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Abstract - In this paper, we carried out the process modelling and economical analysis of the 500
kg-Hy/d-class green hydrogen production system process based on biomethane from the Food Bio Energy
Center in Chungju. As a result of economic analysis, the NPV(Net present value) after 15 years of operation
is 3.831 billion won, the PI(Profitability index method) is 1.42. It was found that the project of 500
kg-Hy/d-class green hydrogen production system has a 20.25% of IRR, which is higher than social discount
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rate of 4.5% and feasibility is ensured.

Key words : biogas, green hydrogen station, process modeling, economic analysis, hydrogen pro-

duction
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Fig. 1. Global energy-related CO, emissions by
fuel and sector (IEA)[1].
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- Steam-methane reforming(ry)

CH, + H,O — CO + 3H,, AH = 206 kJ/mol (1)
- Water gas shift reaction(r)

CO+ H,0— CO, + Hy, AH= —41kJ/mol  (2)

- Direct reforming(rm)

CH, + 2H,0 « CO, + 4H,, AH = 164.9 kJ/mol (3)

Table 1. Reaction rate constant, equilibrium con-
stant and adsorption equilibrium constant
of steam methane reforming[10]

21 -

Kinetic Unit Value
parameter
Ko mol kPa"’/ ge, min 7.382x10™
Kox mol/ ge, min kPa 3.783x10*
Z | km | molkPa"*/gemin 1.636x10M
(o]
g Ea kJ/mol 261.9
Ean k]/mol 38.9
Eam kJ/mol 243.7
2 1.198 x
R KPa 10exp(-26,830/T)
Ke)
c
= 0 1.767 x
g | K kPa 10%exp(4,400/T)
c
=4
2 2117 x
K kpa 10%exp(-22,430/T)
Koco kPa™ 8.825x107
Koz kPa™ 6.051x10™"
Kocrs kPa™ 7.015x10°
>
Z | Komo 2.206x10°
el
% | AHw KJ/mol 859
=
AHm kJ/mol -79.7
AHchs k]/mol -42.3
AHino KkJ/mol 829
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Fig. 2. Regional average price of hydrogen in
Korea(H2KOREA)[13].
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Fig. 3. Process model of 500 kg/d-class hydrogen production

system using biogas.

Table 2. Results of process modeling and analysis of 500 kg/d-class hydrogen extraction system using

biogas
Reformer HTS LTS PSA
Name
In Out In Out In Out In Product Tail Gas

Temperature [C] 885 885 350 400.5 200 280.3 25.0 28.5 28.5
Pressure [kPa] 800 800 800 800 800 800 800 800 800
Molar Flow [kmol/h] 14.6 21.6 21.6 21.6 21.6 21.6 17.7 104 7.3
Mass Flow [kg/h] 258.0 258.0 258.0 258.0 258.0 258.0 187.3 21.0 166.3
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Table 3. Profit and loss statement of 500 kg/d-
class hydrogen production system using

Table 4. Cash flow of 500 kg/d scale biogas hy-
drogen generation system

biogas (Unit: million won)
Aezanmenads ‘Ar.nount Year .Cash Cash Present Cash
(million won) inflow outflow value flow
Profit 1,202 2021 - 2,900 -2,900 -2,900
Hy-vehicle 455 2022 1,150 551 600 -2,300
Tube trailer 747 2023 1,101 527 574 -1,726
Cost of sales 186 2024 1,054 504 549 -1,177
Bio-methane 135 2025 1,008 483 526 -652
Electricity fee 51 2026 965 462 503 -149
Gross profit 1,016 2027 923 442 481 333
SGA* 241 2028 883 423 461 793
Labor 99 2029 845 405 441 1,234
Employee benefits 10 2030 809 387 422 1,655
Maintenance 132 2031 774 371 404 2,059
EBIT* 775 2032 741 355 386 2,445
Corporation tax 149 2033 709 339 370 2,815
Net profit 627 2034 678 325 354 3,168
*SGA: Selling, general and administrative expenses 2035 649 31 338 3,507
**EBIT: Earning before interest and taxes 2036 61 297 04 3831
@ﬂ% H]—%]'Q_i 500 kg/dT_ﬁL H]-O] 9_7]'.}: o]% —)F_/:\_—ir- Sum 12,912 9,081 3,831 -
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Fig. 4. Process model of 500 kg/d-class hydrogen production system using biogas.

2

2 =2

—

VI.

e

Pt

AT A& HEo] 7k 0] 8- 500 kg/dF

2O FAFEAAH ZTAH 7Y S ;qgg ]_
1 A3, vlo] Qe 3021 mYdS 9B FAFE
28 o] A 505 kg-Hy/d o] 545 A 5 9l e &

V=
S5t ol % vpEe.2 AA 4 248 SR,
Az A 2E 75

Lo
r_>¢

Olr
—|—‘

— = T

WEE A9 1592 ARG

Z AR = 3893 190 9, =R 54

42 D Ul R0 E 20.25% 2 PBP(AHE 3] 5=7]17hH 2

%4.3@01% A3 A Q1891 4.5% BT 2O A}
Aol elgA e dnE o2 goE)

oﬁr-{n:r__:ll-%

01_]3'3

SR & dTE FagEAsdNg E0R
AAN BAE AYH O, FF FAATAE F
Adle FAZFALY EE A vld, 27) ,]
A E3 457] D AL Fe| &g Fob
Sho] 1T} O] AAIR PR 22 B8 LA vhol <
T2 o) 8 FaGEFEAL 09 £ 42T B
240l 9}

FINEE

B A7E 202195 A EdAbel 5o
kol X 7] <35 7 (KETEP) 9] A9+
3k A4 714 T (No.20193010160010)

Age
sol 59

25 -

AB7|&

E,; : Activation energy of reaction [kJ/mol]
AH : Enthalpy energy of reaction [kJ/mol]
K; : Equilibrium constant of reactions i
K; : Adsorption coefficient of component j
Kurs,ts : Equilibrium constant of WGS reactions
Ko, : Pre-exponential factor of adsorption constant
k; : Reaction rate constants of reaction i
[Z, III: mol kPa"%/g ., min, II: mol/g.. kPa]
ko, : Pre-exponential factor of rate constant
P; : Partial pressure of component j [kPa]
R : Ideal gas constant [8.314 J/mol K]
1; : Reaction rate of reaction i [mol/gc. min]
T : Temperature [K]
i1 Iand Il
j . CO, H2, CH4 and Hzo
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