Water Research Australia, Melbourne, October 2025

: ARC Training Centre for (X¥\
¥ | Flinders BIUFILMRESEARCHE%
X>/ University & INNOVATION K&

Novel operating strategies for sustainable freatment of regional
community wastewater using high rate algal ponds

Felipe Sabaftte! >, Sam Butterworth!-S, Harriet Whiley!-®, Enzo Palombo2°, Melissa Brown'°, Ryan
Cheng?%, Ben van den Akker#, Howard Fallowfield!>

'College of Science and Engineering, Flinders University, 2 Swinburne University of Technology, 2 SA Water
Corporation, # University of South Australia, > ARC Training Centre for Biofilm Research and Innovation

howard.fallowfield@flinders.edu.au



mailto:howard.fallowfield@flinders.edu.au

- Highly engineered

- Energy intensive

Wastewater
freatment - Need expert technical support to
systems operate and maintain

- Chadllenge for regional, rural and
remote communities
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High Rate Algal Ponds V-
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High Rate Algal Ponds

High Rate Algal Pond (HRAP) Design Guideline

- an element in CWMS Wastewater
Treatment Trains
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High Rate Algal Ponds

Microalgae biosolids
difficult to remove Need to improve

effluent quality

for higher value
- Dissolved air flotation/filtration reyse

- Flocculation

- Sedimentation — plate separators
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Novel operating strategies

Selectively enrich larger, denser algal-
bacterial communities — biofilm like
associations:

- Filamentous algae

- Photogranules

By operating HRAPs as sequencing
batch reactors (SBRs)
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Filamentous algae wastewater freatment — status
PhD candidate Felipe Sabatte

- Review of 28 relevant studies

Oedogonium (21)

- Municipal wastewater and Oedogonium spp. were most S
Used Tribonema

- Most of the studies short time & small laboratory scale

Stigeoclonium (3)
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- Used wastewaters with a high degree of pretreatment

Hydrodiction (3)

- More studies focused on biomass productivity than 60
treatment performance 50 =
£ 40
-  Recommended translational research - lab to outdoor =% O
systems at scale to further adoption this technology. gzo
: : . 0 , B m
- Avoid use of flamentfous algal inoculants L TP e rs——
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HRAP-SBR operation to enrich flamentous algae

1. Daytime mixing — reaction phase

U
2. First discharge while mixing — control of solids retention

MIXING - TREATED 1-|m e (STR)

A4 A
iy bl
MIXING - UNTREATED / \ FIRST DISCHARGE 3. Nighttime discharge of seftled supernatant — balancing
volume for hydraulic retention time (HRT)

u
4. Influent feed

RECHARGE
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Solids (mg/L)

Solids (mg/L)

Proof of HRAP-SBR concept — maintenance of filamentous algal population
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Photogranules
PhD candidate Sam Buterworth

Phosphorus accumulating organisms (PAOs)

Volatile fatty acids used by PAOs anaerobically
to produce and store polyhydroxyalkanoate
(PHA)

During the anaerobic growth of PAOs release
EPS — encouraging photogranule formation

In aerobic condifions PHA, metabolized for the
assimilation of phosphate
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Sam Butterworth, Felipe Sabatte, Harriet Whiley, Enzo Palombo, Melissa H. Brown, Ryan Cheng, Ben Van Den Akker
and Howard Fallowfield (2025) Operating high-rate algal ponds as sequencing batch reactors: A novel approach

to enhanced wastewater freatment. Environmental Science: Water Research & Technology (In Review)
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Photogranules - status

Initially formed by mixing activated sludge (80%) with algal culture (17%) + aeration (Purba et al., 2021)
- Aeration shown not to be necessary — photosynthetic DO sufficient (Ansary ef al., 2019)

- Aerobic granular sludge (AGS) + algae/photogranules improved treatment performance (Sales et al.,
2022, Zhang et al., 2022)

- Shallow laboratory-sale HRAPs (60L) comprising an unidentified algal species from a WWTP inoculated
with activated sludge produced compact granules with good settleability (dos Santos Neto et al.,
2023)

- Shown that HRAPs can form aggregates either from inoculum such as activated sludge or from pre-
formed granules like AGS or microalgae-bacteria granules (MBG) fragments (Pham et al., 2025)
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Research Objective

To use photogranules formed in situ, under natural conditions in HRAP-SBRs to treat wastewater.
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HRAP-SBR operation for photogranule production

PHOSPHORUS RELEASE
PHA STORED

EPS PRODUCTION \

1. Daytime mixing — reaction phase

2. Cessation of mixing — settling

3. Influent feed to settled solids and overflow discharge

MIXING
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Photogranules

Inlet: 17704 mg BOD,/L
Effluent: 198 mg BOD,/L

Removal: 88.4%
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Conclusions
HRAP-SBR operation offers independent control of SRT and HRT

Filamentous algae

- Proof of concept HRAP-SBR maintains a filamentous population
- Wastewater treatment equivalent to HRAP

- Readily settleable solids

Photogranules

- Can be developed in HRAP-SBRs

- Readily setftleable solids

- Preliminary results suggest BOD removal = HRAPs
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Future research — Angaston pilot plant

Transportable
- Pond buillt in sections for on-site assembly

- Paddlewheel pieces each <50 kg for manual handling & assembly

- Self-contained operation
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Angaston pilot plant
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Angaston pilot plant
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Thank you
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