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This research covers two components, i.e., con~inuous production of hydrogen via fermentation 
and batch production of methane through co-digestion with liquid swine manure as substrate. 
The hydrogen fermentation used a semi-continuously-fed fermenter (8 Lin total volume and 4 L 
in working volume. The pH for the fermenter was controlled at 5.3 ± 0.1 by adding hydroxide 
(1.0 M NaOH) to the liquid through a peristaltic pump during mixing and the temperature was 
controlled at 35 ± 1 °C throughout the experiment using a hot plate stirrer that not only provided 
mixing to but also maintained the temperature of the fermenter content. Three hydraulic retention 
times (HR T: 16, 20, and 24 h) were investigated for their impact on the efficiency and 
performance of the fermenter in terms of hydrogen yields. The results indicate that an increasing 
HRT would increase the variation in hydrogen concentration in the offgas. To produce hydrogen 
with a fairly consistent concentration, the HR T of the fermenter should not exceed 16 h, which, 
however, did not appear to be short enough to control methanogenesis because the offgas still 
contained about 5% methane. When methane content in the offgas exceeded 2%, an inverse 
linear relationship between hydrogen and methane was observed with a correlation coefficient of 
0.9699. To increase hydrogen content in the offgas, methane production has to be limited to 
below 2%. Also, keeping oxygen content in the fermenter below 1.5% would increase the 
hydrogen concentration to over 15%. The product to substrate ratio was found to be around 50% 
for the fermenter system studied, evidenced by the observation that for every 6 liters of manure 
fermented, 3 liters of pure hydrogen were produced, which was significant and encouraging. For 
the methane study, wheat straw was tested as an additional carbon source to determine its 
feasibility of enhancing the gas production via anaerobic co-digestion. Two lab-scale anaerobic 
digesters were constructed for the batch tests, one for straw treatment and one for control. Dry 
wheat straw (C content: 45.7%) was ground to a size of 40 mesh and was added to liquid swine 
manure to increase its carbon content ( carbon/nitrogen ratio of 16). The temperature for the 
digester was controlled at 37±0.1 °C using a hot plate with stirring capacity that provided gentle 
mixing to the digester content for uniformity. The pH in the digester liquid was monitored and 
controlled at between 6.5 and 7.5 by adding either hydroxide (1.0 M KOH) or acid (1.0 M HCl) 
in the influent. The batch test lasted about 70 days, but sampling was only performed in the first 
35 days due to extremely low daily gas production after 35 days of operation that was 
insufficient for analysis. According to the data, addition of straw into the digestion process with 
swine manure clearly can increase methane productivity. The total daily gas volume from the 
digester supplemented with straw increased by as many as 14 times as compared to the control. 
An external carbon source could also cut short the break-in time needed for the digester and 
increase the methane concentration in the off gas by between 14 and 64 % during the functional 
digestion period from day 7 to 29. In the same operational period, the minimum and maximum 
increases in pure methane volume were 2.0 and 8.5 times those of the control, which was 
remarkable. This information is encouraging and surely indicates that co-digesting swine manure 
with agricultural residues can be a cost-effective method in boosting methane production while 
recycling the wastes at the same time. More research in this area is certainly warranted. 
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