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Abstract

We developed a novel wastewater treatment system concept combining two types of anaerobic
bioreactors. An anaerobic downflow hanging sponge unit with effluent recirculation (ER-An-DHS)
was coupled with an upflow anaerobic sindge blanket (UASB) reactor for treating discharge volumes
(less than 100 L-d™) of wastewater from the processing of thick white noodles (xdo#) that contained a
high concentration of suspended solids. A continuous flow experiment using laboratory-scale
reactors was conducted over a period of 450 days using a raw wastewater substrate with a high
concentration of organic materials, the main component being starch from flour, obtained from a
Japanese udon restaurant. The combined reactors achieved the following performance: more than
90% of total chemical oxygen demand by dichromate (CODecr) and total organic carbon (TOC) were
removed by the system. The organic loading rate (OLR) was 12 kg CODcr-m™-d"' for the ER-An-
DHS and 18 kg CODerm™-d" in the UASB reactor. In this novel system, the ER-An-DHS unit
functioned as pretreatment for the UASB unit, removing SS and adherent substances from the
wastewater but producing volatile fatty acids (VFA) by acidfication. The proposed system was easily
maintained, and there was no washout of granular sludge from the UASB unit.

Keywords
Anaerobic digestion, ER-An-DHS, UASB, energy consumption savings

INTRODUCTION

The most widely used anaerobic treatment technology is the UASB (Upflow Anaerobic Sludge
Blanket) system (Lettinga ef al., 1997). But when treating matter that retards the process, like high-
strength wastewater containing suspended solids (SS), the UASB system may suffer breakdowns
due to granular sludge washout (Tagawa et al., 2002). There are many cuwrent reports of
applications where UASB treatment is combined with DHS (Down-flow Hanging Sponge) systems
to treat sewage, and a few reports where anaerobic DHS (An-DHS), DHS with effluent recirculation
(ER-DHS), and combined DHS + UASB technologies have been investigated. An-DHS systems
provide sufficient treatment; 70% to 90% of total COD is removed, and 60% to 90% of the methane
produced can be recovered at 20°C with a Hydraulic Retention Time (HRT) of 2 hours (Tandukar et
al., 2006; Sumino et al., 2007). We propose a system that combines ER-An-DHS and UASB
treatment technologies. The ER-An-DHS unit is filled with polyurethane sponges attached in
parallel to a polyviny! chloride net ring in a reactor where anaerobic conditions are maintained.

To estimate this novel system’s performance, we conducted a continuous flow experiment using
a combination of ER-An-DHS and UASB units fed a raw wastewater from the production of thick
white noodles (udon). In developing this novel anaerobic treatment system, we aimed for
improvements in economy (low initial cost), ecology (anaerobic biological wastewater treatment)
and energy savings (low operating cost) compared with conventional wastewater treatment systems
such aerobic treatment.



MATERIALS AND METHODS
Development of the ER-An-DHS and UASB reactors

The experimental system consists of an ER-An-DHS reactor with a working volume of 200 L
followed by a 33 L UASB system. The ER-An-DHS rector was made from a 200 L polyurethane
tank 56.42 cm in diameter and 80 cm high, filled with about 4,000 polyurethane sponges. The
sponges were (.56 mm in diameter and the sponge volume ratio was 44%. They were attached in
parallel to a polyvinyl chloride net ring 3 c¢m high and 3 cm wide that was developed at Nagaoka
University of Technology. The 33 L UASB reactor (20 cm in diameter, 100 cm high) was seeded
with granular sludge that had been cultivated from soybean food processing wastewater. It was
equipped with a water jacket and a gas-solid separator (GSS) with a working volume of 31 L placed
on top of the reactor. Udon wastewater was fed into the ER-An-DHS reactor from a distribution
system on the top of the reactor through a distribution tube. The raw udon wastewater was initially
treated by immobilized anaerobic microorganisms on the sponges as it flowed from top to bottom in
the reactor. Some of the effluent was recycled. The UASB reactor then acted as a polishing unit to
remove the remaining organic substances.

Continuous flow test

To evaluate the performance of the ER-An-DHS+UASB system, we applied an udon wastewater,
in which the main component was starch, from a Japanese food restaurant. The wastewater substrate
had high concentrations of organics and suspended solids. An analysis of the udon wastewater is
shown in Table 1.

Table 1 Characteristic of udon wastewater used as a feed

pH CODBber CODyy, TOC BOD; SS T-N T-P
O (mgLlh) @mgL") (wgL’) (mglL?) (mgL?) (mgL?) (mgL?)

71 9,680 5,880 3,330 4,970 1,970 49.5 193

udon wastewaer
total

The characteristics of this wastewater, high concentrations of chemical oxygen demand by
dichromate (CODcr), chemical oxygen demand by potassium permanganate (CODMn), total
organic carbon (TOC), 5-day biological oxygen demand (BODs), S8, total nitrogen (T-N), and total
phosphorous (T-P) arise from the abundant organic matter in this wastewater, The wastewater is
also hot and contains adhesive matter. If fed directly into a UASB system, it could cause system

breakdowns.

Some of the ER-An-DHS reactor effluent is recirculated, which dilutes the raw wastewater.
Wastewater and recycled ER-An-DHS effluent are mixed in the feeding tank. Then the mixture is
fed into the top of the ER-An-DHS reactor, and flows down through it. The portion of the ER-An-
DHS effluent that is not recycled is sent to the UASB reactor for polishing. The organic loading rate
(OLR) of the ER-An-DHS effluent treatment is increased step by step. The volume of recirculated
ER-An-DHS effluent was 560 L-d”" at all times. Biogas produced in the UASB reactor was passed
through a trap and a gas meter and discharged into the atmosphere. The temperature in the ER-An-
DHS and UASB reactors was maintained at about 35°C by sending the inflow through a heat
exchanger before it entered each reactor. The raw wastewater, ER-An-DHS effluent, and UASB
effluent were the major targets of analysis. TOC, CODcr, pH, and the methane concentration in the
UASB biogas were analyzed periodically.



RESULTS AND DISCUSSION

Figures 1(a) to 1(c) display the resuits of the continuous flow experiment. The TOC
concentration in the UASB effluent, shown in Fig. 1(a) is 916 mg-L" just after it is introduced into
the ER-An-DHS+UASB system. The TOC concentration remained high for a while, but over time,
stabilized at a TOC removal of about 90%. The system also maintained about 80% to 90% CODcr
removal, as shown in Fig. 1(b). This result suggests that the granules in the UASB reactor become
acclimated to the process conditions. Then, even when the OLR increased, the total removal stays at
80% to 90%. This shows that the ER-An-DHS+UASB system has an advantage in being able to
handle OLR fluctuations such as those shown in fig. 1(c).

The effluent of the ER-An-DHS system smells of volatile fatty acids (VFA), but its use removed
the factors that could retard the UASB reactor’s operation. Treatment by the UASB reactor resolved
the VFA problem, so the UASB effluent does not smell of VFA. The methane concentration in the
biogas coming from the UASB reactor is about around 70% and methane recovery ranges from
60% to 90%.

Figure 2 shows the HRT as it changed over time for the ER-An-DHS and UASB reactors. The
HRT was decreased step by step. The overall performance achieved by the ER-An-DHS+UASB
reactors was as follows: more than 90% of total CODcr and TOC were removed by the system,
methane recovery was about 70% to 90%, and about 350 L-d”" of biogas was produced in the UASB
reactor at the mesophilic temperature (about 35 °C) of the reactors’ operation. The HRT was 10.6
hours (based on wastewater) in the ER-An-DHS unit, which had a recirculation rate of 2.8, and 4.4
hours in the UASB reactor. The OLR was 12 kg COD-m™-d”! in the ER-An-DHS and 18 kg
CODm™-d”" in the UASB. Moreover, there were no serious breakdowns of either reactor, and daily
maintenance consisted of only easy cleaning, which required no technical knowledge.
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CONCLUSIONS

The ER-An-DHS+UASB system, supplied with a high-strength organic wastewater, with starch
being the main pollutant, was operated over 450 days at a mesophilic temperature in both reactors.
This process achieved the following performance: overall CODcr and TOC removals were more
than 90% through the system, methane recovery was about 70% to 90%, and the volume of biogas
produced in the UASB reactor was about 350 L-d"\. The HRT was 10.6 hours (standard wastewater)
in the ER-An-DHS unit, which had a recirculation rate of 2.8, and 4.4 hours in the UASB reactor
that followed the ER-An-DHS treatment. The OLR was 12 kg COD'm™-d”! in the ER-An-DHS unit
and 18 kg COD'm™-d"" in the UASB unit. The MLVSS concentration in the UASB reactor was
46,790 mg VSS-L™ (VSS-SS7=0.92) in the bed, 24,220 mg VSS-L™' (VSS-SS'=0.94) in the blanket,
and the sludge loading rate was 0.59 g CODecr-g VSS™-d™'.

These reactors were operated with relatively easy maintenance, and there was no washout of
sludge from the UASB reactor. The initial cost and operating cost of the entire system was
relatively cheap. The ER-An-DHS+UASB system performs well under a high organic matter
loading, is easy to maintain, and is economical (low cost). Thus it has the possibility of being
successfully introduced to developing countries.
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