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Nomenclature

K : equilibrium constant

Abstract >> The amount of biogas increases as the amount of organic waste
increases. Recently, biogas from organic waste have been made much efforts to
utilize as a energy. In particular, the concentration of CHs and CO. generated
from sewage sludge and livestock manure treatment are 60-70% and 30-35%,
and CH; and CO, generated from food wastes are 60-80% and 20-40%. In case
of landfill gas, CHs and CO. have a concentration of 40-60% and 40-60%
respectively. Therefore, in order to use the biogas more widely, it is necessary to
convert the biogas to methanol, LNG or DME. In this study, experiments were
conducted to produce hydrogen and carbon monoxide through various biogas re-
forming reactions on Ni/Ce-ZrO,/Al203 catalysts. The experiment of synthetic
gas synthesis was carried out on a wide concentrations of methane and carbon
dioxide, which were the major constituents of biogas from various organic
wastes. The effect of (0,+C02)/CH4 (=R') on the yields of hydrogen and carbon
monoxide, the conversion rate of methane and carbon dioxide was investigated.
Also simulation for syngas synthesis on the CO, reforming of CH, was computed
by employing total Gibbs free energy minimization method using PRO/Il simu-
lator, and compared with the experimental results on wet and dry reforming re-
action of biogas.

Key words : Biogas(H0| 2 7t A), Synthesis gas(8H4 7t A), Organic waste(S 7| 4 I
7|8), Simulation(&Z Al), Reforming reaction(7f & &t-2)

AG?® : Standard Gibbs free energy change of
reaction(kJ/mol)
R’ : (CO,+0,)/CH4
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Subscripts

RFS : renewable Fuel Standard
ADG : anaerobic digestion gas
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Table 1. Reactions in dry reforming and wet reforming of biogas

No. | Reaction AHas (kJ/mol)
1 CH4+CO,; <> 2CO+2H; 247
2 | COy+H; < CO+HO 41
3 2CH4+2C0,C,Het+CO+H,0 106
4 | CO+3H, <> CH4++H,O -206.2
5 | COyt4H,>CH4+2H,0 165
6 | 2CO <> C+CO» -172.4
7 | C+1/20, <> CO 110
8 | C+tH,0 <> CO+H: 131
9 | CHs < C+2H, 74.9
10 | C;He>C2H4+H, 136
11 | CO+2H;>CH;0OH -90.6
12 | CO»+3H,>CH30H+H,0 -49.1
13 | CO+2H,>C+H,0 -90
14 | Hy+COH,O+C -131.3
15 | CH;0CH;3+CO;>3CO+2H, 258.4
16 | 3H,O+CH30CH;<>2CO,+6H, 136
17 | CH3OCH3+H,0<>2CO+4H; 204.8
18 | 2CH30H<>CH;0OCH;3+H,O -37
19 | CH4#+H,0 <> CO+3H, 206.2
20 | CH4H,O <> CO,+4H, 164.9
21 | CO+HO <> CO,+H, -41.2
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Table 2. Simulation and experimental condition for dry and wet
reforming reaction

Condition Wet r'eformmg

Dry reforming 00
0)CH: | CH, O, 0, (Stezam)
(R’ value) |(mole ratio)|(mole ratio)|(mole ratio)
0.1 (0.6) 1 0.5 0.1 1.04
0.2 (0.7) 1 0.5 0.2 1.04
0.4 (0.9) 1 0.5 0.4 1.04
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Fig. 7. Effect of R on CHs and CO, conversion and H; and CO
yield with the simulation of reforming reaction
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Fig. 8. Comparison between experiment and simulation result
at dry reforming reaction

A7) gEog AlRE CO &9 49 RgLo]
S7Htol whet &o] S7kshe Agol UEhe
o= Rgfe] Z7kstel wat 0,9] Fo| Z7kstHAl
CHy2 X AAE C (carbon)@} COZEE YA
CO7} 0,9} 00l 0] ¥} COE A3t R CO9
F&o] Fragith

Wet reforming 5120 4= R*Zro] Z7}gto| ubat
H,2} CO &0 7431 dry reforming HHg-0f H]
3 Yo 88 yehdit) ol oA dFe AAY
Hy7} RPgho] S7hgte] whah 0,9] oFo] S7hsha A
H07} A= =d 57178 A7HEEA H0 A4
o] 2| fjRog AlRHTY. CO 489 AL
Ab2e7} 27Vl whet CO7} 0o} Bk-e-3te] CO
7} 725 A1}, Carbono] 0,9} ¥h3-8lo] COE A
SEHA CO $&0] sz AR AlRg.

4.5 BAr Znel 4 Ameo| Hlw =4

= gkl R'gte) Wsjol whE CHel €O, A
318, 9} CO| 8ol digt =} Ao} AW 2
32 Figs. 8 and 9] LR 9Lt} Fig. 8o 4] m5o]
dry reforming ¥H-So A R* Z7}o] W2 CH2} CO,
Aekeo wael Ag Aut wiaA) e,

9} €09 -8 A} Ao} AF Aur} v

H293 M1S 20184 28



—A—H,(exp) ——CO(exp) —k—X,(exp) —X—X_, (exp)
~A--Hjeq) -0--CO(eq) -*X,eq)
T

KXy )
100 4 R X L 100

80

T
@
S

g
- 5
g ) L60 @
= o
Q2 5
g S
o
8 40 * ‘'z
: =
0 8 < g

----e
20 - [

k

0 T ' ] I ’
06 0.7 08 08
—
R'=(0,+CO,/CH,)

Fig. 9. Comparison of experiment and simulation result at wet
reforming reaction
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