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Abstract

This study shows the start-up protocol of a methanogenic fixed-film reactor under thermophilic
conditions (55°C) using biomass adapted to organic fraction of the municipal solid wastes (OFMSW)
with FLOCOR-R as media support. Biohydrogen semi-synthetic substrate used was constituted by
a mixed of the major products of the acidogenic anaerobic digestion processes: acetic, propionic and
butyric acids in a ratio of 2:1:1, respectively, and the filtered effluent of an OFMSW methanogenic
reactor. Laboratory reactor was fed in semi-continuous conditions. The anaerobic process was
evaluated by quantification of different parameters in the feed and the effluent. At the end of the
star-up process the volatile fatty acids removal efficiency was 95 % with a daily biogas production
about 0.225 L CH./L/d.
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Introduction

One of the biological processes developed in the last years to utilize municipal solid wastes
(OFMSW) for useful energy and materials recovery is the anaerobic digestion. High-rate anaerobic
digesters which retain biomass have been popular in the waste treatment field because it has many
advantages such as a high treatment efficiency and methane producing ability. Nowadays the
generation of biohydrogen generation of this waste is also being considered as a viable alternative.
This process generates environmentally clean energy (biohydrogen) and also stabilizes the waste.
Thus, the biohydrogen fermentation technology could curtail the growing energy insecurity and
eliminate the global and local pollution problems resulting from excessive use of fossil fuels. The
biohydrogen fermentation technology could enhance the economic viability of many processes
utilizing hydrogen as a fuel source or as araw material (Sung et al., 2003).

When a high COD waste, such as OFMSW, is treated in a two-phase anaerobic system, volatile
fatty acids (VFA) -mainly acetic, propionic and butyric acids - are produced in the biohydrogen effluent
into the acidification reactor and converted to CHs and CO. in the following methanogenic reactor.

This study evaluates the start-up protocol of an anaerobic fixed-film reactor under thermophilic
conditions (55°C), with a plastic media support (FLOCOR-R), using a new substrate. Sometimes, it is
necessary to use synthetic substrates to proceed the start-up of a reactor. In this case, initially, there
was no real acidogenic substrate, so a semi-synthetic feed was used.



Methods

Laboratory reactor: The start-up process of support media was carried out in an anaerobic
fixed-film reactor. The laboratory reactor consisted on a vertical cylindrical tank (length 25 cm,
internal diameter, 10 cm), with a total volume of 2.5 L and active volume of 2.25 L (volume of FLOCOR-
R plastic support). The reactor temperature was maintained at 55 =+ 1°C by circulating water through
the water jacket and the biogas generated was collected in a gas meter. Effluent recirculation was
used to mix and homogenise the liquid in the system. Recirculation Ratio (R) is defined as the ratio of
recirculation flow and active reactor volume. This parameter has units of d' and represents the
number of times daily that circulates a volume equivalent to active reactor volume. FLOCOR-R was
chosen because of its characteristics: Corrugated plastic tubes of 16 mm in diameter (non-porous
media) of low density (1.161 kg L"), high porosity (93.71 %), and high specific surface (450 m? m™3)
suitable for using stationary packed media in filter reactors.

Inoculum: The inoculum was obtained from a stirred tank reactor of a pilot plant working in
thermophilic anaerobic digestion of the OFMSW that operated in optimal conditions at the time of
sampling. The pilot plant was located in an industrial plant for recycling municipal solid waste (Municipal
Wastes Treatment Plant “Las Calandrias”, which is located in Jerez de la Frontera. Spain).

Substrate: The substrate used was the effluent of a methanogenic digester treating OFMSW
from the same facility. In the first step, the effluent with high solids contents was separated as solid
and liquid effluent by using filter bags (Teknofanghi®). The major intermediate products of acidogenic
anaerobic digestion such as acetic, propionic and butyric acids were mixed and added in the liquid
effluent in a ratio of 2:1:1, respectively (This ratio was suggested by several authors to simulate
acidogenic effluents: Speece and McCarty, 1964; L. CHiu-Yue, 1985), and used to simulate a
biohydrogen semi-synthetic substrate for feeding into reactor. It was used to the production of
biogas in a second step of the methanogenic anaerobic digestion and the solid effluent would be
subjected to composting. The main composition of the semi-synthetic feed is shown on Table 1.

Analyses: Chemical Oxygen Demand (COD), volatile suspended solids (VSS) and pH were
determined by Standard Methods (APHA, AWWA, WPCF, 1989). Both the Volatile Fatty Acids (VFA,
total and individual compounds) and biogas composition (CH, and CO,) were analysed by gas
chromatography (Garcia-Morales et al., 1997).



Table 1. Main characteristics of the semi-synthetic feed

Parameters Concentration
acetic acid (mg/L) 7131.06
propionic acid (mg/L) 4318.07
n-butyric acid (mg/L) 4564.6
pH 5.74
COD (mg/L) 40250
VSS (mg/L) 3059.17

Results and discussion

For the start-up process, initially the inoculum was added to the support (FLOCOR-R) without
recirculation in order to begin the initial precoating process of bacterial colonization (Garcia-Morales et
al, 1997). After 2 weeks, the reactor was fed with the semi-synthetic feed, with an initial HRT of 25
days and with a low rate of recirculation (R: 89.51d™") to facilitate the growth of the attached biomass
and biofilm development. When an increase in the removal of VFA was shown, the agitation by
recirculation was increased (R: 188.23 d™), in order to promote homogeneity of the media and facilitate
the transfer between the substrate and the attached microorganisms (Figure 1).

The biogas production and removal rate of VFAs in the reactor were studied. The reactor was
operated until a steady-state performance was reached, as marked by consistent gas production, an
effluent VFA concentration and the constancy of pH around 8.

The main experimental results are represented in the following figures:
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Figure T:Variation of the characteristic parameters of the anaerobic process: (a) Temporal evolution of VFA concentration
(mg/L) in the star-up period; (b) Temporal evolution of VFA Removal efficiency (%); (c) Evolution of volume of methane

accumulated (L).

Figure 1-a shows the temporal evolution of the VFA. The VFA are initially present in the reactor
at concentrations above 25000 mg AcOH/L, until day 40 in which begin to decrease. This reduction
coincides with a significant increase in biogas generation as shown Figure 1-c with a stable
composition (80% CH,4 and 20% CO,), and also a stabilized concentration of VSS in the effluent (780
mg/L).



From day 60 the results shows that an increase in the ratio of recirculation causes a good
homogenization of the medium, with a better transfer of substrate to the biofilm, and therefore
increased VFA removal efficiency (Figure 1-b).

After this period, HRT was decreased to 10 days and the reactor was fed with a real biohydrogen
effluent. Thus, high removal efficiencies were shown, which is indicative of bacterial population
obtained on the star-up process is adequate to degrade these effluents.

Conclusions

A fixed-bed technology non-porous plastic support FLOCOR-R type is suitable for waste
treatment readily. The physico-chemical presents FLOCOR-R make it highly suitable for operation in
fixed bed as the high porosity of the bed prevents any clogging phenomena associated with this
technology.

The support characteristics and the described colonisation protocol allow to start-up the biofilm
reactor in a short length of time, with a rapid biofilm development and reduced the lag periods.

The experimental results obtained indicate that anaerobic filters can remove high
concentrations of VFAs. The volatile fatty acids removal efficiency was 95 % with a daily biogas
production about 0.225 L CH4/L/d. Methanogenic reactor start-up using a semi-synthetic acidogenic
effluent was carried out successfully.
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