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Pilot-scale anaerobic digestion of municipal biowaste with thermal hydrolysis pre-treatment
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In this research, anaerobic digestion of municipal biowaste was studied in a pilot-scale plant in Beijing,
China. Thermal hydrolysis (TH) was applied as pre-treatment to improve digestibility of the biowaste. Its
effects on properties of the biowaste and digestion performance were then evaluated. This research consists of
eight chapters. Except for improving solid hydrolysis, thermal hydrolysis was found able to improve settling
performance of the biowaste. According to this, anaerobic sequencing batch reactor (ASBR), in which a solid
settling phase is designed, was used as a digester. Solid settling behaviors in the ASBR were studied and
ASBR was compared with continuously stirred tank reactor (CSTR) for digester stability and performance.
Furthermore, a model was established to predict organic removal and microorganism growth in both ASBR
and CSTR from an importation parameter, solid retention time (SRT). At last, systematic evaluation was made
to the TH-ASBR combined technology from the aspects of energy, economy, and environment. All these
contents are aimed to provide experiences and suggestion for future studies on this TH-ASBR combined
technology for the treatment of municipal biowaste. Results were also compared with lab studies and other
studies for verification. Major contents are as following:

1) 38.3% of volatile suspended solids (VSS) in the municipal biowaste were hydrolyzed by TH
pre-treatment. Volatile fat acids (VFAS), which are important inhibitors in the digestion process, also increased
by 42%. As buffering ability of the biowaste was also improved by TH, digestibility was not affected by the
VFA increase. Biochemical methane potential (BMP) test showed maximum methane production rate was
improved by 115%. These results were greater than those obtained in lab studies, as the pilot plant used steam
for heating while the lab studies used electricity. The latter may cause unequal heating in the biowaste and thus
weaken hydrolysis performance. TH also improved fluidity of the biowaste. Viscosity was decreased. Settling
and dewatering performance was improved. These resulted from interaction of molecule destruction, particle
size variation, dilution, and so on. Especially, improvement on settling performance indicated that application of
ASBR become possible.

2) Pilot-scale digesters with and without TH pre-treatment were compared for their stability and
performance under organic loading rates (OLRs) of about 1.5 and 3 kg VS/(m>day). Itwas found that thermal
hydrolysis improved digester stability, especially under a higher OLR of about 3 kg VS/(m*day). Obvious
difference was not found for performance of the two digesters on organic removal and daily biogas production.
However, batch monitoring results revealed that reaction in the digester without TH pre-treatment was lagged
for about 4-6 h. It implied digestion was accelerated when TH pre-treatment was applied. When digestion time
is shortened (under a lower hydraulic retention time (HRT)), digesters without TH may get unstable easier than
those with TH pre-treatment.

3) Solid settling behaviors in ASBR were studied. At lower OLRs of 1.6-1.8 kg VS /(m>.day), settling
behaviors can be described by combination of zone settling and compression settling. Settling viscosity can be
predicted from suspended solids (SS) concentration by Vesilind equation. Viscosity, which was easier to be
determined than SS, was found relate to (SS) and able to predict the settling viscosity. However, at a higher
OLR, settling performance was interrupted by biogas production and could not be explained by the classical
theory. ASBR was found outperforming CSTR in many aspects. It had better stability, lower effluent strength,
better removal of organics, and more biogas production than CSTR. Especially, ASBR performance showed
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better resistance to HRT decrease than CSTR, which indicated digester capacity can be improved when ASBR
is applied.

4) A model developed from the hypothesis of hydrolysis limitation was established for prediction of
substrate removal and microorganism growth in both ASBR and CSTR. Effluent concentrations and solid
accumulation in ASBR can also be predicted from this model. Another well-proved model was also used for
comparison. It was found the model established in this chapter corresponded with the experiment data, and were
also comparable with the simulation results from the other model. It showed that SRTs should be longer than
about 20 days to obtain relative stable removal of the organics in MBW, which also corresponded with common
suggestion from other studies. This result indicated an advantage of ASBR over CSTR, as longer SRTs can be
obtained in ASBR than CSTR when they are operated under the same HRT.

5) Systematic evaluation was made to the TH-ASBR combined technology from the aspects of energy,
economy, and environment. Treatment of municipal biowaste by TH-ASBR before incineration, were compared
with TH-CSTR, CSTR, and direct incineration. Results showed the energy consumption and greenhouse gas
(GHG) emission is TH-ASBR + incineration< TH-CSTR+ incineration< CSTR + incineration < incineration,
while running cost is contrary. It indicated anaerobic digestion of biowaste before final disposal by incineration
can help to reduce energetic, economic, and environmental loads of the whole system. Both application of TH
and ASBR can help to reduce these loads further, which makes the system be energetically, economically, and
environmentally friend. It implies promising future to use this TH-ASBR combined technology for the
treatment of MBW.
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