs associated with biogas pretreatment and
purification processes. Through optimization of heat exchange networks, the simulation aimed to minimize
process costs, maximizing hydrogen production and flue gas temperature. The results reveal that the most effi-
cient process model maximizes the flue gas temperature while following the constraint of the number of heat
exchangers. These findings hold promise for contributing to the expansion of “Biogas-to-clean hydrogen” en-

ergy conversion technology.
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Fig. 1. Hydrogen production system using biogas
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3} capital cost indexE AFE-3FH o™ G FHZ,
A ¥ factor, 87| factor D A X] factor 5=
2] 8-3}] capital costE 2FE3F53 THS5-8].
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Capital cost = a + b X< A€ (€))]

Operating costol] &3 Wl Wzb4= 4%
Aoz dAT AT 18T F 1,004 £

71& 0 2 AAketgdTh

53
o
=

Refrigerant cost [Cost/k]] = 2.739e-006
Cooling water [Cost/kJ] = 2.125e-007

AnEY 5 1L o) Q2 =FD T

Total cost index = 2)
Capital cost + Operating cost * 1,000 h

KIGAS Vol. 28, No. 1, March, 2024

gl

.?1-}\5] . '/\é.ﬂ

ofx
Ho

K

HX
ol

23. 3 EAL AAIZA Y N3 71y
Hlo] 2712 A o] & IEE T4 AY

AF 73 A= 50 Nm?/h vlo] @7} FFHE

& AL A AR HU7ZMR 2 S

BE Y3 H L, 34 A A= o)

o4 H AT,

g
MU E FFHE 3715 ol en g Lxt 22}

o
3}3te] Splitter = ZAFSIA 3L, AAE 1=
59 8- 72171 99.995%, 95% = 7+

Base case 3R EE 7|FO 2 case ¥ FEGS
2A8t7] Aall dued 23} case study S X3}
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1) "po] 742~ /| A RES(SMR)[9]

- Steam-methane reforming(ry)

CH, + H,0 < CO + 3H, AH = 206 kJ/mol 3)

- Water gas shift reaction(ry)
CO + H,0 — COy+ Hy, AH = — 41 kJ/mol “

- Direct reforming(rmy)
CH, + 2H,0 < CO, + 4H, AH = 164.9 kJ/mol  (5)

- Reaction Summary

ky PPy

TTE p Pey * Ppo— K, / (DEN)? (6)
k Py P o, :

Tr= PZ (PCY) Pyo— kl/ / (DEN)? @)
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(2) Low temperature water gas shift reaction[11]
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25. 33 Base Case 2 St} Base case 3 2] A grid diagram 2}
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Fig. 2. Process diagram of base case model of hydrogen production process using biogas
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Fig. 4. Process diagram of optimized heat exchange network of base case model of hydrogen production
process using biogas

Table 1. Results of base case model Table 2. Results of optimized base case model
Results Base case Results Optimized base case
Total flowrate of biogas [Nm®/h] 50 Total flowrate of biogas [Nm®/h] 50
Flowrate to biogas reformer [Nm’/h] 34.6 Flowrate to biogas reformer [Nm’/h] 34.6
Flowrate to burner [Nm’/h] 154 Flowrate to burner [Nm’/h] 15.4
Hydrogen production rate [kg/h] 75 Hydrogen production rate [kg/h] 75
Number of heat exchanger [ea] 10 Number of heat exchanger [ea] 10
Heat exchange Area [m?] 143 Heat exchange Area [m?] 58.42
Cost of heat exchange network [$] 171,541 Cost of heat exchange network [$] 133,145
Temperature of Flue gas [C] 282.6 Temperature of Flue gas [C] 295.6
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Fig. 5. Heat exchange network grid diagram of maximized hydrogen production model

Fig. 6. Process diagram of modified maximum hydrogen production model of hydrogen production process
using biogas

Fig. 7. Heat exchange network grid diagram of modified maximum hydrogen production model
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Table 3. Results of maximized hydrogen production and modified maximum hydrogen production model

Results Maximized model Modified model
Total flowrate of biogas [Nm®/h] 50 50
Flowrate to biogas reformer [Nm®/h] 37 36
Flowrate to burner [Nm’/h] 13 14
Hydrogen production rate [kg/h] 8.02 7.804
Number of heat exchanger [ea] 14 10
Heat exchange Area [m?] 145.3 88.13
Cost of heat exchange network [$] 221,646 148,546
Temperature of Flue gas [C] 100 146.6

413

Fig. 8. Process diagram of maximized flue gas temperature model of hydrogen production process using

biogas
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Fig. 9. Heat exchange network grid diagram of maximized flue gas temperature model

Table 3. Results of maximized flue gas temperature

model
Results maximized flue
gas temperature
Total flowrate of biogas [Nm/h] 50
Flowrate to biogas reformer [Nm?/h] 34.6
Flowrate to burner [Nm®/h] 15.4
Hydrogen production rate [kg/h] 7.5
Number of heat exchanger [ea] 10
Heat exchange Area [m?] 67.83
Cost of heat exchange network [$] 139,420
Temperature of Flue gas [C] 399.7
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E, : Activation energy of reaction [kJ/mol]

AH : Enthalpy energy of reaction [kJ/mol]
K; :Equilibrium constant of reactions i
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K; :Adsorption coefficient of component j
Kyrs s : Equilibrium constant of WGS reactions
Ko, : Pre-exponential factor of adsorption constant
k; :Reaction rate constants of reaction I
[I, III: mol kPa">/g,,, min, II: mol/g.. kPa]
ko; :Pre-exponential factor of rate constant
A : Heat exchange area
b : Heat exchanger coefficient
a  : Minimum for MER
P; : Partial pressure of component j [kPa]
R :Ideal gas constant [8.314 J/mol K]
r; :Reaction rate of reaction i [mol/g., min]
¢ : Sizing factor
T : Temperature [K]
i LMand Il
J . CO, Hz, CH4 and Hzo
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