Lk PAANCYC VY
\4%5‘ [+1.
4 IF ' &

i o f ¥\ [t (B%)

fiL i & & 30 3%
TG AH PRkl 54F 9H19H
AL G o B4 PALEHIEE 4 555 1 R

¥ G 8 H A Rotational Drum Fermentation System(RDFS) for
Dry Methane Fermentation
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Although anaerobic fermentation has been utilized widely to treat wastewater and solid-state
organic waste, the efficient anaerobic system and process for the dry methane fermentation are
rare in literatures. This study for doctoral thesis aims to exploit a Rotational Drum Fermentation
System (RDFS) for dry methane fermentation, and mainly evaluate the acidogenic performance
by the process parameters.

The acidogenic process is influenced by various factors, including: waste characteristics,
operational parameters involving hydraulic retention time (HRT) , and environmental factors
such as temperature, pH, reactor/fermentor configurations and oxidation-reduction potential

(ORP) . Prior to the evaluation of acidogenic performances, the characteristics of start-up for
rotational drum fermentation system are revealed using a batch experiment (chapter 2) .The
following study evaluates the effects of HRT and the stirring medium (chapter 3) attached to the
fermentor on the acidogenesis of the RDFS under mesophilic conditions, by characterizing system
parameters such as pH, volatile acids (VA) and their distribution, volatile solid degradation, and
the first order hydrolysis rate constant. The effects of temperature comprising mesophilic and
thermophilic temperature on the acidogenic process also are evaluated (chapter 4) . In addition,
the acidogenic process is improved for pH control by further phase separation into hydrolysis and
acidogenic step (chapter 5) , and addition of leachate from a sound methane fermentor (chapter

6) . The results are summarized as the followings.

1. Startup Characteristics of Rotational Drum Fermentation System (RDFS)
The characteristics of stat-up for rotational drum fermentation system are revealed using a
batch experiment in chapter 2. A bench-scale Rotational Drum Fermentation System (RDFS) was

constructed. Characteristics of the RDFS for solid organic waste were determined. Slightly



diluted dairy manure was used as a substrate of the RDFS. RDFS improved the mixing of the
fermentor content. The volatile acid and methane productivity showed the system feasibility for
dry methane fermentation. Process parameters such as pH, VA and methane content were
evaluated. The effects of operational conditions such as sludge-manure ratios (1:1, 1:2, 1:3, 1:5)
and rotation time (30, 60, 120, 240minutes/day) of the RDFS were determined.

2. Effect of Hydraulic Retention Time (HRT) and Stirring Media on Acidogenic Process
Chapter 3 shows that a two-phase process can be employed to perform dry methane
fermentation using a rotational drum fermentation system (RDFS) .In the first phase, the
acidogenic process is affected by many factors, such as pH, the organic loading rate, hydraulic
retention time (HRT) , temperature, and physical characteristics such as the stirring media in the
fermentor. In this chapter, the effects of HRT and the stirring media in the fermentor on
acidogenic performance were evaluated via system parameters involving volatile acids (VA)
production and volatile solids (VS) degradation under mesophilic conditions. Using fresh soybean
meal or Okara as substrates, two sequential experiments were conducted with a bench-scale
RDFS. The first set of experiments was performed at HRTs of 15, 20, 25, and 30 days. A first order
hydrolysis rate constant of 3.7X103d! was calculated at pH values of 4.3~4.8. VS degradation
and total VA (as acetic acid) ranged from 6.7 to 10.4%, and 13.3 to 16.0 g/L, respectively. Results
of the second set of experiments showed that the stirring media accelerated the hydrolysis and
acidification processes, with Kn values of 5.3~7.2X103 d!, and the VA spectrum was also
influenced. However, some adverse effects from use of stirring media were also observed in the
experiment. The combined results indicate that pH values have an important effect on the
distribution of un-ionized VA and ionized VA. At the same time, accumulation of VA, especially
unionized VA, inhibits the hydrolysis process regardless of the type of stirring media in the

fermentor.

3. Performance of Acidogenic Process under Mesophilic and Thernophilic Condition

Chapter 4 described the acidogenic performances of RDFS under mesophilic and thermophilic
conditions using fresh soybean meal as substrate. The results show that mesophilic condition is
more favorable than thermophilic one when the mesophilic seeding sludge is used as inoculums.
VA ranged from 8.1 to 16.9 g/LL and VS degradation ratios decreased from 10.7 to 2.4% as the
temperature increased from 35°C to 55°C. The excessive low pH (4.6~4.7) inhibited the hysrolysis
of substrate (Kn of 5.7X103 d! and 1.2X 103 d! for mesophilic and thermophilic condition,

respectively) under both conditions.

4. Effect of Separation of Acidogenic and Hydrolysis Process on the Acidogenic Performance

In chapter 5, the effects of process configuration on acidogenic performance were evaluated via
system parameters such as volatile and (VA) production, volatile solids (VS) degradation and
particle size distribution under mesophilic conditions and an HRT of 20 days. Using fresh soybean
meal or Okara as substrates, two process configurations-the cascade process and the solid recycle
process-were employed to perform the experimental estimation. An apparent first-order
hydrolysis rate constant of 9.0X 103 d1 for the cascade process at pH values of 4.5~4.6, which



was higher than that obtained by a previous study (chapter 3, 7.2X103d1) , and 5.0X103d! for
the solid recycle process at a pH of 4.4, which was lower than that obtained in chapter 3, were
obtained. The apparent VS degradation ratio ranged from 9.6 to 16.5% and total VA (as acetic
acid) from 10.8 to 16.7 g/L. Occupying ratios for ionized VA in both process configurations
increased from 27.5% to 30.8% for the solid recycle process and to 35.5% for the cascade process.
The acetic acid ratios also were elevated from 86% to 94.3% for the cascade process and to 93.3%
for the solid recycle process. As regards the distribution of VS particle size, the addition of milling
balls caused the mechanical breakdown of the large particles whereas generation of soluble solid

was not significantly affected.

5. Effect of Leachate from Methanogenic Process on Acidogenic Performance

In chapter 6, the effects of leachate from a methanogenic process on acidogenic performance
were evaluated under mesophilic condition and a total HRT of 20 days. Using fresh soybean meal
or Okara as substrates, two process configurations-the cascade process and the solid recycle
process-were employed to perform the experimental estimation. An apparent first-order
hydrolysis rate constant of 15.8 X103 d! for the cascade process at pH values of 4.6~5.1, which
was higher than that obtained by a previous study (chapter 5, 9.0X103d1) , and 14.4X103dfor
the solid recycle process at pH of 5.0~5.4 which was much higher than that in a previous study

(chapter 5, 5.0X103d1) , were obtained. The apparent VS degradation ratio ranged from 19.4 to
21.1% and total VA (as acetic acid) from 14.5 to 14.9 g/L. Occupying ratios for ionized VA increased
from 30.8% to 68.5% for the cascade process and to 63.4% for the solid recycle process. However,
the acetic acid ratios decreased from 94.3 to 72.6% for the cascade process and from 93.3 to 42%
for the solid recycle process whereas the propionic acid butyric acid ratios increased in both
acidogenic processes. As regards the distribution of VS particle size, the addition of both milling
balls and leachate caused the generation of soluble solid while only mechanical breakdown of

large particles occurred in fermentor without the leachate addition.
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