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AlgaFuture: Food and Biofuel from CO2, Waste and Sunlight  
Integration of Waste Treatment with Algal Cultivation for Sustainable Aquaculture  Feed and Renewable Biofuel  

There is a growing awareness about the global impact of waste accumulation together 
with the need to develop energy alternatives to fossil fuels. Another major concern is 
the depletion of the ocean's food resources. Our project addresses these multiple 
themes of sustainability through holistic and innovative approaches that utilize 
microalgae to recycle waste carbon and other nutrients, including N and P, for 
renewable biofuel and potentially animal or aquaculture feed. 
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The objective of Phase I was to develop, test, and optimize a sustainable and 
robust process to convert agricultural and domestic organic waste, CO2, and 
sunlight into energy or animal/fish feed.  

Task I: Optimize Algal Growth and Nutrient Assimilation from AD Effluent 
18 algal species were tested as candidates for cultivation in wastewater. Several robust 
algal species that were able to proliferate in wastewater spiked with AD effluent [1].  

Task II: Evaluate bacterial & chemical contamination in algal biomass 
(A) 3 and 4 Logs removal of total coliforms and E.coli, 2 
Log removal of Enterococcus and P. aeruginosa. 
(B) Algal biomass meets the requirements for Cd 
(1.76 mg/kg) and Pb (8.8 mg/kg) [2], but As (1.76 mg/
kg) and Hg (0.088 mg/kg) must be re-examined. 

 

Table 1. Observed nutrient removal efficiency  

Parameter 
Type of wastewater media,% 

Primary Primary 
+5%AD Secondary Secondary 

+5%AD 
NH3–N >95 >95 NA >95 
NO3-N <0 <0 90-93 40-73 
Ntot 26-55 34-50 72-90 67-90 
PO4

- 40-60 53-70 NA NA 

 
Metal 

AD 
effluent, 

ug/L 

Second. 
effluent
, ug/L 

Algal biomass, 
mg/kg DW 

10% AD 20% AD 
Pb <DL <DL 0.6 0.8 
Cr 62.7 9.1 2.0 7.0 
Cu 27 27 18 24 
Cd <DL <DL 0.4 0.7 
Ni 25.3 12.1 1.4 4.6 
Zn 14 26 27 66 

Several methods of algal biomass hydrolysis have been 
tested to overcome limitations in biodegradability.  
1. Thermochemical pretreatment is superior to thermal 
and chemical methods, optimal dose of NaOH is 4-5 g/L.  
2. Enzymatic pretreatment evaluation is in progress. A list 
of hydrolytic enzymes were characterized [3]. 
3. Substantial progress was made towards stable 
expression of self-lytic enzymes in C. reinhardtii.  
4. Thermochemical pretreatment enhanced biogas and 
methane production by 33% and 36% for Chlorella sp. 
and 43% and 33% for Nannochloropsis sp.  
 

Task IV: Characterization of algae 
biomass as premium aquaculture feed  

Aquaculture techniques  were  developed  and 
implemented by rearing blue tilapia. Detailed 
studies were not completed due to a delay in 
approval prior to animal work. 

•  selected microalgae are able to transform liquid waste and nutrients into biomass; 
•  waste-grown algal biomass can be converted to biofuel or even aquaculture fish food; 
•  microalgae uptake N and P contaminants and reduce environment discharge; 
•  usage of AD effluent from BRWWTP as fertilizer will result in capturing ~900 tons of 
waste N, ~340 tons of P and assimilation ~2,750 tons of atmospheric CO2 per year; 

•  this technology can be expanded to food waste, livestock manure and poultry litter; 
•  the poultry litter generated on the DelMarVa Peninsula has 24,000 and 9,000 tons of N 
and P, much of which is ends up in the Chesapeake Bay.  

The goal of Phase II is to implement process parameters determined in Phase I in 
an integrated and scaled up microalgae-AD cultivation system for maximal 
production of energy and fish feed and elimination of polluting nutrients. 
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Objectives and Scope  

(1) augment the productivity of algal growth 
system and eliminate fertilizer usage by 
utilization and recycling of waste nutrients;  
(2) control pathogens as well as chemical 
contaminants that can affect algal growth and 
algal biomass as aquaculture feed;  
(3) Enhance conversion of algal biomass 

Task III: Enhance Conversion of Algae to 
Methane Using Advanced AD  
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Theoretical and observed biomethane potential 

Substrate 
Empirical 
molecular 
formula 

Theoretical yield Observed yield  CH4 yield 
from 

theor., % 
CH4, 

L/gVS 
CH4, 

% 
CH4 

L/gVS 
CH4, 

% 
Chlorella sp. C7.02H12.47O3.11N 0.55 55.8 0.338±0.016 73.6 61.4 
Nannochloropsis sp. C8.74H15.0O2.95N 0.63 58.6 0.355±0.012 71.6 56.3 

Background 

Data, Findings, Outputs/Outcomes 

Conclusions and Recommendations 

Proposed Phase II Project Description 

•  Aim I – establish long-term and pilot-scale cultivation of algae using 
the AD effluent as the nutrient source; 

•  Aim II – pilot-scale AD system to obtain energy form algae and 
nutrients recycling. AD alone will be compared with combined 
biodiesel-residues AD system.  

•  Aim III – assess the potential of algae biomass to serve as 
aquaculture feed through controlled fish feeding studies; 

•  Aim IV – environmental impact studies including life cycle and 
economic analysis for tested biomass utilization technologies.  
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and delipidated residues into biomethane through pretreatment;  
(4) Characterize algal biomass as a premium aquaculture feed; 
(5) integrate undergraduate students into the research, involve high school 
students and teachers to disseminate sustainable practices to the public.  

algal	  
cake	   methyl	  

esters	  algal	  
slurry	  

sunlight	  

depleted	  algal	  
residues	  

nutrient	  rich	  
liquid	  effluent	  

Algal	  cul6va6on	   Concentra6on	  

Extrac6on	  

waste
water	  

Biodiesel	  	  
produc6on	  

lipids	  

Anaerobic	  	  
diges6on	  

Dewatering	  

digested	  
wastes	  

solids,	  as	  
fer6lizer	  

(A)	  

treated	  
water	  

Pretreatment	  
(hydrolysis)	  

organic	  
wastes	  

CHP	  
Plant	  

power	  and	  
heat	  

bio-‐
gas	  

algal	  
cake	   methyl	  

esters	  algal	  
slurry	  

sunlight	  

depleted	  algal	  
residues	  

nutrient	  rich	  
liquid	  effluent	  

Algal	  cul6va6on	   Concentra6on	  

Extrac6on	  

waste
water	  

Biodiesel	  	  
produc6on	  

lipids	  

Anaerobic	  	  
diges6on	  

Dewatering	  

digested	  
wastes	  

solids,	  as	  
fer6lizer	  

(C)	  

treated	  
water	  

Aquaculture	  

organic	  
wastes	  

CHP	  
Plant	  

power	  and	  
heat	  

bio-‐
gas	  

fish	  


