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ABSTRACT

Hydrogen production using steam reformation from biogas as feedstock
was designed, constructed and demonstrated. Biogas was gained from
swine wastewater pond in Ratchaburi province, Thailand. Thisbiogaswas
firstly cleaned by removing Hydrogen sulfide; H,S, using Lo-Cat. Iron com-
plex compound (Fe(I11) EDTA) solution wasreacted with hydrogensulfide
ion. Then the complex compound was regenerated oxygen from the air.
Carbondioxide was separated from biogas using molecular sieve as an ad-
sorbent. The result showed that the outlet gas from cleaning system was
comprised of methane 46.53% while H,S waslessthan 100 ppm. Next step,
hydrogen gas was produced by steam reformation reaction with Ruthe-
nium 5% on Alumina as catalyst which operated at 700-800°C. The gas
productisH, 37.73%, CO 20.38% and CH, 1.08% at the production rate of 50
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liters per day. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Hydrogen isfuel for futurewhich beusedin car
engine and rel eases non-carbondioxidegas. Hydrogen
can bechanged to be d ectric energy through high-€ffi-
ciency fudl cell for transportation. At the present time,
Thailand has devel oped many kind of aternative en-
ergy include producing gasesfor subgtitute pure hydro-
geninfuel cell. Steam reformation techniquewasused
in changing those gasesto be more proper gasand in-
creasing efficiency for usnginfud cell or evenindirect
combustion. Thiswill beanother choicefor dternative
energy reaingto Thailand deve oping energy road map.

Theenergy resource which was used for produc-
ing hydrogen gas by steam reformationinthiscaseis

methane. M ethaneishiogas produced by fermentation
of biomaterialsand bio-waste, including wastewater
from swinefarm and cassavaplant. Since Thailandis
agricultural country, thelarge amount of methanewas
produced in each day. Hydrogen producing from meth-
aneby steam reformationwill be another way utilizing
thiskind of biogas.

Horikawastudied about the variablesthat affected
the H,Seliminating processfrom biogas by using Fer-
ric Chloridesolution reacted with EDTA at concentra-
tion of 0.2 molart¥. Thereaction could changereactant
to be Ferric Chelate (Fe**-EDTA) which could react
with H_S absorbed by water from feeding biogas at the
rate of 1000 ml per minute. Theresult found that the
H.S-eliminating efficiency was above 90%, at the ab-
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Figurel: Thecleaning gassystemfor preparation of meth-
ane
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Figure2: Thehydrogen production by steam refor mation
process

Figure3: Thegascleaning unit

sorbrateof 83 ml per minute. Thisreaction had advan-
tagethat the Chelaesolutionwould react withonly H,S,
so therewasno losswhen regenerated.

By collaborating with Department of Alternative En-
ergy Devel opment and Efficiency, Thedeveloping and
demongtrating of hydrogen production by steam refor-
mation system from methanefor usinginfue cell has
been done. The pil ot scal e system which can produce
hydrogen at the rate of 50 liters per day was devel-
oped, including hydrogen storage syssemwith high pres-
sure and cleaning system. Main compoundsof thesys-
temwill follow the concept of Hydrogen production
fromwaste?.

MATERIALAND METHODS
Hydrogen production by steam reformation from

methane consists of 2 vital parts; biogas cleaning and
H, production, asfollow:

Figure4: Thehydrogen producing unit

Biogas cleaning process

Thisprocess had objectiveto eiminate hydrogen
sulfide and carbon dioxide from biogas by using Lo-
Cat method. Thismethod depended onredox reaction
between sulfide-ionin water solution reacted with fer-
ric-ioninwater solution. Thereaction can beshown as

equations(1) and (2)

H.Sy = H.Sy @

H,S., + 2FE*[EDTA] ,, > S, +2F€* [EDTA] _ +2H"
@

Thesereactions can reduce the chemical usage by
redox reaction of Ferrousionwith oxygen (air) to Fer-
ricion back to reactor again®. Thedesignfor gasclean-
Ing System consistsof 2 processes. Thefirstishydro-
gen sulfideeiminating process and the second is car-
bon dioxidediminating process. Conceptud desgnwas
doneby commercid smulation named ASPEN PlusV.
7. Thedetailsof the systemareshowninfigure 1. All
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Figure5: TheH, producing rate per day from 10 experi-
ments, with theaver age of 54.33 liters

Szing equipmentsarere-ca cul ated with common mar-
ket suppliesin order to suit for rura community.

Seam refor mation process

After cleaning gasprocess, methanewill besent to
steam reformation process. Thisprocessisthereaction
between methaneand steam at thetemperaturearound
700-800°C by using Ruthenium ascatalyst. Thereac-
tion can be shown asequation (3).

CH,,+H, 0, +(Heat) > CO  +3H, ©)
Thedesignfor thisprocess, simulated fromAS-
PEN, canbeshowninfigure2.
Thenext step, the gas cleaning unit and hydrogen
producing unit havebeen built up, asshowninfigure 3.
Then, the hydrogen producing unit was congtructed,

asshowninfigure4.
RESULT AND DISCUSSION

Theresult of the cleaning gasprocessand reforma:
tion processtesting can be shown asfollow:

Theresult of the cleaning gas process

Since H, produced from biogas by steam reformar
tion process needed to be cleaned before processing,
according to large proportion of CO, and H,S com-
posedingas, causing damage of apparatus. Theresullt,
thefeeding biogas composed of methane42.35%, CO,
52.35%, air 5.3% and H,S 100 ppm. After cleaning
process by the method of LO-CAT and molecular seve
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(Type A), the cleaned gas comprised of methane
46.53%, CO, 44.87%, air 8.6% and H_S less than
100 ppm. Thegasfeeding ratewas 50 ml per minute,
whichwas methaneinput at therate of 33.5 liters per
day.

Theresult of steam reformation process

The steam reformation processfrom swine-farm-
ing biogasby using Ruthenium 5% onAluminaas cata:
lyst inatmospheric pressure and temperatureof 700°C,
operating time 100 hours, divided into 10 times (10
hours per eachtime). After the process, gaswas ana-
lyzed by Gas Chromatography (GC) for H,composed
inproduced gas. Theresultisshowninfigure5, which
could be calculated to H, producing rate.

The proportion of H, in product gas was about
37.73%, CO 20.38%, methane 1.08% and Helium (He)
along with CO, was40.81%. TheH, productionrate
equaled to 54.33 liters per day on average, and gas
flow ratewas0.1 litersper minute.

CONCLUSION

Thisarticledemonstrated the prototypeof S0liters
hydrogen production. We used swinefarm at Rachaburi
that normal produced biogasasatesting site. Thepro-
totype comprised of biogasfor power generator purifi-
cation and hydrogen reformation by stream reforming.
Thisprototypewasdesigned asamobilerigin order to
connect to biogas producer directly. Purity and quality
of hydrogenissufficient for future use asfuel gasfor
combustion.
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