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Contaminants in Domestic Wastewater
Iy

strength strength strength

(Metcalf and Eddy, 2003)

» Wastewater produced in many cities is characterized with low COD/N ratio (< 5)
(Sun et al., 2010)
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Impacts due to Contaminants
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Evolution of Wastewater Treatment
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Membrane used in MABR
[
» Membrane aerated biofilm reactor (MABR) is an emerging
technology using gas supplying membranes
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Equipment and Setup
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NOTE - 1. Middle compartment is separated by perforated plates from either sides
2. Middle compartment contains PVA-Gel
3. Middle compartment is mixed using a mechanical mixer and treated
wateris taken at bottom through a pipe along the wall
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TN and COD Removal Comparison with Previous Studies
No Feed water Membrane tvpe COD/N | Influent TN | Reactor | HRT | COD removal | TN removal Reference
’ yp ratio |con. (mg/L) | volume (L) | (h) (%) (%)
. Li and
1 iﬁ?:et'c surface r::ﬂ?;:n':e 8 25 470 36 80 Zhang,
2017
Typical municipal : j Quan et al.,
2 RO concentrate HF membrane 5.8 75 6 é 24 >85 2018
. Dense non- Duvall,
3 | Synthetic WW porous HF 4.4 27.2 0.8 6 91.6 2017
4 |synthetic WW PDMS HF 4 40 3 12 95.1 5023 | Akkakam,
membrane 2018
5 |syntheticww | MHF200TLHE ) 40 3 12 91.1 4764 |Pkkakam,
membrane 2018
. PDMS HF Akkakarn,
6 |Synthetic WW membrane 4 40 3 8 90 30.66 2018
7 |syntheticww | MHF200TLHE | 40 3 8 86 3159  |AKkkakam,
membrane  — 2018
8 |[Synthetic WW PDMS HF 6 40 6 N2 ? >92.2 @ This study
membrane
Madhawa P / Western Sydney University IESL Young Engineers Day 2020 [T
L]
Conclusions

» COD removal performance was always above 90% and had slight variations throughout
the whole experimental duration. COD removal was not affected by the addition of PVA-
Gel bio-carriers, by changing the COD/N ratio or by changing the HRT.

» The MABR performance increased due to the addition of PVA-Gel containing denitrifiers.

» Maximum TN removal was 68.63% at 12h HRT and COD/N ratio of 6. This result is better

than the results of previous studies. Because, the HRT of 12h in this study is low
compared to previous studies.
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Recommendations for Future Studies
B

1. Conduct further experiments by changing the PVA-Gel volume
2. Quantify the sludge reduction due to the use of PVA-Gel

3. Conduct further experiments to standardize a process for biofilm
thickness control by PVA-Gel

4. Use qPCR technique to get an insight on microbiology in the biofilm
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N.H. Sajith Madhawa Premarathna (M.Eng.), Chettivappan Visvanathan (Ph.D.)

Deparmment of Enengy, Emvironment ond Climate Change, School of Environmens, Resources and Development. Aslan nsttue of Technology, PO, Box 4, Khlong luang,
Puothumthg 12120, Thsikard

ARTICLE INFO ABSTRACT

Keywords The Membrane Acrated Biofilm Resctor (MABR) is an attractive altermative for the removal of nitrogen from
Membrane Acrased Beofilm Beacir {(MARR | wastewater because of its ability to the inherent | of | systems, But in MABR, the
Bio-cartiers denitrification performance is low ot low Hydraulic Retention Times (HRT). Therefore, a modified MABR which
VARSI T uses Polyvinyl Alcohol (PVA) gel bonds as bio-cirriens was used in this study 1o enhance the Total Nitrogen (TN)
PYA Gl Sl s whiss Eolatig B

By adding PVA-Gel in the MABR, the nitrification and TN removal performances increased by 14% and 13.4%
respectively. At 12h HRT and COD/N = 6, it had a maximum TN removal efficiency of 68.63%. The COD
removal performance was always above 90.2%. Morcover, in contrast to a | MABR, the i
rate had an upward trend when the COD/N ratio was increased and/or when the HRT was redoced. Above
results concluded that PVA-Gel addition enhanced the MABR performan ce.
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Categorization of MABR
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Advantages of MABR over other methods

No need of separate anoxic tank

1

Biofilm on N - culati : " i
membrane o recirculating pump requiremen i
Provide increased SRTs H

surface . H
Reduced footprint ]
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Il Higher gas utilisation \
-— —_ Allow for safe use of flammable gases i
JI L Diffusion Energy saving (80% saving in energy cost compared to |
of gas Gas CAS process) (Semmens et al., 2003) i
ﬂ diffusion Air can be delivered at low pressures !
mechanism Gas transfer to biofilm can be increased i
. . . . ]
Prevent the stripping of volatile organic compounds !
(VOCs) and greenhouse gases ,,'
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Removal Comparison With and Without PVA-Gel

5 NH4+-N = TN = COD
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Conclusion:
» By the addition of PVA-Gel bio-carriers
» NH,*-N removal increased » COD removal was not affected

> TN removal increased
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N removal in wastewater

f Bardenpho \ / Novel Biotech. \ ﬂonventional SND

Do
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» Mediated by autotrophic microbes

> Effective for wastewaters with very > Cost s.?ng

» Need an anoxic tank low organic carbon concentrations > Particularly suitable when
additional to aeration (COD/N<1) treating WW with low

tank (Gopakumar, 2018) CODIN ratios (COD/N<5)
» Need recirculation (Guo et al., 2005)
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COD removal in wastewater

Oxidation and synthesis:

HB

Endogenous respiration:

CH, 0N, +30, —2EB o C.H,NO,+ NH, +3CO, + H,0
But, in SND:

5 CgH,,05 + 24 NO; —22 4 12N, (g) + 24 HCO; + 6 CO, + 18 H,0

CHONS + O, + Nutrients =~ —— C;H,;NO, + CO, + NH; + by products

Madhawa Premarathna / Western Sydney University IESL Young Engineers Day 2020




4/1/2020

MBR for domestic WW treatment

| Needs modification

I
| 1. Attached-growth system
2. Suspended growth system

\
. I
1. Smaller footprint and smaller reactor |
I\ 3. Anoxic & aerobic compartments /l

volume
2. Decreased sludge production
3. Higher effluent quality
4. Low sensitivity to contaminant peaks
5. Removal of most bacteria and virus
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Limitations
[

imitations in conventional treatment methods
» High construction cost }

In bardenpho process and

» High operation and maintenance cost sing modified MBR

» Large footprint

In other N removal

> Difficult to treat low strength domestic wastewater
techniques except SND

Limitadtons #71)
MABR

» No standard method to control the biofilm thickness

» Need of HRT higher than 12h to achieve adequate TN removal

» Different studies suggest different COD/N ratio for optimum TN
removal

> Low denitrification rate a @

Additional Benefits of using PVA-Gel Bio-carriers
[

1. Control of biofilm thickness

protrusions

(0NN R
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Acclimation period 1 Biofilm cleaning

(30 days) cycle (15 days)
Start of long-term

experiment

Biofilm cleanlng
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Additional Benefits of using PVA-Gel Bio-carriers

2. Reduced sludge production

50 @

Day 1 Day 21 Day 41 Da);61

Acclimation period

(60 days) Start of the long-term

experiment
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According to PVA-Gel
manufacturer,

Generation of excess sludge
is low because;

» Proliferation and death of
bacteria is almost equal
when using PVA-Gel
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