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Experimental Assessment of Biomass Gasification for Hydrogen Production
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ABSTRACT

Hydrogen can be produced by gasification of biomass and other combustible fuels. Depending on oxydant agents, syngas or producer gas compositions
become quite different. Since biomass has limited amount of hydrogen including moisture in it, the hydrogen concentration in the syngas is about 15%
when air is supplied for oxidant agent. Experiments were conducted to investigate the channges in hydrogen concentrations in syngas with different
oxidant agent conditions, fuel conditions, and external heat supply. Allothermal reaction resulted in higher concentrations of hydrogen with the supply
of steam over air, reaching over 60%. Hydrogen is produced by water-gas and water-gas shift reactions. These reactions are endothermic and require
enough heat. Autothermal reaction occurred in the downdraft gasifier used in the experiment did not provide enough heat in the reactions for hydrogen
production. Steam seems a more desirable oxidant agent in producing the syngas with higher concentrations of hydrogen from biomass gasifications

since nitrogen is included in syngas when air is used.
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450Coll A 30 F3ls o) 7]E0R 4550 wef tha 2}o]
© ot FIES L 80% WjollA BHEt 5 30% e
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A7k F EEEe] 24| WolR|= Alolt) ERF A= t
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Fig. 1 Downdraft gasifier used for the experiment (T1 :
temperature sensor at oxidation zone, T2 :
temperature sensor at reduction zone, F1 : flow
meter, W : Scale)
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2098 A F H, F=7F10% olat= Wobd o]% CO 5=
7} CO, w0l HsiA Aoz =4 ekttt (Fig 3).
700 Cof| A= COYs 7t CO o Hlaial g4 7 Vel
o, 800C ofAli= Hy F&7t a7dahs Al-oA] CO s=7t
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Table 1 Major reaction equations in gasification reaction (Watson et al,, 2018)

Reaction name Reaction Endothermic / exothermic Reaction temperature
Boudouard reaction C+ CO,<2C0O Endothermic > 700°C
Water-gas reaction C+ H,O—~CO+ H, Endothermic > 700°C
Combusion of char C+ 0,<C0, Exothermic
Methane decompostion CH,+H,0-C0+ H, Endothermic > 500°C
Water-gas shift reaction CO + H,0< CO, + H, Exothermic 300~600C
Steam reforming gﬁﬂfgg ?—2002 Exothermic > 700C
Methanation CO+3H,~CH, + H,0 Exotherm?c 300~600°C

CO, +4H,—~CH, +2H,0 Exothermic 300~600C
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Fig. 3 Gas composition changes from air gasification reaction at
different fixed temperatures
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Fig. 4 Gas composition changes from steam gasification reaction
at 800°C
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yel, CO 8% Wiel, T18]al COx= 28% s FAIS Aoz
of it

Pang et al. (2020} @<=t HalS 750C &% 2 7ojA]
Z7)2 /A 1 Hy 51~56%S de Ao \Bust
vh Qlet 0|59 Ad Ao M= COEEr} 28~40%E
tell BlsiAl B =4 Yk, Hab CO9| -2 84~N%E
A= o= & Aq-ade] Blsh w2 Ajolnh & A
Toll A= Haek CO9J 39| Hth2]= T1%2A 8o & o
2 Wtk 7 olfi= o]50] o]8% 37 WhET|et= g
2 AolA ol8H FEHYA W7 |oA= 2 A=Tt
4 WSl AUA YA AZE w0l o] Fojz] o= 4
Kol ARTt AR A] 2 F1to] WAsto] UR =577}
E315t Avl2 2AFc) Sattar et al. (2014)S & AALo|| Ao}
FARSHA FEHU AL = v lE ol galo] BA xg}
TRt Ho| QUi AE tiifo® F7] EE 7RG AYS
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71 vlgo] L 6 7V AXE YEith CO, &7t =
1 CO s Add o s Wop7] ok ojegh 2utg
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l" o
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al., 2019; Haykiri-Acma et al., 2006).
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a) Woodchip (50%) : charcoal (50%)
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b) Woodchip (40%) : charcoal (60%)

Fig. 5 Syngas compositions by different fuels conditions with steam and air supply
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