
Microalgae consume nutrients such as 
nitrogen (TN) and phosphorous (TP) in 
polluted wastewater and can also produce 
valuable bioproducts that include fertilizers, 
bioplastics, and renewable energy in the 
form of bio-crude oil1. Central Valley Water 
Reclamation Facility (CVWRF) and WesTech 
Engineering, Inc. aim to use algae to reduce 
nutrient pollution in Utah waterways and 
harvest the cells to produce bio-oils which 
are economically and energetically 
comparable to fossil fuels2.

The Rotating Algae Biofilm Reactor (RABR) 
eliminates the energetically costly 
centrifugation step inherent in current Open 
Pond Reactor (OPR) technologies3. A biofilm 
is alternatively exposed to nutrient-dense 
wastewater and air via a rotating belt. The 
RABR shows comparable efficacy at nutrient 
uptake, known as Biofilm Assimilation Rate 
(BAR), and bio-oil synthesis to traditional 
OPR systems.

This project will vary duty cycle and 
photosynthetic active radiation (PAR) in lab-
scale RABRs to minimize energy input and 
maximize yield and BAR. Results will be 
used to design the RABR belt size (m2) to 
achieve nutrient reductions by CVWRF to 
meet national standards:

• Reduce TP content to ≤ 15mg L-1 day-1

• Reduce TN content to ≤ 200mg L-1 day-1
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Step 1. Construct nine lab-scale RABRs 
that contain 1L of CVWRF wastewater and 
establish biofilms on the 4-ply cotton belt 
with native algae inoculum (Figure 1).

Step 2. Introduce variables (in triplicates) 
and determine values for highest BAR:
• Duty Cycle: Intermittent operation of 

motor rotation (% of time on/off) to 
decrease energy input requirement

• PAR: Varying light wavelength (nm) to 
promote greatest biomass yield 

Step 3. Conduct weekly analyses for:
• TN and TP in wastewater
• Autotrophic index
• Microscopy characterization (Figure 2)
• Biomass yield via ash free dry weight
• Net energy

Step 4. Calculate belt size area for a BAR-
and energy-optimized RABR that fulfills 
the objectives as per Equation 1.

This project was initiated for the U.S. DOE
in September, and initial nutrient 
treatment has been measured (Figure 3).
Figure 3 shows average TP reduction 
of influent after a 6-day treatment post-
inoculation and a 3-day treatment with an 
established biofilm. Preliminary results are 
promising.

It is hypothesized that this project will 
result in PAR and duty cycle values that 
inform a RABR design optimized to benefit 
industry, society, and the environment. 
These benefits include water 
remediation and decreased costs to make 
valuable bioproducts.

WesTech Inc. engineer, Bethany Burton, 
confirms that industry-scale biological 
reactors have been built to accommodate 
the 0.6 MGD wastewater influent of 
CVWRF. Manufacturability is conclusively 
feasible and economically justifiable, but 
exact parameters for optimal operation 
and RABR belt size remain unknown.

This study is being conducted with funding from the U.S. 
Department of Energy and lab assistance from the USU 
Sustainable Waste to Bioproducts Engineering Center.

Figure 1. Constructed lab-scale RABR forming a 
biofilm and treating CVWRF wastewater as substrate
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Figure 2. Cell characterization – algae species
from a biofilm sample viewed at 1000X magnification

Figure 3. Preliminary average TP nutrient
reduction prior to introduction of variables
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Equation 1. RABR belt size given average influent 
flow rate and nutrient concentrations at CVWRF


