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The goa.l of thls.pr'OJect is to develop a.mathematlcal model for the |I.pld productlo.n The development of the model is as follows: Lipid Fraction vs Time
from nitrogen-limited algae grown in a homogenous photo bioreactor. This 1.0
mathematical model will allow for regression and optimization procedures that will %E’QOS
show the best parameters for lipid production to be applied to an industrial algae farm (3) p(s) = pm (n+nKn) Soe
where the lipids may be harvested for biofuels. g
(4) u(gn) = fi ( _ 3_13) - 04
E 02 ‘%‘M
(5) Npew = Notg + AT * (§ *xng — p(s) *x L — & * n) EOO
L 0.
(6) lrew = Lora + AT % (B+ quxp(qn) L —y * p(s) x L — & + £) 2 0 2 1 6 : 0 1 14
Time (days)
(7) qNnew = qNoig + AT = (p(s) — p(qn) * qn)
As the focus on alternative, sustainable energy sources continues to rise, optimization (8) Lpyow = Lojg + AT * (Py xky*L —k, *L — 6 *L) Yearly Lipid Production vs Harvest Time
techniques are essential for the efficacy and economic viability of such energy sources 9) Dpew = Doyg + AT % (ky x Py x L — 8 * D) 5 100
to be harnessed. For optimization techniques to be utilized, a mathematical model of y £ 30
the system is necessary. One such renewable energy source is that of biofuels produced (10) Erraction = 7 S 0
from the lipids of algae. To make this system a fiscally profitable endeavor, many 11 Y, iy | D X
: .. : : (11) dead = Yfraction * 3
parameters of algae growth must be considered and optimized. This project focused on g 40
two such parameters: the effect of nitrogen stressed lipid growth in algae and a more (12) Leotal = (L * Crraction + % Laeaa) *V = -
representative death rate of algae. (13) V=V,+uvy*T é
e - ‘ _ 365.25*ftptal 0 2 4 6 8 10 12 14
w’ ] (14) fyearly B T+Tturnover Time (days)
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‘ , SRORRGL N L = live algae concentration ’ ] T = time [d]
O L B o As seen from the graphs above, a model was
® O \ AT = change in time [d] : .
ALGAE . mg C 1 developed for the production of lipids from Qq
( (RENEWABLE RESOURCE) GLYCERIN D = dead algae Conce"tmti‘m’ 3 ] 6 = dilution rate [d™] algae that analyzed the effect of limiting the 1
PRODUCTS 1 = live algae rate constant [d-1] R i [mg N] nitrogen of the system and incorporated a more K2
CO: e o - Mo = influent nitrogen concentration |— representative expression of algae growth in >
= dead algae rate constant |d™"] mg C terms of death rate. After the development of
P1 = live algae production coef ficient | = lipid concentration [ . ] the model, a heuristic approach for the Depth
EXISTING — i i : : i
e P2 = dead algae lipid coef ficient g.raphlca.l anaIyS|s.Ied to the co.eff|C|ents on the an,
. B = Fatty acid synthesis coef ficient [mg C] right, with an optimal harvest time of 13.5 days
p(n) = absorption of nitrogen [mmgc*d] mg N to maximize yearly lipid production as seen in [T
J - Equation (14). It is recommended that a better Reactor Diameter (m)
_ . e .. myg - . :
010 / _ | S mg N y = fatty acid mobilization coef ficient [mg N] mathematlcal model for lipid produ.ctlon b.e Reactor Area (m?)
pITL = AU Uptare 1At g ¢ « d determined from a biology standpoint. It is
mg C important to note that equations are sensitive Vo (L)
: . : : : : : N 4 .on = fraction of live algae that is lipid |—— : A
The first feature of lipid production that this project focuses on is the effect of nitrogen n = nitrogen concentration [m‘z ] fraction = fTaction of live alg Pt [mg C to n, This model should serve as a building Vo (L/d)
limitation on algae growth. This lipid production model was taken from a preexisting - block to further research on lipids produced Depth Increase (m/d)
model and then coefficients were found heuristically by graphical analysis. The second Kn = half — saturation constant ’mg N] £ 4,04 = lipid concentration from dead algae [ ‘Z ] from algae to be harnessed for biofuels.
feature is a death rate of algae, which was a development from another model that L ol linid wroduct: -
focused on the fact that not all the algae will live to the harvest time. The development u(qn) = specific rate of growth [d™] total = total lipid production [mg (]
of the model is derived from the following growth parameters: i = theoretical maximum growth [d™'] depth = depth of reactor [m]
N Lyearty = yearly lipid production [mg C]
m
k1%P1 Qo = minimum nitrogen quota [mg C] Trurnover = time to harvest and set up system [d] James, Scott and Varun Boriah. "Modeling Algae Growth in an Open-Channel Raceway." Journal of
1 L— L+ L : ~ :
(1) V = volume of reaction [L] Computational Biology (2010): 895-906.
k2%P2 N = nitroden auota mg N B , , L Jayaraman, Suresh and R. Russel Rhinehart. "Modeling and Optimization of algae growth." n.d.
(2) L ——D qn = genq mg C vy = volumetric flowrate into reactor [E]
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