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Rationale for integrating 
wastewater treatment and 

algal biomass (energy) 
production



Energy consumption by Australian metropolitan water 
utilities

Cook, S. Hall. M. and Gregory, A. (2012) Energy use in the provision and consumption of urban water in Australia: an update.
CSIRO Water for a Healthy Country Flagship, Australia. Prepared for the Water Services Association of Australia. 



Melbourne Water energy consumption for wastewater treatment 
(Annual Report 2013-2014)



Melbourne Water GHG production (T-CO2-e)
(Annual Report 2013-2014)



GHG abatement hierarchy of strategies (Energy Efficiency 
Opportunities, Melbourne Water Corporation, First Public 
Report, 2008) 



The opportunity: Reduced energy consumption 
and CO2 emissions

Adapted from Shilton et al (2008) WST, 58, 253-258

Treatment
process

Energy Usage
(kWh/ML)

*kg CO2-e/ML References

Conventional
activated
sludge

40 - 230 31 – 180 Owen (1982), Green et al (1995)

Extended aeration 
AS

410 - 960 316 - 740 Owen (1982), Young & Koopman 
(1991), Green et al (1995)

Unmixed WSPs 0 0

High rate algal 
ponds 
(HRAP)

60 - 110 46 - 85 Fallowfield & Garrett (1986), Oswald, 
(1988), Green et al (1995)

CO2 emission factors for purchased electricity vary between states; 
0.23 – 1.22 kg CO2-e/kWh (Tasmania and Victoria respectively); 
the value for South Australian of 0.77 kg CO2-e/kWh was used in the calculations 
(http://www.climatechange.gov.au/climate-change/~/media/publications/
greenhouse-gas/national-greenhouse-factors-june-2009-pdf.ashx)

http://www.climatechange.gov.au/climate-change/%7E/media/publications/


The opportunity: renewable biomass 
energy

g/m2/d T/ha/yr
Gross energy

MWh/ha/yr
House 

equivalents (Vic)
House 

equivalents (SA)
5 18 108 22 20
25 91 541 110 102
50 183 1082 220 205
75 274 1623 330 307

100 365 2164 439 409

Assumptions: 
Biomass energy content 21.17kJ/g (Fallowfield & Garrett, 1985)
Household consumption (2014) Vic – 4923 kWh/yr; SA – 5289kWh/yr (Electricity Bill Benchmarks (2015) The Australian Energy Regulator, ACIL Allen 
Consulting) 



Potential pathways for incorporating biomass 
energy into wastewater treatment train.  





Project objectives
• Design, operate and evaluate the performance of demonstration high rate algal

ponds for integration into a wastewater treatment plant for the production of

microalgae, biomass energy and wastewater treatment, using secondary treated

wastewater influents.

• Evaluation of pond design, understanding of climatic impacts and optimal pond

management.

• Provision of ‘real world’ data on microalgal biomass production, energy yield,

nutrient recovery, to enable development of plausible scenarios to assist the life

cycle assessment of integrating this technology into wastewater treatment plants

operated by water utilities.



Construction phase



Covered anaerobic 
lagoon

AGL Power 
station

Raw wastewater 
influent

CH4 &
CO2

Wastewater for H2S
(& CO2) stripping 
from incoming 
biogas





Study design

• Effect of CO2 addition to wastewater.
– South HRAP was fed secondary treated wastewater and 
– the North HRAP fed the same wastewater enriched with CO2 following passage 

through the AGL gas scrubbers. 
– HRAPs were both operated 0.3m depth and THRT; 4d. 
– The results of this study are reported by Fallowfield et al, (2016) at this conference. 

• Effect of HRAP operational depth and THRT. The wastewater treatment and 
biomass production performance of HRAPs, 

– fed wastewater from the facultative Lagoon 55E, 
– operated at two operational depths (0.3m and 0.4m) and three THRT (2, 4 & 8d). 

• Longitudinal study of HRAP wastewater treatment and biomass production.
– The overall design of the research program enabled determination of wastewater 

treatment and biomass production by an HRAP operated at 0.3m, 4 d THRT over an 
annual cycle at the Western treatment Plant. 



Methods

• Auto-samplers collected 
composite (3am/pm) daily 
samples

• Nutrient, algal biomass 
parameters analysed at Flinders 
(APHA Standard methods)

• BOD5, E.coli, algal speciation

• DO, pH, temperature –
continuous on-line measurement

• Weather data BoM



Snapshots



Table 1. Composition of wastewater from Lagoon 55 E, Western 
Treatment Plant, Werribee, fed to the North and South HRAPs over 
the experimental period December 2014 – June 2015

N Mean ± SD
1Suspended solids (mg/L) 49 53.7 ± 66
1Total organic carbon (mg/L) 98 19.6 ± 19.1
1Total Nitrogen (mg/L) 98 73.6 ± 9.4
1Soluble Phosphorus (mg/L) 49 11.2 ± 4.4
2BOD5 (mg/L) 31 105.7± 94.3
2E. coli (Log10 MPN/100mL) 31 4.29 ± 4.43

Data, 1Flinders University and 2data supplied by ALS Group Environment 
Division.



Depth : retention time study



Figure 1. Daily solar exposure (MJ m-2, x) and air temperature (O)  
(1st December 2014 to 8thth July 2015) at Werribee racecourse 

(Bureau of Meteorology). 



Soluble nitrogen removal and E.coli Log10
reduction values



Particulate organic carbon (biomass)

HRAP depth of 0.3m (■) 
or 0.4m (■). 



Longitudinal study



Soluble nitrogen removal



E.coli in the treated effluent



Dry matter (suspended solids)



Some take-home messages

Depth – Retention time study
• Soluble TN removal, although higher in HRAPs operated at a depth of 0.3m 

compared with 0.4m,  appeared to be independent of THRT employed in the 
study (2, 4 or 8d).

• There was no significant difference in log10 removal values of E.coli between 
ponds operated at 0.3m or 0.4m depth, although at 0.3 m depth log10 removal 
values of E.coli were higher than those for the  0.4 m deep HRAP. 

• The concentration of POC increased with increasing THRT in the 0.3m deep 
HRAP. A similar trend was identified for the HRAP operated at 0.4m depth 
although the climatic factors prevailing in autumn confounded the trend.



Some take-home messages

Longitudinal study
• The percentage removal of total soluble nitrogen following treatment in a 0.3m 

deep HRAP operated at a THRT of 4d was remarkably consistent from spring 
through to autumn, decreasing markedly in winter. 

• Similarly, E.coli concentration in the treated effluent of a 0.3m deep HRAP 
operated at a THRT of 4d remained virtually constant at 3.0 log10MPN/100mL in 
summer autumn and winter decreasing to > 3.0 log10MPN in spring.

• In the HRAP operated at 0.3m and at a THRT of 4d maximum dry matter 
concentration was recorded in spring, however, this was reduced by ~75% in 
autumn and winter.

• Overall it is recommended that for both dry matter production and wastewater 
treatment HRAPs be operated at 0.3m depth at a theoretical hydraulic retention 
time of 4d. 



Dr Neil Buchanan
(30th Dec 1954 – 2nd July 2015)
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