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Figure 1 (a) Feature of conventional design (b) 

Conceptualization of proposed design 
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Figure 2 Definition of rain intensity vector on a building (a) 

No effect of wind to rainfall (b) Effect of wind to rainfall 
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Figure !

Fluid film flowing down an inclined plane (souce: Blocken 

and Carmeliet, 2012) 
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Figure 2: Location of Namsane River Basin
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Figure 3: Projection temperature in Namsane River Basin

Figure 4: Future Trend od Rainfall in Namsane River Basin

Figure 5: Comparison of Monthly flow in Namsane River Basin

Figure 7:Projection trend temperature in Namxong River Basin

Figure 6: Location of Namxong River Basin
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Figure 8: Trend rainfall in Namxong River Basin

Figure 9: Comparison of Monthly flow in NamXong River 

Basin
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The Effects of HRT on the Performances of Hollow Fiber Anaerobic Membrane Bioreactor in 

Treating Food Waste 

○Hui CHENG
1
, Yutaka HIRO1, Yu-You LI

1* 
1

Department of Civil and Environmental Engineering, Tohoku University, 6-6-06 Aza-Aoba, Aramaki, Aoba-ku, Miyagi 

980-8579, Japan 
*E-mail: cheng.hui.t7@dc.tohoku.ac.jp

Abstract 
  

 The characteristics of methane fermentation in a hollow fiber anaerobic membrane bioreactor (HF-AnMBR) fed 

with food waste were investigated at mesophilic condition. The HF-AnMBR was operated at three different 

hydraulic retention time (HRT) of 30, 15 and 10 days. The CH4 rich biogas production was significantly improved 

by shortening HRT. Biogas production increased from 19.6 L/d to 54.0 L/d with the decrease of HRT. The 

maximum methane yield was 3.60 L/L-Bioreactor/d at an HRT of 10 days. The total carbohydrate degradation 

was more than 83.5% throughout the experimental runs. Continuous CH4 rich biogas production from food waste 

was successfully sustained. The HF –AnMBR showed CH4 production capacity at the short HRT due to its higher 

cell retention. 

 

 

Keywords: food wastes, hollow fiber anaerobic membrane bioreactor, methane fermentation, mass balance 

 

 

1. Introduction 

In Japan, about 298 million tons of industrial wastes are 

produced every year, 6.7% of which are food wastes. Most 

food wastes are generated by food manufacture and 

restaurants, and unsold food and lunch boxes at supermarkets 

and convenient stores are also included. Such large amount 

of food waste has not only caused major economic losses but 

also wreaked significant harm on climate, water, land and 

biodiversity. Anaerobic digestion of food waste are the best 

option for producing CH4 and reducing environmental 

pollutants, especially COx, CnHm and SOx during gasification. 
The most recent development in biogas production is the 

incorporation of anaerobic bioprocesses with membrane 

separation techniques in a membrane bioreactor. In the 

fermentation process, the membrane provides for excellent 

metabolites/suspended solids separation efficiency, 

reflecting the AnMBR’s higher biogas recovery efficiency 

and cell retention compared with conventional CSTRs. 
However, continuous methane fermentation HF-AnMBR 

with different HRT has yet to be reported. Therefore, the 

objective of this study was to present the performances of 

HF-AnMBR in treating food waste and mainly illustrate the 

effects of HRT on this process. 

2. Materials and Methods 
2.1 Substrate and seed sludge 

Seed sludge was obtained from a mesophilic sewage 

sludge digester at the Sendai municipal sewage treatment 

plant in Sendai. Substrate (food waste slurry) was artificial 

organic fraction of municipal solid waste consisting of a great 

variety of grains, vegetables, meats and fishes. As shown in 

Fig.1 food waste was loaded into the bioreactor after 

mechanical pretreatment using a circulation pump. Food 

waste slurry (45g/L, total solid) was prepared by crushing 

with a cutting pump and dilution with tap water. The 

characteristics of substrate was listed in Table 1. 

2.2 HF-AnMBR system design and operation 

 As shown in Fig.1, the system mainly consisted of a 

substrate tank and an AnMBR. AnMBR was combined by a 

15 L CSTR and a 5 L hollow fiber membrane reactor. The 

effective volumes of two parts were 12L and 3 L, respectively 

and operational temperature was maintained at 37℃  by 

heater. The material of membrane was 

polytetrafluoroethylene (PTFE) with a mean pore 0.2 μm 

and the effective filtration area was 0.1m2. Three peristaltic 

pumps were used to feed substrate to CSTR, to recycle mixed 

sludge from CSTR to membrane separation unit, and to 

extract permeate from the membrane. A gas pump was used 

to recirculate biogas from the head space of CSTR into the 

biogas diffuser which was located at the bottom of the 

membrane unit for scouring membranes. A gas meter was 

used for recording the biogas production.  

2.3 Analysis Methods 

Biogas production was recorded by a wet gas meter, and 

the compositions of biogas (CH4, CO2 and N2) were 

measured by a ShimadzuGC-8A gas chromatograph. The pH, 

alkalinity, chemical oxygen demand, TS, VS, SS and VSS 

 
Fig. 1 Schematic diagram of experimental apparatus 

for HF-AnMBR 
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were measured according to Japan Standard Testing Method 

for wastewater. 

 

3 Results and discussion 

3.1 The operation performance of HF-AnMBR 

As shown in Fig. 2, the pH in the HF-AnMBR kept within 

the range of 7.1- 7.6 throughout the time course. Under HRT 

of 30 days, average biogas production rate was 1.31 L/L-

bioreactor/d. When HRT decreased to 15 days by doubling 

the volume of influent, the biogas production increased 

sharply to 2.42 L/ L-bioreactor/d. After a slight fluctuation at 

the beginning of HRT of 30 days, the biogas composition 

maintained at a stable level, which were 61% of CH4 and 38% 

of CO2. When HRT decreased to 10 days, biogas production 

rate increased to 3.60 L/ L-bioreactor/d. 

When HRT was 30 days, TS and SS concentration in 

bioreactor increased from 12.0 to 18.0 g/L, and 8.25 to14.9 

g/L, respectively. The relaxing membrane pressure 

maintained around 1.54 kPa, and the transmembrane pressure 

also maintained at a low level about 6.38 kPa. As HRT 

changed to 15 days, TS and SS concentration increased 

steadily for the first 10 days, and then increased sharply to 

31.7 g/L and 27.6 g/L, whereas, the relaxing membrane 

pressure increased gradually to 2.30 kPa for the whole stage. 

Transmembrane pressure kept at 8.25 kPa for the first 10 days, 

and then it increased sharply to 16.1 kPa, which was mainly 

caused by the high concentration of TS in the reactor. So after, 

organic retention time was set to 30 days, in order to keep the 

appropriate TS in the reactor and stop membrane pollution. 

Permeate COD almost had no change with the decrease of 

HRT, which kept at about 0.33 - g COD/L. COD removal 

efficiency of AnMBR in this study was 99.6 %，which was 

much high than that reported by He et al., who used anaerobic 

membrane bioreactor to treat high concentration food 

wastewater. 

The soluble COD in food waste slurry accounted for 43.5%. 

COD input for 100 %, 91.3 % of COD was recovered as 

methane, 9.70 % was converted to sludge. However, with the 

decrease of HRT, CH4 recovery efficiency decreased to 

84.8% a little less than that of 30 days. The reason was that 

more COD input covered to sludge, which was attributed to 

lower TS degradation rate in the reactor. 

4. Conclusion 
(1)After HF-AnMBR, the COD concentration was only 

0.33 - g COD/L in the effluent and HRT had almost no effects 

on the quality of effluent. 

(2) HF-AnMBR was successfully operated at high 

concentration of TS and SS, as much as to 31.7 g/L and 27.6 

g/L, respectively.  

(3) The input COD was converted to 91.3% ,85.1% and 

84.8% of methane, at HRT of 30 days, 15 days, and 10 days 

respectively. 

(4) AnMBR operated well for more than 160 days without 

membrane cleaning, and permeability was recovered by 

biogas scouring. 

5. Acknowledgements 
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Table 1 Characteristics of the substrate. 

Parameters Unit Value 

Total solids g/L 45±6.1 

Volatile solids g/L 43±5.4 

Total COD g/L 74±5.6 

Soluble COD g/L 29±5.0 

Total carbohydrate g/L 23±2.6 

Soluble carbohydrate g/L 5.2±0.7 

Total protein g/L 12±3.3 

Soluble protein g/L 2.2±0.3 

Total nitrogen mg/L 22±4.0 

 

 

 

Fig. 2 Time courses of methane fermentation system 
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4.1 RUSLE parameter estimation 

4.1.1 Rainfall erosivity factor ( )

4.1.2 Cover-management factor ( )
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4.1.3 Slope length and steepness factor ( )

4.1.4 Conservation practice factor ( ) and Soil 

erodibility factor ( )

4.2 Soil loss assessment 
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