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Modeling and Optimization of Nannochloropsis oceanica

Growth in Seasonal Algae Testbed Unified Field Studies
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9Sandia National Laboratories, Thermal/Fluid Science & Engineering, Livermore, CA
bUniversity of Wisconsin, Madison, WI
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We need to be able to optimize algae growth and lipid production in — Models algae growth based on constitutive relations

large commercial scale systems B — biomass concentration (g/m3) O B

: : : : _(P_R — L
Commercial scale tests are time consuming and expensive P — growth rate (1/d) ot (X,t) = (P B, —F; ) B(X,t)+ Y
A computational model facilitates faster and cheaper optimization ,B,M:pr?gégggusgt;a'(‘f (} d) b_p .[f (N (D F.(T)1 (S)]
We apply our validated model to outdoor raceway ponds during P, — max growth rate (1/d) oL PRAER
multi-season, multi-location unified field studies (UFS) of f— growth limiting constitutive relations (0 < f< 1)

Nannochloropsis oceanica (KA32 — Cellana) growth. Tracks nutrient linitv. temperature. licht. CO- and O
This study shows our model’s ability to predict growth and optimize acis hutrients, safinity, temperature, fight, ©4, a 2
parameters of interest like depth and harvesting rates. Allows for sources and sinks of parameters (B)
Max growth rate and limitation 600 : r<U Sor
° ° ° ° i - F . ) - pring 2014 UFS
Calibration and Validation functions are calibrated using data from = s " 222-40W w | = oSk harvest 1 2.3 days
ASU autumn 2013 baseline study. Taco FA0 4 /’VW
Same calibration applied to all cases. % 300 530 iy ff/‘sfﬁ a AW e
\ Harvest modeled using biomass Sa0 E200 | ot AW
quantities from the data and dilutions T ASU Autumn 2013 T100 A —Model - Spec
> and frequencies for verification. J T, SeelneTestDaw o T e
Sy ] * Calculated harvest fits model better. A 24 e 8l 2 g 0 5 10 15 20 25 30
nsu All cases had a lag time between 0o o
Fanal inoculation and exponential growth. 350 = Data- AFDW a0 ° Data-AFDW 3
* Georgia | _ = L e - — - o
/ yoon Model showed good agreement over B viode T30 Model-cale /" | Tk
-o=oa different locations and seasons. Cise Z550 o S
\ o | Comparisons of model results and measured data are plotted é 150 E s 200 |
TP cellana™ estbed locations to show breadth of locations and seasons: A) Data used for | g £ 6150 s
— > calibration from ASU in autumn 2013, B) ASU spring 2014 | © 100 - @ 100 N
with harvesting, C) CalPoly in autumn 2013, D) Cellana in 50 = 50 wu"
spring 2014 with harvesting. Harvesting is modeled by either o S S S N T T
specifying the biomass removed based on data or calculating |C o 5 10 15 20 D o 2 4 6 8 10 12 14 16
based on the planned frequency and dilution rate. Time (d) Time (d)
Depth of the modeled pond is varied for two seasons | A ASUAutumn 2013 _ % B asuspring 2014 Ufs
at the ASU location. 3, R — S s
The productivity is calculated after lag time with: S e e - C R
T (Biomass Growth) « denth = L e Sdays |2 "7
p— - b= ... :‘f 8.5 - _
(Volume)(Time) P Z 4 1 j:z :
< T 8
The calculated productivity is plotted versusdepth ¢° .~ 20 days | &
° ° ° 2 A4 | | | | 75 | | | | | | | | !
for various harvestm.g frequer.mes. | - . "5 T - - 0 s
Depth has a greater impact with faster harvesting. Depth (m) Depth (m)
Little improvement was seen fOl‘ ponds deeper than Modeled pond productivity as a function of pond depth for ASU location in: A)
25 cm at all harvesting frequencies. autumn 2013, and B) spring 2014.
H . R Harvesting rate is varied by = 50 —3dy-30% o5 R k| 105 . o3 day
arvesting Rate adjusting both the dilution = *° - G day - 60% )1 Yos . gk wedy (RN E gagleT a6y
= " i — and frequency of harvests. s /W W J2 s C ORI B S o
/;}?/3/ ; ‘ . o . > 5 '_.; _ . - Ly - S .y
— Productivity is compared to 2,;) R R U -0 : 85
- the harvesting rate and the fx0 /v v W 0 B0 R
ratio of harvesting rateto =  / 37 37
growth rate. 50 £65 & 65
. . L s 6 e 6 A Y
The Ideal harVEStlng rat.e AO 0 5 10 15 20 25 30 B 0 0.05 0.1 0.15 0.2 0.25 0.3 c 0 0.5 1 1.5
depends on the ha rveSt|ng Time (d) Harvest Rate (1/d) Harvest Rate/Average Growth Rate, 6/u,,,
frequency' . « oy u A) Modeled algae concentration over time for a harvest rate of 0.1/d
When the concentration goes too low, the productivity is at various harvest periods. B) Modeled productivity versus harvest
reduced due to the low popul ation numbers. rate for various harvest periods. C) Modeled productivity versus ratio

. . . of harvest rate to average growth rate for various harvest periods.
4 “When the concentration is allowed to increase, the

productivity slowly reduces due to self shading effects.

- Our algae growth model has been validated for use over multiple seasons and locations
COHC'USIQI‘IS for a g%ven strain calibration.

e e %"’“‘f‘gé: ¢ ' <A minimum optimal depth of 25 cm for the cases studied has been identified.
g, @ ‘ 8@ O ¢ X B o ° ° °
L% f e ;’@f The ideal harvesting rate depends on the harvesting frequency.

T @ ‘W QG’;_\ @ - ° ° e o

e 000 2% ;‘g@@&f More frequent harvesting allowed for a greater overall harvesting rate and productivity.
’.‘P " ) 6% ; 4 - o e e e o o L) )
L& %% " ¢ sg  <This study shows the potential of this model to optimize cultivation and harvesting
A G@%’f%@g ";@ ¢ processes and parameters to increase the productivity of algae biomass cultivation.

e & < 2 Q‘:\ -~ Le_ [ ] [ ] [ ] (] (] [ ] [ ] [ ] [ ]

.0 ¢ Se%gYe sez  oThis model can be utilized for pond design optimization, strain selection, and process

optimization for improved algal yields and productivities.
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