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An Experimental Study on the Possibility of Biogas Reforming
using the Waste Heat of a Small-Sized Gas Engine Generator
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Abstract >> This study has been carried out the experiment for the possibility of biogas reforming using waste
heat. The source of this waste heat is the exhaust gas from a small-sized gas engine generator. For recovering
the waste heat, Two-stage heat exchanger is manufactured. The two-stage heat exchanger is composed of a heat

exchanger for the exhaust gas and a heat exchanger for the water. This two-stage heat exchanger is used for
reforming the biogas by means of on-site hydrogen production at the small-sized gas engine generator. The
two-stage heat exchanger is coupled with the biogas reformer which is a kind of catalytic reformer. To confirm

a heat recovery efficiency of the two-stage heat exchanger, temperature differences of inlet and outlet locations
are measured. Also, the variations of syngas concentrations with various biogas flow rates are investigated. As
a result using manufactured two-stage heat exchanger, the biogas can be reformed from waste heat recovery. This

experiment suggests that the exhaust gas heat exchanger is available for reforming the biogas.

Key words : Gas engine generator(7}~Q1 A ¥4 7)), Biogas(H}0] 2. 7}2), Syngas(3h4d 7F2~), Reforming(7]] &)
Reformer(7] & 7]), Two-stage heat exchanger(2thA] & n2t7])
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Fig. 1 Gas engine generator
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Table 1 Specifications of the gas engine generator

WATER OUTLET WATER IMIET  ENGINE GAS OUTLET
Vertical water-cooled t s
Type . .
4-stroke diesel engine o HH <
Displacement 2286¢c¢ o = 7] |
- s==deoodi g 4
Cylinder number 4 i L[J__l_.____j 1
Compression ratio 13:1 4 {E i , H = P e
Maximum speed 1800 rpm == } F
Ignition system Spark ignition ] Iy P
Intake system Turbocharger :‘i .
Maximum power 254 kW I
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Fig. 2 Two-stage heat exchanger
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Fig. 3 Biogas reformer
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Fig. 4 Nickel based steam reforming catalyst, HIFUELTM
R110
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Table 2 Experimental condition for biogas reforming

12 (kW)

Engine output power

Temperature at the back

of turbocharger 470 (C)

Nickel based steam

Catalyst reforming catalyst
Amount of catalyst 10 (kg)
Composition of biogas (ggh ngz)
Biogas flow rates 2/ ?Limljg)/ 20
Supply of water (rgl /inisn)
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Fig. 5 Result of the heat exchanger test (a: engine exhaust
manifold, b: heat exchanger inlet, c: 1-stage heat exchanger
outlet, d: 2-stage heat exchanger outlet, e: water outlet, f:
biogas outlet, g: biogas inlet)
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Table 3 Heat recovery efficiency of the heat exchanger

1 Stage 2 Stage
(biogas) (water) Total
Heat
recovery 333 41.0 74.3
efficiency
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Fig. 6 Variation in syngas concentrations as a function of
various biogas flow rates (without water)
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Fig. 7 Variation in syngas concentrations as a function of
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