
MBR workshop in Hokkaido University, Japan

Advanced treatment of low-strength 
wastewater using SBR and vertical-type MBRs

Dr. Hang-Sik Shin

Dept. of Civil and Environmental Engineering,
Korea Advanced Institute of Science and Technology (KAIST), 

South Korea



Characteristics of sewage in Korea
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Removal efficiencies of organic and nutrients 

2.9

1.2

57.4

33.9

21.1

37.4

110.7

8.4

92.4

62.0

13.3

78.6

102.4

11.7

88.6

Influent (mg/L)

Effluent (mg/L)

Removal (%) 

T-PT-NSSCODMnBOD5

Category
Year 2000

Low nutrient removal efficiency !!!

33



Effluent standards for sewage treatment plants 

[Unit: mg/L except E. coli.]
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CHARACTERISTICS OF MEMBRANE FOULING
AND NUTRIENT REMOVAL 

IN A VERTICAL-TYPE
MEMBRANE BIOREACTOR

55



Part 1: Development of operating factors

Municipal wastewater
low C/N ratio

<Novel vertical-type MBR>
Compact system
Organic, N, P removal

Kinetics and 
EBPR metabolism

µmax, kd, Ks, Y
PHAs, poly-P,
glycogen

Fouling

Physical/
Chemical/
Biological factors

Performance

SS, organics
Nutrients
E. coli

Operating factors

Internal recycle rate
HRT
C/N ratio

Population 
dynamics

PCR-DGGE
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Vertical-type membrane bioreactor

Pilot-scale

Lab-scale 

Volume (L)

840500

2012

OxAx

<Microfiltration membrane>
Hydrophilic polyethylene
Hollow fiber module
Pore size = 0.4µm



Summary of results; Summary of results; LabLab--scale studyscale study

Characteristics of synthetic wastewater

200 mg/LNaHCO3Alkalinity

6 mg/LKH2PO4T-P

Trace metals and yeast extract

30 mg/L(NH4)2SO4T-N

120-300 mg/LC6H12O6COD

ConcentrationChemical formulaConstituents
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Experimental conditions

- SRT = 30 days
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Sludge production in vertical-type MBR
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<Sludge production>
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Internal recycle rate
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C/N ratio
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HRT
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Summary of results; Summary of results; PilotPilot--scale studyscale study

Characteristics of influent and external carbon source

Food waste WWTP sludge

TVFAs = lactate(2%) + + acetate(25%) + propionate(12%) + butyrate(18%) + valerate(35%) + caporate(8%)
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Pilot-scale vertical-type MBR

Control 
panel PC

Auto 
control

Vertical-type MBR

Anoxic zone
(500L)

Oxic zone
(850L) ORP (mV)

MLSS (g/L)

+213-112

4.218.68

OxicAnoxic

Membrane unit

Effluent
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Experimental conditions

(FeCl3)

- SRT = 60 days
- Internal recycle = 3Q
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Organic and nutrient removal efficiencies

☞ Run 2 – 4; HRT decrease nutrient removal efficiency decrease

☞ Run 5; coagulation with ferric chloride; phosphorus removal 32% 83%

☞ Run 6, 7; addition of external carbon increase of nutrient removal efficiency
(Nitrogen: 44% 75%, Phosphorus: 32% 67%) 1717



Reuse of effluent in vertical-type MBR
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Enhanced Biological Phosphorus Removal

Anaerobic
condition

Organics 

SCFAs
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PHAs (poly-hydroxyalkanoates) ?
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Carbon source Accumulated PHAs

Acetate 
Glucose

Complex organics

3HB
3HV+3HB or copolymer

??

Compositions of PHAs in this study

(C4)Poly-3-hydroxybutyrate (3HB) = 11%
Short chain length

PHAs
(C5)Poly-3-hydroxyvalerate (3HV) = 67%

Poly-3-hydroxyhexanoate (3HH) = 10% (C6)

(C8)Poly-3-hydroxyoctanote (3HO) = 8% Medium chain length
PHAs

(C10)Poly-3-hydroxydecanoate (3HD) = 3%

(C12)Poly-3-hydroxydodecanoate (3HDD) = 1% 2020



PHAs accumulation pathways

Group 1; Ralstonia eutropha (Alcaligenes eutrophus)

Acetyl-CoA three steps 3HB

Group 2; Photosynthetic bacterium (Rhodospirillium rubrum)

Acetyl-CoA five steps 3HB

Group 3; Most pseudomonas (Pseudomonas oleovorans)

Intermediates from the b-oxidation MCL-PHA 

Group 4; Almost pseudomonas (Pseudomonas aeruginosa)

Acetyl-CoA many steps MCL-PHA 

2121[Source: Biomaterials, Macmillan Publishers Ltd., 1991]



Part 1: conclusions

Lab-scale study
Vertical-type MBR reduce sludge production (about 40% of  

conventional activated sludge process)

High removal efficiencies of organics (> 95%) and SS (100%) 
were maintained

IR (3Q 4Q 5Q); T-N= 68% 83%, T-P= 31% 51%

COD/T-N ratio (4 10); T-N= 50% 80%, T-P= 23% 46%

HRT (6 hrs 12 hrs); T-N= 54% 79%, T-P= 25% 46%

Desirable operating conditions (for 80% nitrogen removal);
IR ≥ 4Q, C/N ≥ 10, HRT ≥ 8 hrs
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Phosphorus removal was restricted at long SRT of 60 days

Effluent quality at HRT of 8 hrs, internal recycle rate = 300%
CODcr < 18 mg/L, T-N < 20 mg/L, T-P < 2 mg/L

Addition of coagulant (ferric chloride);
T-P removal efficiency increased 35% 83%

With external carbon source (food waste + sludge);
- nitrogen and phosphorus removal efficiencies were improved 
from 59% and 35% to 75% and 67%, respectively. 

- Several kinds of PHAs were observed in biomass 
PHAs = 3HB (11%) + 3HV (67%) + + 3HH (10%) + 3HO (8%) +  

3HD (3%) + 3HDD (1%)

Pilot-scale study

2323



Part 2: Characteristics of membrane fouling

Municipal wastewater  
(Low C/N ratio)

<Novel system>

Vertical-type MBR
Anoxic + Oxic zone

Kinetics and 
EBPR metabolism

µmax, kd, Ks, Y
PHAs, poly-P,
glycogen

Fouling

Physical/
Chemical/
Biological factors

Performance

SS, organics
Nutrients
E. coli

Operating factors

Internal recycle rate
HRT
C/N ratio

Population 
dynamics

PCR-DGGE
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Fouling factors in the MBRs treating sewage

[Source: STOWA, 2001]
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Desirable operating conditions to reduce fouling

☞ Constant flux or constant pressure 
constant flux at subcritical flux (Defrance et al., 1999)

☞ Intermittent suction (Hong et al., 2002)

☞ Fouling: side stream MBR> submerged MBR
(Cote et al., 1997)

☞ Proper biomass concentration (Defrance et al., 1999)

☞ Minimize the interfiber clogging (Futamura et al., 1994)
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Comparison of fouling; vertical vs. AO MBR

Anoxic-Oxic (AO) MBR 
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Experimental conditions

5353HRT (hrs)

300%Internal recycle
4.64.32.76.7MLSS (g/L)

30 daysSRT

+314-63+257-47ORP (mV)

6.2 L/m2/hr (40 L/d)
On (8 min) + Off (2 min)

Filtration flux

OXAXOXAX
AO MBRVertical MBR

Lab-scale
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Characteristics of synthetic wastewater

200 mg/LNaHCO3Alkalinity

6 mg/LKH2PO4Phosphorus

Trace metals and yeast extract

30 mg/L(NH4)2SO4Nitrogen

300 mg/LC6H12O6COD

ConcentrationChemical formulaConstituents
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Analytical methods

Membrane resistance: UF membrane (YM30) + Amicon cell unit

Particle size distribution: Particle size analyzer (PSS, USA, 0.5 – 500 µm)

Hydrophobicity: Specific UltraViolet Absorbance (= UV254/DOC, Edzwald et al., 1985)

Viscosity: Cannon-Fenske Viscometer (Cannon Instrument Company., USA)

Extracellular Polymeric Substances: carbohydrate and protein compounds
Heat extraction method (Brown, 1980) 
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Factors affecting membrane fouling

48.4 mg/g VSS34.2 mg/g VSSEPSc

Membrane
resistance

MBR type

2.9 x 1012 m-12.0 x 1012 m-1Rc
1.3 x 1012 m-11.4 x 1012 m-1Ra + Rp
0.2 x 1012 m-10.2 x 1012 m-1Rm
4.4 x 1012 m-13.6 x 1012 m-1Total
1.22 mm2/s1.20 mm2/sViscosity
35.1 mg/g VSS32.8 mg/g VSSEPSp

0.024 m-1mg-1L0.022 m-1mg-1LHydrophobicity

98.4 µm92.5 µm
Particle size 

(vol. wt. mean)

AOVertical
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Factors affecting membrane fouling

74.9 mg/g VSS34.2 mg/g VSSEPSc

Membrane
resistance

Vertical-type MBR

9.4 x 1012 m-12.0 x 1012 m-1Rc
3.9 x 1012 m-11.4 x 1012 m-1Ra + Rp
0.2 x 1012 m-10.2 x 1012 m-1Rm
13.5 x 1012 m-13.6 x 1012 m-1Total
1.31 mm2/s1.20 mm2/sViscosity
35.6 mg/g VSS32.8 mg/g VSSEPSp

0.019 m-1mg-1L0.022 m-1mg-1LHydrophobicity

55.6 µm92.5 µm
Particle size 

(vol. wt. mean)

Pilot-scaleLab-scale
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3636



Membrane fouling in a pilot-scale MBR

Before use After use

Outer side
(Brown)Inner side

(Black)
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Effect of EPSc on membrane fouling

EPSc (mg/g VSS)
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Effect of EPSp on membrane fouling

EPSp (mg/g VSS)
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Effect of particle size on membrane fouling

Particle size (µm)
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Part 2: conclusions

1. Vertical-type vs. series-type MBR
▷ Vertical-type MBR; relatively low EPS and viscosity

reduce membrane fouling long-term operation !

2. Lab vs. pilot-scale vertical-type MBR
▷ PPilot-scale; relatively higher values of EPS and viscosity, 

smaller particle size severe fouling !
▷ Pilot-scale MBR (HRT=10 8 6 4 hrs)
- EPS content and particle size increased
- Cake layer resistance (Rc) was an important factor 

affecting total membrane resistance
- To reduce membrane fouling (Ra + Rp, Rc)

Back washing and turbulent flow 
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