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Wastewater Treatment HRAP 
Â Sunlight energy drives algal photosynthetic 

oxygen production for bacteria to treat waste 

Â More effective than conventional ponds 

Â Better nutrient removal and disinfection  

Â Require less land area 

Â More cost-effective than mechanical treatment 

Â Low energy 

Â Lower capital and operation costs 

Â Lower GHG emissions 

Â Higher algal production than conv. ponds 

Â ~30 tonnes/ha.y 

Â Colonial algae enable low-cost settling harvest 

Pediastrum sp Micractinium sp Actinastrum sp Scenedesmus sp 



CO2 addition 
Â HRAP algae are carbon-limited 
Â Algae have higher C:N ratio than wastewater  
Â Algae (6:1); Wastewater (3:1)  

Â Source: biogas combustion exhaust 
 

Â Improves wastewater nutrient recovery 

Â Increases algal production (~45-60 tonnes/ha.y)  
 

Â               

   HRAP                  HRAP (+CO2)  

 

 

 

Â Promotes low-cost algal harvest 
Â Bioflocculation / Aggregation 

Enhancing Nutrient Removal  

and Harvestable Algal Production 
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Christchurch Demonstration 



Research Questions and Experiments 

Â Can we maintain productive and readily-settleable 

algal species in wastewater treatment HRAP to achieve: 

Â Higher production? 

Â Efficient algal biomass harvest? 

Â Experiments  

ü 1. Comparison of performance of pilot-scale HRAP with and 

without recycling of gravity harvested algae.  

 

ü2. Outside HRAP mesocosm studies with recycling of solid and 

liquid fractions of gravity harvested algae.  

 

ü3. Laboratory studies on the growth and reproduction of dominant 

colonial algae 

 



1. Pilot-scale WWT HRAP 

ü Primary settled sewage (flow rate: 1-2 m3/d) 

ü CO2 added to maintain daytime max. pH <8 

HRAP influent 

Two identical pilot-scale HRAPs 
ü Volume: 8 m3 

ü Surface area: 32 m2 (water depth of 0.3 m) 

HRAP Operation 



Algal Species Control 

High Rate Algal Pond 

Algal harvester 
(short HRT 3-6 hr) 

Algal biomass recycling 

Algal biomass 

Â Recycling a portion of harvested algal biomass back to 

the HRAP maintains colonial algae 

ü Colonial algae settle best 

ü Recycling settled algae increases the dominance of colonial algae 

in the HRAP 



Relative Algal Dominance 

Â Variable dominance without algal biomass 

recycling (Control, HRAPc) 
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Relative Algal Dominance 

Â Very high dominance with algal biomass 

recycling (HRAPr) 

Unicellular algae 

Dictyosphaerium sp. 

Scenedesmus sp. 

Micractinium sp. 
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Pediastrum sp. 

Â Pediastrum boryanum (annual dominance of >90%) 

Â The dominance of a single algal species over similarly sized 

co-occurring algae can be controlled in WWT HRAP 



Algal Biomass Harvest   

Â Greatly enhanced algal biomass harvest by 

gravity sedimentation 

Â Annual average of >85% harvest for HRAPr  

Â Only ~60% for the control HRAPc 

Improved dominance of readily-settleable 

algal species: P. boryanum  

Algal settling cones (HRT: 3 h each) 

From HRAP 



2. HRAP Mesocosm Experiments 

Â Outside HRAP Mesocosms (18 litres, 0.3 m depth)  

Â Adjacent to the two pilot-scale HRAPs 

Â Three experiments during different seasons 

ü  Expt. 2a:    Autumn  (HRT: 6 d) 

ü  Expt. 2b:    Winter    (HRT: 8 d) 

ü  Expt. 2c:    Spring    (HRT: 6 d) 
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üConstant recycling rate of 2.5 

ml/d of gravity settled HRAPr  

algae 

ü~2% solids 

ü~5 mg/d 

  



Expt 2a: Algal Dominance in  

HRAPr Mesocosms 

Dictyosphaerium sp. 

Unicellular diatom 

(c.f. Thalassiosira) 

Scenedesmus sp. 

P. boryanum 
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Â Recycling harvested algae maintained P. boryanum    

 dominance compared with control 
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Expt 2a: Algal Dominance in  

HRAPc Mesocosms 

Dictyosphaerium sp. 

Unicellular diatom 

(c.f. Thalassiosira) 

Scenedesmus sp. 

P. boryanum 

R
e

la
ti

v
e
 a

lg
a
l 
d

o
m

in
a
n

c
e
 (

%
) 

Â Recycling harvested algae increased P. boryanum 

     dominance compared with control 
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Expt 2a&b: Recycling Harvested Algae  

Enhanced Algal Settleability   



Expt 2a&b: Recycling Harvested Algae  

Enhanced Algal Production (by >25%) 
 2a  

 2b  
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Expt 2c: Recycling Solid / Liquid Components 

of Harvested Algae on Algal Harvest 

Â Recycling of either solid or liquid component, and whole 

harvested algae increased algal settleability by 20% 



Expt 2c: Recycling Solid / Liquid Components 

of Harvested Algae on Algal Production 
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) >25% 

Â Recycling of solid component and whole harvested algae 

increased algal production by >25% 



Expt 2c: Recycling Solid / Liquid Components 

of Harvested Algae on Reproductive Colonies 
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Â Recycling of solid component and whole harvested algae 

increased % of Reproductive Algal Colonies by ~3-fold 

Reproductive Colony 

Juvenile 

Colony 



Expt 2c: Recycling Solid / Liquid Components 

of Harvested Algae on Juvenile Colonies 

10 µm 

Â Recycling of solid component and whole harvested algae 

increased % of Juvenile Colonies by two to three-fold 

Reproductive Colony 

Juvenile 

Colony 
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Mc (control) 
ML (Algal liquid only) 
Mas (Algal solid only) 
Mr (Whole algal biomass) 



Expt 2c: Recycling Solid Component or Whole 

Harvested Algae Increased Colony Size and 

Biovolume 
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Â Colony size (µm): 30-60% increase 

Â Colony biovolume (µm3): 2-5 fold increase  



Mc (control) 

ML (algal liquid only) 

Mas (algal solid only) 

Mr (Whole algal biomass) 
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Expt 2c: Recycling Solid / Liquid Components 

of Harvested Algae on Colony and Flocc Size 

Â Recycling harvested algae increased both colony and flocc size 

Â Both solid and liquid components had an effect 



Mechanisms Explaining Improved  

Algal Settleability 

üRecycling the solid component (i.e. P. boryanum 

cell/colonies) extended mean cell residence time 

(i.e. the period for growth), which resulted in an 

increase in the cell/colony size and biovolume 

 

üRecycling whole algal biomass, the solid and the 

liquid component similarly promoted the formation of 

large algal aggregates (>0.5 mm) associated with 

wastewater bacteria 

 



Mechanisms Explaining Improved  

Algal Production 

ü Recycling the solid component of harvested algae 

extended the mean cell residence time which 

promoted P. boryanum production by: 

 

ü Increasing colony size and biovolume 

 

üEnabling more cells to reach maturity and reproduce 

producing more juvenile colonies 

 

üIncreasing the total number of colonies 

 



Expt 3: Laboratory Studies of  

P. boryanum Growth and Reproduction 

Â To investigate the growth and reproduction of a single 

P. boryanum colony under high and low light conditions 



Growth and Reproduction of a P. boryanum 

Colony under High and Low Light 
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P. boryanum Colony  

Growth and Reproduction Summary 

Â Time to attain reproductive maturity increased under 

low light and temperature conditions 

Â Cells grew slower 

Â Cell/colony size at reproductive maturity increased 

under low light and temperature conditions  

Â More stored energy needed for reproduction? 

Â Therefore algal biomass recycling may not only extend 

the mean cell residence time leading to higher growth 

and biomass concentration 

Â But the resulting lower light availability in the pond may 

further promote the growth of larger P. boryanum 

colonies 

Â The longer time period to reach reproductive maturity 

under low light may be offset by recycling. 



Conclusions 

Â Recycling gravity harvested (P. boryanum dominant) 

algae back to HRAPs:  

üIncreased dominance of P. boryanum (which settles 

rapidly) 

üImproved 1 h settleability (by >20%) 

üIncreased productivity (by >25%) 

üCritical mechanisms that explain improved species 

control, algal biomass productivity and harvestability 

have been indicated but require further investigation 

üFurther large-scale demonstration required 
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Slaughterhouse WWT 

 


