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1. BACKGROUND	
 
The overall objective of the Phase 2 UFS are  to generate robust inter-testbed datasets in algal 
biomass productivity for selected strains as a function of regional, seasonal, and environmental 
conditions among sites by controlling non-geographical-related variables including production 
systems, production process and protocols, cultivar and strain. To ensure deliverables for the 
UFS starting in 2014, a few essential components must be in place first: 1) Installation of the 
outdoor production system, 2) setup of the indoor seed stock production system, 3) production 
and analytical methods harmonization, and 4) system validation.  

Production system and scale variation has the potential to induce unwanted non-geographical-
related variability between testbeds as a function of differences in system design and the scale 
of operation between sites. This variation is being minimized at the testbed sites via the 
adoption of a uniform design of outdoor raceway pond systems with respect to size, geometry, 
volume, depth and hydrodynamic mixing. Identical outdoor raceway ponds have been installed 
at each site using a standard geometry and paddle wheel design.  

A total of 6 x 1,000L (nominal volume at 25 cm  depth) identical raceway pond simulators, 
paddle wheels, and data logging (e.g., YSI 5200 monitoring and control system with probes for 
pH, temperature, oxidative reduction potential (ORP), dissolved oxygen, conductivity and 
salinity probes) have been installed at each site. The six ponds will allow experiments to be 
conducted in triplicate for up to two experimental variables or strains in a simultaneous, 
randomized design.  

In addition to the outdoor cultivation system harmonization, we have installed at each site an 
identical system for cultivation of indoor seed culture. This will allow for uniform production of 
starting culture across the sites in terms of quantity and quality. In Phase 1, we will assess the 
need  for uniform treatment systems for source water for the mini-ponds to control the risk of 
biological contaminants entering the cultivation system. Treatment may include a multi-media 
filtration and/or ultra-violet sterilization system, at a minimum.  

Finally, it is essential that each site operates to a standard set of protocols with respect to 
experimental study timing and duration, operating conditions, as well as sampling and analytical 
protocols for a fixed set of parameters. So far, essential SOPs have been selected, distributed, 
and implemented for all sites, with harmonization progressing as planned. 

This document details the experimental plan for the last component, system and method 
validation, serving as a baseline UFS. A Nannochloropsis sp. (KA32) provided by Cellana LLC 
will be used for this study. It is expected that protocol and system refinements will be identified 
through the complete end to end exercising of the UFS framework, from seed production 
through to data and sample collection, data uploads into the Scientific Data Management 
System (SDMS) and eventual data analysis and dissemination amongst the team.  A formal 
lessons-learned review will be conducted after the baseline experiment is complete and any 
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needed changes/refinements to protocols will be documented and where necessary, additional 
verification and validation testing will occur prior to Phase 1 Go/No Go.  

2. OBJECTIVES		
A baseline UFS trial run will be carried out during Q4, CY2013, with the goal of testing and 
validating all essential components for UFS, including the functionality of the production 
systems (both indoor and outdoor), variation of analytical methods, operational logistics and 
capacity, data collection and management, communication/coordination within the project, as 
well as crisis management strategy during a coordinated outdoor experiment. The information 
collected will be used to finalize UFS experimental design to ensure smooth and productive runs 
in 2014-2015, when UFS and AFS will be carried out.  The successful completion of this trial run 
will also be the keystone of a go/no go decision point for DOE for exiting Phase 1 and entering 
Phase 2.  

The specific objectives of the Baseline UFS experiment are the following: 
 
1) Conduct coordinated and controlled experiments across all testbeds 
2) Verify protocols and identify any gaps with procedures, systems, people  
3) Collect the following data for KA32: 

a. Baseline cultivation data, including feasibility of outdoor production for KA32 at 
different location, growth rate, biomass productivity and biochemical composition 

b. Biological variation in the outdoor mini-ponds 
c. Analytical variation for selected methods during a long-term experiment 
d. Real-time monitoring with in-situ sensors 
e. Meteorological data from weather stations 

4) Collect, store, share, report on cultivation data   

3. TIMEFRAME	
A total of 5 weeks of production run will start the week of October 14th, 2013. Based on culture 
conditions and information collected during the first two weeks, experiment will either continue 
as a 4-5 week run (Table 1) or may be terminated and re-started for a second round in 
November 2013 if deemed necessary (seed production issues, culture crash, etc.).  Any 
decisions on suspending/restarting will be made in consultation between Dirs. of Operations and 
Analysis and Integration, and the Experimental Design Lead and communicated to site leads. 
The overall duration may also be affected if a long acclimation period is observed since current 
plan is to go straight outdoors from with indoor cultures cultivated under constant light. 
Preliminary runs at Cellana and ASU with the strain have shown acclimation periods of 2-4 
days. Specific timing and adjusting for acclimation will be discussed with all the sites and 
uniform strategy decided upon.  
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Table 1. Timeline for baseline UFS 

 

 

4. EXPERIMENTAL	PLAN	 
This experiment will be carried out in six 1000L ATP3 raceway ponds across the testbeds with 
KA32 culture inoculated from the indoor seed production panels. Experiment will be split into 
two runs, with two weeks for each run. The simplicity of these proposed baseline plans will help 
to reduce the operational errors yet allow for a solid evaluation of the mini-pond system and the 
operational capacity for each site. This plan covers the basics of all the operational steps 
expected for running the mini-pond systems including seed production, pond cleaning, sensor 
calibration, media preparation, seed transfer, changing operational settings, nutrient load, 
simulated harvest and pond re-sets as well as all the sampling routines for both discrete 
measurements (analytical and productivity) and continuous data acquisition from the YSI units 
and weather data. 

 
For the baseline UFS, two factors, pH and TN, will be examined in triplicates during these two 
runs (Fig. 2). At week 1-2, culture will be set up under two different pH levels (7.8 vs. 8.5) in 
triplicates under nutrient replete conditions to examine the effect of pH on the performance of 
KA32; for week 3-4, experiment will be carried out under two different TN levels in triplicates. 
Pond 1-3 will receive a lower nutrient concentration (1500µM) to allow for extended period of 
nutrient starvation, while pond 4-6 a higher concentration (3500µM) to allow for nutrient 
repletion until harvesting. Experimental conditions and sampling plan are outlined in table 2 and 
3 respectively. 
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Based on preliminary runs of KA32 in the mini-pond systems at Cellana and ASU, there is an 
indication that there will be the need for acclimation of 2-4 days. 

 

Fig. 1: graphical description of baseline UFS. Week 1-2, start batch culture for all six ponds at 
two pH levels (7.8 vs. 8.5) in triplicate under nutrient replete condition; week 3-4, keep one of 
the cleanest ponds as inoculums and drain the remaining five ponds. Re-inoculate or reset six 
ponds in triplicate under two different TN levels (1500 µM vs. 3500 µM).   
 
Table 2: Experimental conditions for plan A: 

   Targets 

Factors 

Week 1‐4 
Pond Depth(cm)  25 

Week1‐4 
PW speed (Hz)  30 

Week 1‐4 
Inoculums (g L‐1)  0.05 (+10%) 

Week 1‐2 
Nutrients (µM)  3500 

Week 1‐2  
pH 

3 ponds@ 7.8 
3 ponds @ 8.5 

Week3‐4  
Nutrients (µM) 

mP1‐3: 3500 
mp4‐6: 1500  

Week 3‐4 pH  7.9 
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Table 3: Sampling plan for plan A: 

   Sampling plan 

Samples 

OD@ 750nm  

 M‐F 
Trips all (weekend data point 

encouraged) 

DWT & AFDW 
 

MWF 
Triplicates for all 

Nutrients   MWF (trips – N and P) 

FAME 
T0 (source culture – 1L, D7,  

D14 – all ponds 

Carbs, Protein  T0 (source culture) D7, D14(all ponds) 

Microscopic   MWF 

qPCR  

T0 (source) D7, D14 
50ml Sample, pelletized and frozen 

(supernatant discarded) 

Manual 
checks (pH, 
Salinity)  7:30am / 3:30pm (+/‐ 30 min) 

Weather data  Realtime 

In‐situ 
sensors  Real time (15 min) 

 

This plan will allow for the evaluation of both 
biomass productivity under different pH 
levels, as well as biomass and FAME 
productivity under different TN levels. 
Sampling on the weekends will be at the 
discretion of the site leads. At a minimum it 
is highly encouraged to perform a system 
check and ideally take OD. Data output is 
summarized in table 4. Raw data is captured 
in standardized production spreadsheet with 
discrete (e.g., OD, AFDW, N:P, manual 
depth pH and Temp) as well as continuous 
data (YSI, Weather).  

 

Data output

Growth rate

Biomass and FAME productivity under different pH

Biomass and FAME productivity under different TN

Biomass & FAME productivity vs. stock density 

Productivity vs. PAR

Nutrient draw‐down rate/ratios (N/P)

Total fatty acids and fatty acid profile

Compositional data for specified sampling times

Biological and analytical replication

Contaminant identification 

Table 4: Data output: 
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5. Inoculation	and	Operational	Procedures		

Current versions of all SOP’s for inoculum production, analytical measurements, pond transfers, 
cleaning, etc., can be found on the ATP3 SharePoint site.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


