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Sludge collected from a belt press in a wastewater treatment is composed of fiber,

Abstract:

chemical from production process and also microorganism sludge from the wastewater treatment.
From the paper process, some amount of fiber is loss to wastewater. One ton of paper production
produces 0.52 ton of sludge from a wastewater treatment. A bio-hydrogen process is conducted
from fermentation with anaerobic microbial consortium. The microbial consortium could utilize
various organic matters as substrate for the bio-hydrogen production. The objective of this study
is to utilize the sludge from the wastewater treatment to produce hydrogen under anaerobic
fermentation. Firstly, cellulase was produced from the sludge by Trichoderma reesei at room
temperature. Because of high ash content (65.39%) and low total organic carbon (19.23%) in the
sludge, bagasses, rice straw and rice bran were supplied as co-substrate for the cellulase
production and the mixture of rice straw and rice bran at the ratio of 4:1 was the optimal substrate.
Thereafter, 5 FPU crude cellulase was supplied in the sludge to hydrolyze cellulose to be reducing
sugar used as substrate in the hydrogen production. The hydrolysis of sludge with crude cellulase
at pH 4.8 and 50°C for 12 hr provided the highest reducing sugar concentration. Sludge pretreated
with 3% sodium hydroxide solution (NaOH) at room temperature for 2 hr gave reducing sugar
concentration higher than that did with 1% and 2% NaOH as well as did with hydrochloric acid
solution at concentration of 1%, 2% and 3% after the hydrolysis with crude cellulase. Moreover,
the efficiency of the hydrolysis was increased when the pretreatment with 3%NaOH was done at

100°C and 121°C. However, reducing sugar concentration from the hydrolysis of the NaOH
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pretreatment of sludge at both temperatures was not significantly different. Subsequently, the
fermentation of pretreated and hydrolyzed sludge with microbial consortium pre-heated at 104°C
for 60 min provided higher hydrogen production compared with the fermentation with the original
microbial consortium without heat pretreatment. The fermentation of sludge at 4% total solid
content produced hydrogen higher than that done with 3%. Additionally, the fermentation of
office paper waste and sludge at the total solid content of 1% and 3%, respectively provided
hydrogen higher than that done with only sludge and that done with the mixture at the ratio of
0.5:3.5, 1.5:2.5 and 0:4. The carbon and nitrogen ratio at 40:1 and initial pH at pH 5 enhanced the
efficiency of hydrogen production. Accordingly, the hydrogen production was carried out with 2
L sequencing batch reactor. Piping system in the reactor was clogged because of high chemical
solid content. Therefore, the fermentation of only pretreated office paper waste was introduced
into the reactor to represent the fermentation of cellulose in the sludge. The hydrogen production
was conducted by Clostridium thermopalmarium at 55°C at hydraulic retention time (HRT) of 48
and 26 hr. Higher hydrogen production was achieved in the fermentation at HRT 26 hr. The
highest hydrogen content and hydrogen production yield were 60% and 463.18 ml/g_ ..
respectively. In the economic feasibility study, the utilization of calculated hydrogen capacity for

an alternative energy source could reduce the annual consumption of stove oil approximately

904,375 litters.

Keywords : cellulase production, hydrogen production, pretreatment of substrate and seed

sludge, sequencing batch reactor



