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Abstract 
 
This report highlights significant achievements in the Enhanced Practical Photosynthetic CO2 
Mitigation Project for the period ending 06/30/2004. The major accomplishment was the 
modification of the header and harvesting work, with a system designed to distribute algae at 
startup, sustain operations and harvest in one unit. 
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Executive Summary 
 
This final report highlights significant achievements in the Enhanced Practical Photosynthetic 
CO2 Mitigation Project during the period from 04/02/2004 through 06/30/2004. The major 
accomplishment was the modification of the header and harvesting work, with a system designed 
to distribute algae at startup, sustain operations and harvest in one unit. 
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Results and Discussion 
 
Experimental Apparatus 
 
The experimental apparatus used include photosynthetic incubators, bench-scale bioreactors, and 
a pilot-scale bioreactor that have been previously characterized. Other equipment used includes 
pipettes, electric balances (mass scales), natural gas burners, CO/O2/CO2 gas analyzers, and 
DNA sequencing equipment. Details of the specific applications of the experimental equipment 
are included in the discussion of the actual data collection and reduction. 
 
Data Collection and Reduction 
 
Subtask 1.5 Design harvesting subsystem 
 
1.5.1 Flow header design 
 
We have completed design work for the integrated screen wetting/ harvesting system, working 
with Omnisil screens and s.c.1.2(2) organisms. We fabricated and tested the “Drilled-Hole 
Design” inserts. Initial tests conducted using water only showed that the flow across the 
membrane was even. In tests using a solution containing organisms (to analyze the behavior 
under actual conditions) the headers performed well, providing even flow and avoiding clogging. 
  
The insert design using shims to function as pressure and flow regulators (Figure 1) was 
fabricated and tested using 0.015 inch-, 0.020 inch- and 0.025 inch-thick shims. This design also 
showed good flow characteristics and there was no appreciable clogging noticed during and after 
the test. Overall it appeared that the “Pressure Manifold Design” was less susceptible to clogging 
than the drilled-hole design, which is an important concern during long-term testing. 
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Fig. 1. Header pipe flow control inserts. 

 
To gain additional information, a comparative test was run to create a flow rate vs. pressure plot 
for three header insert designs (Figure 2). Notice that the performance of the 0.02” shim and the 
drilled hole design are very similar, and that thickening the shim has the expected effect of 
reducing the flow at a given pressure for the shim design, but the basic pressure-flow relationship 
retains the same. 
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Fig. 2. Header flow characteristics as a function of water pressure. 
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1.5.2 CRF-2 long-term qualitative tests with harvesting and post-harvesting growth 

1.5.2.1 Test 1: Using drilled-hole designed headers. Approximately 0.6 gpm flow rate was 
maintained during dripping mode to grow the organism. Organisms grew very well on the 
Omnisil membrane. They showed very good qualities of adhering to the membranes. At the end 
of the five-week test in the Carbon Recycling Facility Version 2 (CRF-2) we tried to harvest the 
organisms from the membrane by increasing the flow rate above the drip mode level. The 
harvesting was not a success, partly due to mechanical problems with the header pipes. The 
headers had been manufactured from clear plastic to allow visualization of the flow control 
system within the header pipe, but the holes drilled and tapped into the brittle plastic for the 
water lines developed edge cracks so the pipes would not hold pressure for the harvesting mode. 
The headers for the next test were made from a less brittle PVC material to avoid this problem.  

1.5.2.2 Test 2: Using pressure shim headers. Another long-term test was started and is still 
continuing. The dripping mode was a success and the organisms adhered well to the membrane. 
The flow rates were approximately 0.5 gpm. After sufficient growth was established on the 
screens (after several weeks), we performed a harvesting test by increasing the flow on one of 
the membranes, but we were unable dislodge a substantial amount of organisms from the 
membrane. The flow that we were able to achieve was only 2 gpm with the test system, and there 
was not a full "sheeting action" as desired for harvesting. These test results show that a higher 
flow may be necessary for harvesting and that the test system will have to be modified to achieve 
a higher flow for future harvesting tests. Figure 3 and 4 show the screen on both sides before and 
after harvesting. 

To quickly test if harvesting could be achieved using this type of header design modified to 
allow higher harvesting flow rates, we simulated the "sheeting action flow" (no impingement jet) 
by removing the inlet water pipe from the header and using the full flow rate on a small area of 
the screen. In this test we were able to dislodge an appreciable amount of the organism from the 
"harvested" section of the membrane. The flow rate was 1.55 gpm, and it was directed to the left 
1/3 of the screen width on one side of the screen only (side B). The results of this test, shown in 
Figures 5 and 6, indicated that harvesting was possible using only high-flow sheeting action (no 
impingement jet is needed), but we estimated that 5-10 gallons per minute was needed to achieve 
the desired level of harvesting for the entire screen.  
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Fig. 3. Screen side B before harvesting with 2gpm flow through the header. 
 

 

 
 

Fig. 4. Screen side B after harvesting with 2gpm flow through the header. 
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Fig. 5. Screen side B before harvesting with 1.55 gpm. 
 

 
 

Fig. 6. Screen side B after harvesting with 1.55 gpm. 
 
Conclusions 
 
We can report that we have made significant progress toward achieving our overall project goals. 
Most importantly, we have demonstrated that microalgae can be grown in a harsh simulated flue 
gas environment to sequester carbon. And it can be done repeatably and with a high degree of 
solar efficiency. 
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The productivity data strongly indicate that the harvesting method of higher water flow does not 
physically stress the cyanobacterial mass that remains on the substrate. This finding is critical for 
long-term sustainability. Further, the data reflect that productivity, at least in the current 
implementation, is a function of photon availability. Thus, it is seems logical that deployment 
should be favored in locations with higher average incident solar flux. 
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